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Steroid-sparing strategies in the management of ulcerative
colitis: Efficacy of leukocytapheresis
Manabu Shiraki, Takayuki Yamamoto
available data suggest that leukocytapheresis can avoid
or reduce the use of corticosteroids in the management
of UC. Large, well-designed clinical trials are necessary
to more accurately evaluate the steroid-sparing effects
of leukocytapheresis in the management of UC.
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Abstract
Active ulcerative colitis (UC) is frequently associated
with infiltration of a large number of leukocytes into the
bowel mucosa. Leukocytapheresis is a novel nonpharmacologic approach for active UC, in which leukocytes
are mechanically removed from the circulatory system.
Current data indicate that leukocytapheresis is efficacious in improving response and remission rates with
excellent tolerability and safety in patients with UC.
Corticosteroid therapy remains a mainstay in the treatment of active UC; however, long-term, high doses of
corticosteroids usually produce predictable and potentially serious side effects. If leukocytapheresis can
spare patients from exposure to corticosteroids, the
risk of steroid-induced adverse events should be minimized. This may be of great benefit to patients because
severe side effects of steroids seriously impair healthrelated quality of life. In this article, we reviewed current evidence on whether leukocytapheresis can avoid
or reduce the use of corticosteroids in the management of patients with UC. Several studies have shown
that leukocytapheresis was effective for steroid-naïve
patients with active UC. Furthermore, both short-term
and long-term studies have demonstrated the steroidsparing effects of leukocytapheresis therapy in patients
with UC. Although the evidence level is not striking, the
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INTRODUCTION
Active ulcerative colitis (UC) is frequently associated with
infiltration of a large number of leukocytes into the bowel mucosa[1]. The infiltrated leukocytes release degradative
enzymes, oxygen derivatives and proinflammatory substances that can cause bowel injury and promote further
inflammation[2,3]. Removing excess and activated circulating leukocytes by apheresis has the potential to improve
the condition of patients with inflamed bowels.

LEUKOCYTAPHERESIS
Leukocytapheresis is a novel nonpharmacologic approach
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for active UC, in which leukocytes are mechanically removed from the circulatory system[4-7]. Different apheresis techniques remove different types of leukocytes,
and have different adsorption capacities. The two most
common techniques involve drawing blood via a venous
catheter, pumping it through a column containing cellulose acetate beads (Adacolumn) or a filter of nonwoven
polyester fibers (Cellsorba), thereafter returning it to the
circulatory system. As blood passes through the system,
leukocytes adhere to the beads or filter. Leukocytapheresis appears to avoid and control an excess of cytokines
by removing activated leukocytes from patient peripheral
blood and inflamed bowels[5,7]. However, the detailed biochemical mechanisms underlying the effects of leukocytapheresis remain largely unknown.

demonstrate efficacy for the induction of clinical remission or response in patients with moderate-to-severe
UC[19]. A number of meta-analyses[20-22] were conducted
to assess the safety and efficacy of leukocytapheresis
compared with conventional pharmacotherapy in patients
with UC. In the trials that compared leukocytapheresis
and corticosteroids, side effects were much less frequent
in patients treated with leukocytapheresis. Few severe
adverse events were observed during leukocytapheresis
therapy. Unlike corticosteroids, leukocytapheresis is associated with an excellent safety and tolerability profile.
Furthermore, leukocytapheresis induces a clinical remission in a higher proportion of UC patients as compared
to conventional medical therapy. However, many of the
studies evaluated in the meta-analyses were conducted in
Japanese patients, which may limit generalizability. Highquality randomized controlled trials (RCTs) comparing
leukocytapheresis with conventional medical treatment or
sham procedure in Western populations are required[20-22].

CORTICOSTEROIDS
Corticosteroid therapy remains a mainstay in the treatment of active UC[8-11]. Patients frequently experience
improvement in their symptoms within days of starting
corticosteroids. During an acute severe exacerbation,
approximately two-thirds of patients will respond to intravenous corticosteroid therapy. For steroid-refractory
patients, options are limited to surgery or second-line
agents, such as cyclosporine or infliximab, used in an attempt to avoid colectomy.
In the study by Faubion et al[12], 63 patients with active UC were treated with corticosteroids. Short-term
outcomes (30 d) were complete remission in 54% of patients, partial remission in 30%, and no response in 16%.
One-year outcomes were prolonged response in 49% of
patients, corticosteroid dependence in 22%, and operation in 29%. This study underlines the fact that most
patients with UC initially respond to steroids, but after
one year a significant proportion loses the response; this
leads to steroid-dependency or the need for surgery, even
among those who initially responded to the treatment.
The pathophysiology of corticosteroid resistance and dependency in UC is poorly understood[13]. Leukocytapheresis removes from the body blood cells that contribute
to UC and, therefore, unlike corticosteroids, it is not expected to induce dependency or refractoriness.

POTENTIAL ADVANTAGES OF
LEUKOCYTAPHERESIS OVER
CORTICOSTEROIDS
Long-term, high doses of corticosteroids usually produce predictable and potentially serious side effects. If
leukocytapheresis can spare patients from exposure to
corticosteroids, the risk of steroid-induced adverse events
should be minimized. This may be of great benefit to
patients because severe side effects of steroids seriously
impair health-related quality of life. In this article, we
reviewed current evidence on whether leukocytapheresis
can avoid or reduce the use of corticosteroids in the
management of patients with UC.

FACTORS AFFECTING EFFICACY OF
LEUKOCYTAPHERESIS
In a number of studies[23,24], factors affecting the efficacy
of leukocytapheresis were identified. We conducted a
prospective study to identify factors affecting clinical and
endoscopic efficacies of Adacolumn leukocytapheresis
in patients with active UC[23]. In the multivariate analysis,
the dose of prednisolone administered at entry and the
cumulative dose of prednisolone administered before
entry were significant independent factors for both clinical and endoscopic remission, and negatively impacted
the efficacy of leukocytapheresis. It appears that steroidnaïve patients and patients on low dose steroid and short
duration of exposure respond to leukocytapheresis. Suzuki et al[24], searched for predictors of clinical response
to Adacolumn leukocytapheresis. First UC episode and
short disease duration appeared to be good predictors
of response to leukocytapheresis. From these data, leukocytapheresis may be a promising candidate therapy for
steroid-naïve patients with active UC. Furthermore, leukocytapheresis can be an effective first-line treatment in

EFFICACY AND SAFETY OF
LEUKOCYTAPHERESIS: A SYSTEMATIC
REVIEW AND META-ANALYSIS OF
CLINICAL TRIALS
The data obtained from uncontrolled studies[14-18] are
generally quite consistent: a high response rate has been
achieved in corticosteroid-naïve patients and a remission
rate of approximately 50% has been achieved in patients
with steroid-dependent or steroid-refractory UC. Additionally, leukocytapheresis is safe and well tolerated[14-18].
The largest randomized, double-blind, sham-controlled
study of Adacolumn leukocytapheresis therapy failed to
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ence in clinical response to Adacolumn leukocytapheresis
between steroid-naïve and steroid-dependent patients. In
a controlled study by Nishioka et al[26], 29 steroid-naïve
patients were selected to be treated with Cellsorba leukocytapheresis (n = 9) or steroids (n = 20). In the steroid
group, patients with moderately active disease received
0.5 mg/kg/d of prednisolone and those with severe
disease 1.0 mg/kg/d. Eight patients (89%) in the apheresis group and 16 (80%) in the steroid group showed
clinical improvement, and three (33%) in the apheresis
group and seven (35%) in the steroid group achieved
clinical remission. Three major adverse effects were
observed in the steroid group, but none were observed
in the apheresis group. The efficacy and safety of leukocytapheresis were equivalent, and in terms of severe adverse effects, superior to those of steroid therapy. In the
study by Umehara et al[27], 18 steroid-naïve patients with
moderately active UC received weekly leukocytapheresis
therapy with Cellsorba for five consecutive week. The
remission rates at 8 and 48 wk after the last apheresis
session were 61% and 28%, respectively. At 48 wk after
achieving remission, the relapse rate was 55%, and the
duration to relapse was 8.7 mo. In all studies[14,15,25-27],
leukocytapheresis was well tolerated, and no severe side
effects were observed.

Table 1 Leukocytapheresis for steroid-naïve patients with
active ulcerative colitis
1

Patients (n )

Leukocytapheresis
(sessions/wk)

Remission rate
(%)

Steroid-naïve 8
(steroidrefractory 31)
20

Adacolumn
11/11

Naïve 88
(refractory 81)

Adacolumn
5-10/2.5-5

85

Adacolumn
11 /12

Naïve 85
(dependent 58)

Nishioka et al[26]

Steroid-naïve 26
(steroiddependent 19)
9

Umehara et al[27]

18

Cellsorba
10 /10
Cellsorba
5 /5

33
(89 improved)
61

Ref.
Hanai et al[14]

Suzuki et al[15]

Tanaka et al[25]

1

Remission was defined as a clinical activity index (CAI) decrease to 4
or less and mucosal vascular patterns became at least partly visible in
the studies by Hanai et al[14], Suzuki et al[24], and Nishioka et al[26], a CAI
decrease to 4 or less in the study by Tanaka et al[25], and a CAI decrease to
less than 4 in the study by Umehara et al[27].

patients with active UC.

LEUKOCYTAPHERESIS FOR STEROIDNAÏVE UC

EFFICACY OF LEUKOCYTAPHERESIS
WITHOUT CONCOMITANT STEROID
THERAPY

Leukocytapheresis has been mainly used for patients with
steroid-dependent or steroid-refractory moderate-to-severe UC. About half of patients with steroid-dependent
or steroid-refractory UC achieve clinical remission during
a course of leukocytapheresis therapy[20-22]. So far, five
small-scale observational studies[14,15,25-27] have evaluated
the efficacy and safety of leukocytapheresis for steroidnaïve patients with active UC. Of these five studies, one
study[14] also included steroid-refractory patients, and
one study[25] steroid-dependent patients. Another study[26]
compared the outcomes of steroid-naïve patients treated
with leukocytapheresis and corticosteroid therapy.
A brief summary of the five studies is presented in Table 1. In the short-term, the majority of patients achieved
clinical improvement. The remission rate immediately
after leukocytapheresis therapy ranged from 33% to
88%[14,15,25-27]. Quantitative pooling of data was not feasible due to the diversity of interventions and outcome
measures among the studies. In a prospective study by
Hanai et al[14], 81% of steroid-refractory and 88% of
steroid-naïve patients achieved clinical remission one
week after the last apheresis session. At 12 mo, 79% of
patients had maintained their remission. In a prospective
study by Suzuki et al[15], 85% of patients achieved clinical
remission during a course of leukocytapheresis therapy.
At eight months, 60% of patients had maintained their
remission. In the study by Tanaka et al[25], the response
rate was 85% in steroid-naïve patients and 58% in steroiddependent patients. On average, remission was sustained
with 5-aminosalicylic acid (5-ASA) for 7.8 mo in the responders. This is the first report showing a striking differ-
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In patients with moderately to severely active UC who
failed to respond to optimal doses of 5-ASA compounds, systemic corticosteroids should be used. A few
studies[17,28] evaluated the efficacy and safety of leukocytapheresis without concomitant steroid therapy for
patients who failed to respond to 5-ASA compounds.
In our prospective study[17], 30 consecutive patients with
active distal UC were treated with weekly Adacolumn
leukocytapheresis (a total of five sessions). During treatment, corticosteroid was not given. The median disease
activity index score significantly decreased from six to
two. Clinical remission was achieved in 21 patients (70%)
after the last apheresis session. No serious side effects
were observed. Ashida et al[28] conducted a multicenter
study to investigate the efficacy of leukocytapheresis
without concomitant steroid therapy in patients with active UC. Twenty patients were treated with Cellsorba leukocytapheresis (twice a week for three weeks). The Lichtiger’s clinical activity index score significantly decreased
from 11.7 to 6.6 after the treatment. Of the 20 patients,
15 (75%) responded, and 7 (35%) achieved complete remission. No serious adverse reactions were observed.
In an RCT by Bresci et al[29], 80 patients with active
UC were randomly divided into two treatment groups:
patients in the apheresis group received a five-session
(one session per week) treatment with Adacolumn leukocytapheresis, and those in the steroid group were treated
with methylprednisolone. Concomitant therapy with oral
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5-ASA (2.4 g/d) was maintained in both groups. Patients
who achieved remission were clinically and endoscopically followed for 12 mo after the end of leukocytapheresis
or methylprednisolone therapy. Remission was achieved
in 73% of patients in the apheresis group vs 50% in the
steroid group. Leukocytapheresis was superior to methylprednisolone for the treatment of active UC, even though
no statistically significant difference was observed. After
a 12-mo follow up, a sustained remission was recorded
in 40% of patients in the apheresis group vs 25% in the
steroid group. Patients who had obtained remission after
a course of leukocytapheresis showed fewer relapses during the follow up compared to those treated with methylprednisolone. During leukocytapheresis, only a transient
mild headache was recorded in 10% of patients, whereas
side effects were observed in 50% of those treated with
methylprednisolone. The incidence of side effects in the
apheresis group was significantly lower than that in the
steroid group. Leukocytapheresis therapy seems able to
maintain the condition of remission for a longer time after a flare.

gest leukocytapheresis offers a therapeutic option in the
induction and the maintenance of remission in chronic
active UC.
In a prospective study by Cabriada et al[32], 18 patients
with steroid-dependent UC were treated with leukocytapheresis plus steroids after failure or intolerance to immunomodulators. Clinical and endoscopic examinations
were conducted at one month after the last apheresis session and at 12 mo. The clinical, endoscopic remission and
the relapse during the one-year follow-up were evaluated.
Clinical remission was achieved in 10 patients (55%) after
the treatment. At one year, sustained steroid-free clinical
remission was observed in nine patients (50%). A tendency for sustained remission at one year was observed
when initial endoscopic remission was achieved. These
results suggest that initial remission can be maintained
at one year in half of the patients without the need for
additional steroids. Complete remission and endoscopic
mucosal healing is proposed as an objective for achieving
a lasting response.
Cabriada et al[33] conducted a cohort study using a nationwide database in order to investigate short-term and
long-term efficacies of leukocytapheresis for the management of steroid-dependent UC. One hundred and fortytwo patients with steroid-dependent UC were treated
with Adacolumn leukocytapheresis therapy. At one
month after the last scheduled apheresis session, 68% of
patients achieved clinical response, including 37% with
steroid-free clinical remission. In the long-term, at six and
12 mo, 41% and 36% of patients were in clinical remission, respectively. Although this large-scale observational
trial is uncontrolled, it clearly shows that Adacolumn
leukocytapheresis allows long-term steroid-free clinical
remission in up to one third of steroid-dependent UC
patients.
Our recent study[34] was conducted to determine if the
introduction of Adacolumn leukocytapheresis at an early
stage reduces corticosteroid administration and steroid
dependency in the long-term. Twenty patients were treated with Adacolumn leukocytapheresis, with or without
corticosteroids (apheresis group), and 20 patients were
given corticosteroids without leukocytapheresis (steroid
group). During a five-year follow-up period, five patients
in the apheresis group did not require corticosteroids.
The mean dose of steroid administered during the five
years was significantly lower in the apheresis group than
in the steroid group (2141 mg vs 5443 mg). Furthermore,
the incidence of steroid-dependence was significantly
lower in the apheresis group at the end of the study (5%
vs 35%). In patients with first UC episode, Adacolumn
leukocytapheresis therapy at an early stage significantly
reduces steroid administration and steroid-dependency in
the long-term.

STEROID-SPARING EFFECTS OF
LEUKOCYTAPHERESIS
Leukocytapheresis could be an alternative treatment for
steroid-dependent UC. A number of clinical trials[30-34]
evaluated the steroid-sparing effects of leukocytapheresis
in patients with UC. Quantitative pooling of data was
not feasible due to the diversity of interventions and outcome measures among the studies.
In an RCT by Hanai et al[30], 69 patients with steroiddependent UC were assigned to receive Adacolumn
leukocytapheresis in addition to standard drug therapy
(apheresis group, n = 46) or prednisolone (steroid group,
n = 23). At week 12, 83% of patients in the apheresis
group achieved remission vs 65% in the steroid group.
During the 12 wk of treatment, the cumulative amount
of prednisolone received per patient was significantly
lower in the apheresis group than in the steroid group
(1157 mg vs 1938 mg). Adacolumn leukocytapheresis
therapy appeared to be an effective adjunct to standard
drug therapy of moderately severe UC by promoting remission and sparing steroids.
The therapeutic benefit of leukocytapheresis in the
maintenance of remission was additionally elucidated
in a randomized pilot trial by Emmrich et al[31]. Twenty
patients with chronic active UC were treated weekly with
Cellsorba leukocytapheresis for five weeks. A significant
decrease in the activity index was observed. Fourteen
patients achieved clinical remission, and mucosal healing was observed endoscopically in six patients. After
randomization these 14 patients in remission entered a
second period of either monthly leukocytapheresis (n = 8)
or no further treatment (n = 6). In both groups, steroids
were tapered down. After six months, five patients (63%)
in the apheresis group remained in remission vs one
patient (17%) in the control group. These results sug-
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TREATMENT COST OF
LEUKOCYTAPHERESIS
When selecting a treatment option, the cost must be an
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important factor. The cost of leukocytapheresis therapy
(approximately $ 1700 for one session with Adacolumn)
is much higher as compared with corticosteroids. However, if leukocytapheresis can spare patients from corticosteroids, and reduce the incidence of steroid-dependency,
hospitalization and surgery, it should be cost-effective.

16

CONCLUSION

17

Although the evidence level is not striking, the available
data suggest that leukocytapheresis can avoid or reduce
the use of corticosteroids in the management of UC.
Large, well-designed clinical trials are necessary to more
accurately evaluate the steroid-sparing effects of leukocytapheresis in the management of UC.
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Omega-3 fatty acids for the treatment of non-alcoholic fatty
liver disease
Matteo Nicola Dario Di Minno, Anna Russolillo, Roberta Lupoli, Pasquale Ambrosino, Alessandro Di Minno,
Giovanni Tarantino
[i.e., peroxisome proliferator-activated receptor (PPAR)
α, PPARγ, sterol regulatory element-binding protein-1,
carbohydrate responsive element-binding protein], impacts both lipid metabolism and on insulin sensitivity. In
addition to an enhancement of hepatic beta oxidation
and a decrease of the endogenous lipid production, n-3
PUFAs are able to determine a significant reduction of
the expression of pro-inflammatory molecules (tumor
necrosis factor-α and interleukin-6) and of oxygen reactive species. Further strengthening the results of the in
vitro studies, both animal models and human intervention trials, showed a beneficial effect of n-3 PUFAs on
the severity of NAFLD as expressed by laboratory parameters and imaging measurements. Despite available
results provided encouraging data about the efficacy of
n-3 PUFAs as a treatment of NAFLD in humans, welldesigned randomized controlled trials of adequate size
and duration, with histological endpoints, are needed
to assess the long-term safety and efficacy of PUFA, as
well as other therapies, for the treatment of NAFLD and
non-alcoholic steatohepatitis patients. It is worthwhile
to consider that n-3 PUFAs cannot be synthesized by
the human body and must be derived from exogenous
sources (fish oil, flaxseeds, olive oil) which are typical
foods of the Mediterranean diet, known for its beneficial
effects in preventing obesity, diabetes and, in turn, cardiovascular events. According to these data, it is important to consider that most of the beneficial effects of n-3
PUFAs can also be obtained by an equilibrate nutrition
program.

Matteo Nicola Dario Di Minno, Anna Russolillo, Pasquale
Ambrosino, Alessandro Di Minno, Giovanni Tarantino, Department of Clinical and Experimental Medicine, Regional Reference Centre for Coagulation Disorders, “Federico II” University,
80131 Naples, Italy
Roberta Lupoli, Department of Endocrinology and Oncology,
“Federico II” University, 80131 Naples, Italy
Author contributions: Di Minno MND and Russolillo A contributed equally to this paper; Di Minno MND performed the
manuscript design, searching strategy and manuscript preparation; Russolillo A performed the clinical studies and manuscript
preparation; Lupoli R provided the molecular mechanisms; Ambrosino P provided the animal models; Di Minno A performed
the bibliographic search; Tarantino G made critical revisions and
manuscript preparation.
Correspondence to: Matteo Nicola Dario Di Minno, MD, Department of Clinical and Experimental Medicine, Regional Reference Centre for Coagulation Disorders, “Federico II” University,
Via S. Pansini 5, 80131 Naples, Italy. dario.diminno@hotmail.it
Telephone: +39-81-7464323 Fax: +39-81-7464323
Received: March 30, 2012 Revised: June 8, 2012
Accepted: June 28, 2012
Published online: November 7, 2012

Abstract
Non-alcoholic fatty liver disease (NAFLD) has been
recognized as a major health burden. It is the most
important cause of chronic liver disease and a major independent cardiovascular risk factor. Lacking a definite
treatment for NAFLD, a specific diet and an increase
in physical activity represent the most commonly used
therapeutic approaches. In this review, major literature
data about the use of omega-3 polyunsaturated fatty acids (n-3 PUFAs) as a potential treatment of NAFLD have
been described. n-3 PUFAs, besides having a beneficial
impact on most of the cardio-metabolic risk factors (hypertension, hyperlipidemia, endothelial dysfunction and
atherosclerosis) by regulating gene transcription factors

WJG|www.wjgnet.com

© 2012 Baishideng. All rights reserved.

Key words: Hepatic steatosis; Non-alcoholic fatty liver
disease; Omega-3 polyunsaturated fatty acids; Animal
models
Peer reviewer: Alberto Piperno, Professor, Department of Clini-

5839

November 7, 2012|Volume 18|Issue 41|

Di Minno MND et al . PUFA in the treatment of NAFLD

result of an imbalance between pro-oxidant and antioxidant processes. In fact, the excess of intra-hepatic triglyceride induces high rates of mitochondrial β-oxidation,
with the consequent production of reactive oxygen
species (ROS), such as superoxide radical (O2•-) and hydrogen peroxide (H2O2). These reactive molecules, by
inactivating the apoptotic caspase system, determine necrotic cell death[17]. Moreover, the increase in pro-oxidant
activity is associated with a decrease in the antioxidant
potential (superoxide dismutase activity and glutathione
content)[13,18].
Following such an increase in pro-oxidant activity[12],
the progression from NAFLD to NASH is mediated by
the activation of different transcription factors, such as
sterol regulatory element binding protein 1c (SREBP1c), peroxisome proliferator-activated receptor γ (PPARγ)
and carbohydrate responsive element-binding protein
(ChREBP), which activate the expression of a series of
genes essential for lipogenesis[19-23].
Other mechanisms are involved in the pathogenesis
of NASH, such as increased secretion by the adipose
tissue of proinflammatory and prothrombotic adipocytokines [interleukin 6 (IL-6) and tumor necrosis factor α
(TNF-α)] and the reduced production of adiponectin,
a potent anti-inflammatory, insulin-sensitizing adipocytokine[24,25]. Inflammation is a component of the wound
healing process that leads to the deposition of extracellular matrix and fibrosis in the liver. There is much evidence supporting a central role for pro-inflammatory cytokines, particularly TNF-α and IL-6, in the development
of NASH. In fact, increased cytokines levels are found in
the liver and blood of patients with NASH[26], and their
inhibition improved NAFLD in animal[27] and human
models[28].
Considering their beneficial impact on cardiometabolic clusters (hypertension, hyperlipidemia, endothelial dysfunction and atherosclerosis)[29], n-3 PUFAs are emerging
as a potential treatment of liver steatosis. They cannot be
synthesized by the human body and, thus, must be derived from exogenous sources (fish oil, flax seeds, etc.).
n-3 PUFAs, especially eicosapentaenoic acid (C20:5n3,
EPA) and docosahexaenoic acid (C22:6n3, DHA), by
regulating gene transcription factors (i.e., PPARα, PPARγ,
SREBP-1, ChREBP), can control key pathways involved
in hepatic lipid metabolism[30,31]. In more detail, n-3 PUFAs are potent activators of PPARα, which up-regulates
several genes involved in the stimulation of fatty acid oxidation[32-35] and down-regulates pro-inflammatory genes,
such as TNF-α and IL-6[36]. Moreover, n-3 PUFAs activate
PPARγ, resulting in increased fat oxidation and improved
insulin sensitivity[37].
Besides enhancing hepatic beta oxidation, n-3 PUFAs can also decrease endogenous lipid production by
inhibiting the expression and processing of SREBP-1,
which, in response to increased glucose and insulin levels, stimulates the transcription of several lipogenic and
glycolytic genes[38-42]. Moreover n-3 PUFAs can inhibit
hepatic glycolysis and lipogenesis and suppress the ac-
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is defined as
pathological fat deposition in the liver cells of patients
with minimal or no alcohol intake and without any other
known cause. It encompasses a wide spectrum of liver
damage stages ranging from isolated hepatic steatosis or
simple fatty liver (FL), to non-alcoholic steatohepatitis
(NASH) or even cryptogenic cirrhosis and hepatocellular carcinoma. In more detail, about 10%-29% of individuals with NASH develop cirrhosis within 10 years[1],
and 4%-27% of NASH-induced cirrhosis can ultimately
progress to hepatocellular carcinoma[2]. NAFLD affects
10%-35% of the adult population[3] and, because of the
increasing incidence of obesity and of type 2 diabetes
mellitus, it has been recognized as a major health burden and as the most important cause of chronic liver
disease[4]. Overall, NAFLD is considered as the hepatic
expression of metabolic syndrome[5,6] and it is associated
with an increased risk of cardiovascular disease[7], along
with venous[8] and arterial thrombotic events[9]. On the
other hand, the impact of NAFLD on overall cardiovascular mortality is still widely challenged[7]. Nowadays,
there is no definite treatment for NAFLD and NASH,
as their physiopathology and natural history are not
completely understood. Indeed, treatment is based on
general approaches such as diet and physical activity[10].
The aim of this review is to describe major literature
data about clinical and pre-clinical studies evaluating the
effects of omega-3 polyunsaturated fatty acid (n-3 PUFAs) supplementation on NAFLD.

MOLECULAR MECHANISMS
The pathophysiology of NAFLD is multifactorial and
not completely understood. According to the “two-hit”
hypothesis[11], insulin resistance and visceral obesity promote the synthesis of fatty acids from glucose and inhibit
β-oxidation of fatty acids. The excess of fatty acids leads
to triglyceride synthesis and to their intrahepatic accumulation. Overall, these changes lead to FL (first hit), which
is a relatively benign clinical condition[12].
The increased levels of fatty acids and triglycerides
are associated with the production of free radicals[13,14],
which, by causing lipid peroxidation and activating proinflammatory and fibrogenic cytokines[15], lead to NASH
establishment (second hit)[16].
In particular, oxidative stress could be considered the
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tivity of ChREBP, another regulator of glycolytic, and
lipogenic genes, such as L-pyruvate kinase and fatty acid
synthase[43].
Forthcoming studies show a growing amount of other genes are involved in NAFLD pathophysiology and, in
turn, in the effect of n-3 PUFAs[44,45].

contrary, severe macrovesicular steatosis was found in
both standard lipid solution and saline diet groups. In the
same study, liver ischemia/reperfusion injury was evaluated by clamping vessels for 40 min. At 6 and 24 h from
reperfusion, n-3 PUFA treated rats showed lower alanine aminotransferase (ALT) serum levels, lower hepatic
TNF-α levels and a higher anti-oxidative capacity compared with both standard lipid solution and saline diet
groups. Overall, these findings suggest that n-3 PUFA
treatment both reduces hepatic steatosis and attenuates
hepatic ischemia/reperfusion injury in rats.
Other experimental studies analyzed further mechanisms by which n-3 PUFAs could impact on NALFD.
In particular, a diet enriched in n-3 PUFAs was shown
to improve insulin sensitivity, and reduce intrahepatic
triglyceride content and steatohepatitis, in both mice[56,59]
and rats[60,61] with fatty liver. Sekiya et al[59] exposed ob/ob
mice to a dietary supplementation of n-3 PUFAs, obtaining a down-regulation of the SREBP-1 gene and a
reduction of hepatic lipogenesis, with an improvement
of insulin-dependent metabolism (reduction of glucose,
insulin and free fatty acid serum levels).
Similarly, Levy et al[61] found that the “Quantitative
Insulin Sensitivity Check Index” was higher in fish oil
fed Fischer Rats than in the control animals. A possible explanation for these results comes from a murine
model, in which n-3 PUFAs supplementation in obese
mice induces an up-regulation of the genes involved in
insulin sensitivity (PPARγ), glucose transport (GLUT-2/
GLUT-4), and insulin receptor signaling (IRS-1/IRS-2)[37].
Apart from the effects on metabolic homeostasis, in
experimental NAFLD murine models, by influencing
the production of eicosanoids, prostaglandins, and of
leukotrienes, n-3 PUFAs also showed anti-inflammatory
properties[62].
Overall, these results suggest that n-3 PUFAs improve
insulin sensitivity and reduce markers of inflammation,
all major events in NAFLD development[37,62].
Moreover, n-3 PUFAs supplementation improves
hepatic steatosis in obese animals by modifying the genetic expression of key enzymes[63]. It has been shown
that n-3 PUFAs are the natural ligands of PPARα, which
modulates lipid metabolism in hepatocytes[64]. In fact,
by inducing the expression of proteins with peroxisome proliferator response elements in their promoting
region[64], PPARα regulates fatty acid binding and their
export in very low density lipoprotein[65,66]. In PPARα (-/-)
knockout animals, hepatic steatosis, which was minimal
under normal conditions, drastically increased after a fasting period. The absence of PPARα likely impaired mitochondrial β-oxidation in the liver during fasting, leading
to hepatic steatosis development[65]. Furthermore, there
is evidence from other studies that n-3 PUFAs reduce
hepatic ROS levels[67]. n-3 PUFAs seem to improve the
tolerance to oxidative stress, IRS-2 activity in the liver,
brain and uterus of rats[68]. Consequently, they may have
a potential protective role against ROS-induced oxidative
cellular damage in rat organs, especially in the liver. Re-

ANIMAL MODELS
A series of animal models have been used to study
NAFLD. Most of them found that fat intake and obesity
are strictly related to fatty liver development. In more detail, the Western lifestyle, with a high fat content diet and
sedentary behavior, was found to lead to liver damage in
animals[46,47]. Further models showed that the “cafeteria
diet” (a feeding regimen similar to fast food) is strictly
associated with NAFLD development and subsequent
hepatic necro-inflammatory changes in mice[37]. By evaluating the mechanisms by which diet impacts NAFLD
development, an increase in dietary cholesterol, sucrose
or fructose was found to induce hepatic lipogenesis in
mice through the up-regulation of SREBP-1 expression,
which stimulates the transcription of a series of lipogenic
genes[48-51].
After proving the strict relation between diet and
NAFLD, the effects of n-3 PUFAs were tested in a series
of animal models.
The first interesting data were that n-3 PUFAs depletion was found to promote steatosis and insulin resistance in rodents. Thus, rats fed with a low n-3 PUFAs
diet rapidly developed NAFLD[52,53]. In a recent study[54],
a drastic drop in n-3 PUFAs was induced by feeding
C57Bl/6J mice for 3 mo with a n-3 PUFAs depleted diet.
The animals showed insulin resistance and hepatic steatosis, which was associated with a decrease in fatty acid
oxidation. Compared to the animals following the control diet, which only differed in the n-3 PUFAs content,
analysis of the liver tissue revealed higher expression of
all enzymes involved in lipogenesis, as well as increased
expression and activation of SREBP-1. On the contrary,
supplementing the diet with n-3 PUFAs prevented or
reversed hepatic steatosis in animals. Recently, it has
been reported that rats fed with a high fat diet combined
with n-3 PUFAs supplementation were protected against
severe NAFLD development. In fact, significantly increased lipid peroxidation was seen in the group fed with
the same diet without n-3 PUFAs supplementation[55].
In a further experimental model to confirm the protective effect from NAFLD development in mice[56], n-3
PUFA administration was also found to reverse already
established hepatic steatosis in leptin deficient obese
mice[57].
Marsman et al[58] induced hepatic steatosis by a 3 wk
methionine/choline deficient diet in rats, and then administered n-3 PUFAs, standard lipid solution, or NaCl
for 2 wk. Compared with control animals receiving a
standard diet, n-3 PUFAs treated animals showed histological evidence of mild macrovesicular steatosis. On the
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cently, using the methionine/choline deficient model of
steatohepatitis, the effect of EPA, one of the most important long chain PUFAs, on hepatic fibrosis and ROS
production was investigated in rat livers. For the study
in question, steatosis was induced in 20 Wistar rats by
a 20 wk methionine/choline deficient diet, followed by
oral administration of EPA in 10/20 rats from week 12;
a time at which hepatic fibrosis was already established.
Control animals instead received a methionine/choline
sufficient diet. At histology evaluation, EPA treatment
was found to suppress hepatic fibrosis in liver sections,
with repressed macronodular formation and decreased
hepatic triglycerides content. EPA also suppressed the
increase of hepatic fibrogenic factors, such as α-smooth
muscle actin, TGF-β1, procollagen, and connective tissue growth factor. The attenuation of hepatic fibrosis
by EPA was significantly related to hepatic ROS levels.
EPA also suppressed increases in hepatic ROS levels and
reduced serum oxidative markers, such as 8-isoprostane
and ferritin[69].
All the aforementioned animal models show that
omega-3 depletion can promote steatosis and insulin
resistance. On the other hand, n-3 PUFAs supplementation, by inducing SREBP-1 up-regulation and lipogenic
genes expression reduction, improving glycemic control,
insulin levels and insulin sensitivity, reducing the oxidative
stress, and exerting an anti-inflammatory effect, is able to
prevent, or even at reverse, hepatic steatosis.

started on-top of a validated diet (Table 1). In this trial,
40 patients with NAFLD randomly received an American
Heart Association (AHA) recommended diet[73] plus n-3
PUFAs 2 g/d, or only the AHA diet, for 6 mo. Primary
outcomes included: changes in fatty liver severity assessed
by abdominal US, and liver ALT and triglyceride levels.
Interestingly, inflammatory and metabolic markers such
as TNF-α serum levels and insulin resistance assessed by
homeostatic model assessment (HOMA) were also evaluated in this study. At the end of the treatment, patients
who received diet plus n-3 PUFA supplementation had a
significant reduction in ALT (P < 0.01), triglycerides (P <
0.01), TNF-α (P < 0.05), and HOMA (P < 0.05) levels.
In addition, 33.4% of them showed a complete fatty liver
regression. On the contrary, none of the patients receiving the diet alone showed a complete regression of the
fatty liver. Indeed, this trial showed some design weaknesses, such as the lack of placebo and the lack of blindness of both participants and investigators. At variance
with the latter reported studies, enrolling relatively few
patients, Zhu et al[74] performed a randomized clinical trial
with a large sample size (Table 1). In 144 patients with
NAFLD and mixed hyperlipidemia, the efficacy of n-3
PUFA from seal oils was evaluated. Patients were randomly assigned to two groups of treatment: Group A received an AHA recommended diet[73] and 2 g of seal oils
(rich in EPA, DHA, and DPA) × 3/daily, while Group B
received the recommended diet and 2 g placebo × 3/daily. The treatment duration was 24 wk. Primary endpoints
were changes in ALT and serum lipid levels, symptom
scores (liver discomfort or pain, weakness, abdominal
distention, and nausea) and modifications in fatty liver
assessed by US. At the end of the treatment period, total
symptom scores, ALT and triglycerides levels decreased
more significantly (P < 0.01) in Group A than in Group
B. At the abdominal US, a normal liver echo pattern and
a significant liver steatosis improvement compared with
the baseline was found in 19.7% and 53.03% of patients
in Group A, respectively. On the other hand, in Group B
only 7.35% of subjects achieved complete regression (P =
0.04) and 35.29% had some degree of liver steatosis improvement (P = 0.04), with no change being observed in
the remaining 64.71% of patients in the group. It is noteworthy that some patients only on the diet ameliorated.
Although only having a small sample size of the population, the results of a study performed by Sofi et al[75] are
of particular interest. It aimed to assess the efficacy of
the administration of olive oil (rich in PUFAs) in patients
with NAFLD. As many as 6 subjects received 5 mL/d of
olive oil for 1 year, while 5 were selected as controls (Table
1). Outcome measurements were serum liver biochemistry, serum lipids, adiponectin levels, and the appearance
of the liver with US and Doppler investigation. In this
study, at variance with all the others, n-3 PUFAs were
administered in olive oil instead of in capsules. Thus, this
could be considered a “nutritional” rather than a “therapeutic” study. Since olive oil is one of the staples of the
Mediterranean diet, it is interesting to note that, at the

INTERVENTIONAL STUDIES
Although several clinical trials have been conducted, due
to a wide variability in treatment duration, and the different n-3 PUFAs doses and preparations used, the efficacy
of n-3 PUFAs in the treatment of NAFLD in humans
has not yet wholly defined. The first clinical trial (Table
1) providing encouraging evidence about the efficacy of
n-3 PUFAs in the treatment of NAFLD was performed
by Capanni et al[70]. They evaluated the efficacy of prolonged n-3 PUFAs supplementation in 56 patients with
an ultrasonographic (US) diagnosis of NAFLD. 1 g/d of
n-3 PUFAs was administered to 42 subjects for 12 mo.
The 14 subjects refusing the same treatment served as
controls. The primary outcome was the US appearance
of the liver, including a quantitative measurement of
fat storage on the basis of the Doppler perfusion index
(DPI)[71]. At the end of the treatment, subjects showed a
significant (P = 0.0001) improvement of NAFLD compared with controls. A concomitant increase of DPI,
proof of a hemodynamic improvement, was also reported in the treatment group, but not in the control group.
In addition, n-3 PUFA supplementation was associated
with a significant reduction of liver enzymes (P = 0.003),
fasting glucose (P = 0.02) and triglyceride (P = 0.02)
levels. However, it should be noted that this prospective
study has some limitations, such as the absence of blindness and randomization. In a subsequent study[72], the effectiveness of n-3 PUFAs supplementation was demon-
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Table 1 Summary of trials design and results
Ref.
Capanni et al[70]

Study design

Intervention

Population

Open-label

Oral
administration
of n-3 PUFA, 1-g
capsule/d for 12
mo

56 patients
with NAFLD
(42 subjects
receiving
therapy; 14
controls)

Spadaro et al[72] Randomized; AHA diet + 2 g/d 40 patients with
open-label n-3 PUFA (Group NAFLD (Group
DP) vs AHA diet
DP, n = 20;
(Group D) for 6 Group D, n = 20)
mo

Zhu et al[74]

Randomized AHA diet + 2 g/d 144 patients with
n-3 PUFA from
NAFLD and
seal oil (Group A) hyperlipidemia
vs AHA diet + 2g (Group A = 72;
of placebo (Group Group B = 72)
B) for 6 mo

Tanaka et al[77]

Sofi et al[75]

Open label

Randomized

EPA 2.7 g/d for
12 mo

23 patients with
biopsy proven
NAFLD

Dietary
11 patients
recommendation with NAFLD
+ 6.5 mL/d of
assessed by US
olive oil enriched (intervention
with n-3 PUFA
group, n = 6;
(0.83 g n-3 PUFA, control group, n
of which 0.47 g
= 5)
EPA and 0.24
g DHA) for 12
mo vs dietary
recommendation
alone
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Outcome measurements

Results

Comments

AST, ALT, GGT, TG, FG, n-6/ ↓AST (P = 0.003) and ALT (P
Limits of this
n-3, liver echo texture by US
= 0.002), ↓ GGT (P = 0.03), ↓
study are the
and liver perfusion by DPI TG (P = 0.02) and FG (P = 0.02)
absence of
in comparison with controls.
blinding and
Circulating arachidonate and n6: randomization,
n3 ratio was reduced (P = 0.0002, and the use for
and P = 0.0001 respectively) in comparison of a
treated patients. Improvement self-selected small
of liver echo texture (P = 0.0001), group consisting
and increase of DPI (P = 0.001) of those patients
who had been
declined entry to
the treatment arm
Liver fat assessed by
In DP group: ↓ ALT (P < 0.01),
Limits of the
abdominal US, ALT, AST, TG (P < 0.01), serum TNF-α (P < study are lack of
TNF-α serum levels, and
0.05) and HOMA (IR) (P < 0.05). placebo, and the
HOMA
Complete fatty liver regression non blinding of
in 33.4% of patients, and an
participants and
overall reduction in 50%;
investigators
In the D group: no significant
modification of laboratory tests;
no patient achieved complete
regression of fatty liver, whereas
some amount of reduction
occurred in 27.7% of patients
Liver fat assessed by
Group A vs Group B showed ↓
symptom scores, ALT and
of total symptoms score, ALT,
serum lipid levels after 8,
TG, LDL (P < 0.05); complete
12, 16, and 24 wk; fatty liver fatty liver regression in 19.7% vs
assessed by US at weeks 12
7.35% (P = 0.004);
and 24 after treatment
In both groups there was a
tendency in improvement in
AST, GGT, TCHO and HDL
levels (P < 0.05)
ALT, FFA, plasma soluble
↓ ALT, AST, TG, TCHO,
Limits of the study
TNF receptor 1 and 2 levels, HOMA-IR, plasma thioredoxin; are the absence of
and serum ferritin and
change in histological grade:
a control group
thioredoxin levels, body
steatosis: 2.4 (SD 0.5) vs 1.7 (SD and small sample
weight, blood glucose,
0.5); fibrosis: 1.7 (SD 1.1) vs 0.7
size
insulin, and adiponectin
(SD 0.5); lobular inflammation:
concentrations; fatty liver
2.1 (SD 0.7) vs 1.1 (SD 0.7);
infiltration assessed by
ballooning: 1.6 (SD 0.5) vs 0.9
histology
(SD 0.4); NAS: 6.1 (SD 1.3) vs 3.7
(SD 1.4); Hepatic steatosis grade
on the US changed from 2.1 ±
0.9 at baseline to 1.6 ± 1.1 after
treatment (P = 0.004)
Liver fat content assessed by Intervention group vs controls
B-mode US and DPI; liver
showed a ↓ of AST (P = 0.02),
enzymes, TG and adiponectin ALT (P = 0.03), GGT (P = 0.03),
levels
TG (P = 0.04) levels; ↑ of HDL (P
= 0.03), adiponectin (P = 0.04).
There was a significant (P =
0.02) improvement of DPI in
the intervention group, while
no change was observed in the
control group.
Improvement of liver steatosis
on US in the intervention group
(% of patients at T0 and T12):
absent (from 0% to 16.7%); mild
(from 16.7% to 50%); moderate
(from 33% to 0%); severe (from
50% to 33%)
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Nobili et al[78]

Randomized

Vega et al[79]

Open label

DHA 250 mg vs placebo: odds
of more severe vs less severe
steatosis (OR = 0.01, robust 95%
CI: 0.002 to 0.11, P < 0.001); ↑
of ISI (P < 0.01), ↓TG (P < 0.05);
ALT and SDS of BMI;
DHA 500 mg vs placebo: (OR =
0.04, 0.002 to 0.46; P = 0.01); ↑
of ISI (P < 0.01), ↓TG (P < 0.05);
ALT and SDS of BMI;
DHA 250 mg vs DHA 200 mg:
NS
22 patients
Liver fat content assessed by ↓ of plasma triglyceride level by
with previous
B-mode US and DPI; liver
46% (P < 0.03), VLDL + IDL by
elevated liver enzymes, TG and adiponectin 21% (P < 0.03), ApoB by 15% (P
fat on MRS
levels
< 0.03). Liver fat content 7.9%
(17 patients
pre-treatment; 8.0% after PUFA
completed the
(NS)
trial)

DHA (250 and
60 children
Primary: change in liver fat
500 mg/d) vs
with biopsycontent as detected by US;
placebo for 6 mo proven NAFLD
secondary: changes in ISI,
randomly
ALT, TG and BMI
assigned to
receive DHA
250 mg/d (n =
20), DHA 500
mg/d (n = 20) or
placebo (n = 20)

9 g/d of fish oil
for 8 wk

Causes of liver
disease other than
NAFLD were
not excluded and
alcohol intake was
not reported. It is
unclear whether
study participants
received any other
interventions such
as diet or lifestyle
advice

NAFLD: Non-alcoholic fatty liver disease; AST: Aspartate transaminase; ALT: Alanine transaminase; GGT: γ-glutamyl transpeptidase; TG: Triglycerides;
FG: Fasting glucose; US: Ultrasonographic; DPI: Doppler perfusion index; AHA: American Heart Association; PUFA: Polyunsaturated fatty acid; TNF:
Tumor necrosis factor; HOMA: Homeostatic model assessment; IR: Insulin resistance index; TCHO: Total cholesterol; HDL: High-density lipoprotein; MRS:
Magnetic resonance spectroscopy; VLDL: Very low density lipoprotein; ISI: Insulin sensitivity index; EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic
acid; DPI: Doppler perfusion index; BMI: Body mass index; SDS: Standard deviation score; NS: Not significant.

definitive conclusions. In another study[78], in which the
diagnosis of NAFLD was confirmed by biopsy, 60 children were randomly assigned to receive DHA 250 mg/d,
DHA 500 mg/d or placebo (Table 1). The duration of
treatment was 6 mo. The main outcome was the change
in liver fat content as detected by US. After 6 mo, DHA
supplementation was associated with lower odds of severe steatosis compared to a placebo. In addition, for
the groups treated with DHA, where no effects on ALT
values were found, there was an improvement of insulin
sensitivity and triglycerides levels. Thus, this prospective
study showed that, following this therapeutic regimen,
both US and metabolic feature improvement occurred.
Therefore, Vega et al[79] evaluated the efficacy of n-3
PUFAs on serum and hepatic triglycerides levels, the latter assessed by magnetic resonance spectroscopy (Table
1). Of the 22 patients enrolled, 17 completed the trial.
They received a placebo for 4 wk, followed by an 8 wk
treatment with 9 g/d of fish oil. Treatment with fish oil
significantly reduced the levels of plasma triglycerides by
46% (P < 0.03), very low-density lipoprotein plus intermediate density lipoprotein cholesterol by 21% (P < 0.03),
and total apolipoprotein B by 15% (P < 0.03). In contrast
to the changes in plasma triglycerides, hepatic triglyceride
content was not significantly reduced by fish oil treatment.
In conclusion, NAFLD may be considered the hepatic expression of metabolic syndrome [5] which, in
turn, predisposes to cardiovascular events. It is known
that n-3 PUFAs have many beneficial effects on most of
the metabolic syndrome features. In this regard, there is
evidence suggesting that n-3 PUFAs are able to reduce

end of treatment, patients showed a significant (P < 0.05)
improvement in liver echo-texture and DPI, a significant
improvement of liver enzymes, and triglycerides (P =
0.04) and adiponectin levels (P = 0.04).
In the aforementioned studies, the lack of a liver
biopsy for the diagnosis of NAFLD may hamper the relevance of their findings. However, in spite of its inherent
operator-dependence, abdominal US analysis is currently
thought to provide reliable, careful information about
hepatic steatosis. This limits the need for liver biopsy
for the diagnosis of NASH and to determine the severity of hepatic fibrosis[76]. Moreover, despite its inherent
limitations, US analysis has been validated against histopathological specimens, as well as other imaging methods, for the diagnosis of liver steatosis[76]. In this regard,
studies in which the effects of n-3 PUFAs on NAFLD
are supported by histology or MRI findings have been
also performed. Tanaka et al[77] enrolled 23 patients with
biopsy proven NASH. They received 2.7 g of EPA daily
for 12 mo (Table 1). Outcome measurements were serum
liver biochemistry, appearance on US, and liver histology
(graded using the NAFLD activity score). All patients
completed the trial and showed a significant improvement of laboratory markers of hepatic oxidative stress.
The mean US steatosis degree improved significantly
and, in 6 out of 7 patients who underwent repeated
biopsy, steatosis, inflammation and fibrosis, resulted in
significantly reduced levels. Although this was the first
human study of n-3 PUFAs fatty acids to have histological data, which are the most valid outcome measurement,
the absence of randomization, controls and blindness,
along with the small sample size, do not allow us to draw
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blood pressure[80,81] and that they have favorable effects
on plasma lipids levels[82]. In addition, n-3 PUFAs also
showed anti-platelet and anti-inflammatory properties
which help to explain their cardio-protective effects[29,82].
Most of the available clinical trials provide encouraging
data about the efficacy of n-3 PUFAs as a treatment of
NAFLD in humans[9].
In keeping with this, in the era of poly-pills for coronary heart disease prevention, drugs with multifaceted
mechanisms of action should be taken into serious
consideration[82]. On the other hand, it is worthwhile to
consider that a significant amount of n-3 PUFA is contained in fish and in olive oil. All these are typical foods
of the Mediterranean diet, which exhibits well known
beneficial effects and is able to prevent obesity, diabetes
and, in turn, cardiovascular events[83]. For individuals eating low amounts of fish, a 500 mg/d EPA+DHA consumption is recommended in the absence of any type of
cardiovascular disease, the suggested dosage being at least
800-1000 mg/d for those with coronary heart disease or
congestive heart failure[82].
According to these data, it is important to consider
that most of the beneficial effects of n-3 PUFAs can also
be obtained by an equilibrate nutrition program.
Well-designed randomized controlled trials of adequate size and duration, with histological endpoints, are
needed to assess long-term safety and efficacy of PUFA,
as well as other therapies for the treatment of NAFLD
and NASH patients. Thus, while waiting for further data,
current nutritional recommendations about daily intake
should be strictly taken into consideration.
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Abstract
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Cytokines are indispensable signals of the mucosaassociated immune system for maintaining normal gut
homeostasis. An imbalance of their profile in favour of
inflammation initiation may lead to disease states, such
as that is observed in inflammatory bowel diseases
(IBD). Although Crohn’s disease (CD) is often described
as a prototype of T-helper 1-type diseases, and ulcerative colitis (UC) is traditionally viewed as a T-helper
2-mediated condition, the classic paradigm, which
categorises cytokines into pro- and anti-inflammatory
groups, has recently been changed. The inflammation
regulatory pathways may not be mutually exclusive
as individual cytokines can have diverse and even opposing functions in various clinical and immunological
settings. None the less there are many common immunological responses in IBD that are mediated by
cytokines. Although they regulate and influence the development, course and recurrence of the inflammatory
process, the concrete pathogenic role of these small
signaling molecules is sometimes not unambiguous in
the subtypes of the disease. Our aim is to review the
current information about pro- and anti-inflammatory
effects of traditionally studied and recently discovered
cytokines in the pathogenesis of UC and CD. The better
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INTRODUCTION
The balance of pro- and anti-inflammatory cytokines in
the colonic mucosa is essential for normal gut homeostasis. A disturbance of the cytokine profile in favour of
pro-inflammatory cytokine overproduction leads to disease states, such as that observed in inflammatory bowel
diseases (IBD)[1,2].
The concept that ulcerative colitis (UC) and Crohn’s
disease (CD) are two distinct forms of IBD has been
changed recently. Instead, they are considered as a spectrum from mildly inflamed mucosa to severely active
bowel inflammation with or without extraintestinal manifestations and different clinical behaviour.
CD is often described as a prototype of T-helper
(Th) 1-mediated diseases because the primary inflamma-
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cells[10-12]. For the expression of the biological effect of
IL-33 the binding to its receptor, IL-1 receptor like 1 (also
known as ST2), is required[10]. IL-33 has a pathogenic
role in allergy[13], airway inflammation[14] and rheumatic
diseases[15]. Based on the results of Schmitz et al[10], IL-33
appears to reconstitute mucosal barrier defences against
luminal pathogens, increasing epithelial protection by
mucus secretion and augmenting immune response via
type 2 helper T cell (Th2)-related cytokines, such as IL-5
and IL-13. In 2010, elevated expression of IL-33 in UC
was reported by four independent groups[16-19]. In active
UC, the expression of the full-length, biologically active
form of IL-33 is markedly increased in epithelial cells
and in the infiltrating macrophages and B-cells of the
lamina propria, while in the serum only the cleaved form
of IL-33 is detectable[18]. This latter possesses reduced
biological activity[20] therefore leading to the speculation
that the presence of extracellular proteases has the ability to inactivate full-length IL-33 preventing possible
harmful effects (i.e., anaphylactic shock) triggered by
high levels of circulating IL-33[21].
Similarly to IL-33, the expression of its receptor, ST2,
was shown to be increased in both colonic wall and serum of IBD patients[16]. Although the epithelial-derived
ST2 expression is decreased and redistributed in IBD[20],
a marked infiltration of ST2 expressing antigen presenting cells and Th cells is present in the lamina propria and
perivisceral adipose tissue[18]. The same epithelial expression of ST2 was not detected in non-IBD colitis samples, such as diverticulitis or infectious colitis[18]. Regarding the colon, the IL-33/ST2 axis could have a dual and
perhaps dichotomous role in the pathogenesis of IBD.
Pro-inflammatory cytokine stimuli, such as TNF-α and
IL-1β, and signals from pathogen-associated molecular
patterns result in an increased IL-33 level in epithelial
cells. After epithelial damage the released IL-33 may enhance the immune responses via ST2 expressing immune
cells, therefore exacerbating the severity of inflammation[20,22]. Thus, it is tempting to speculate that the blockade of IL-33 during UC may help to reduce the severity
of the disease.
In line with the activation of inflammation IL-33,
partly come from endothelial cells, may also act on ST2
expressing epithelial cells and myofibroblasts, promoting
wound healing and angiogenesis[20,23].

tory mediators are the Th1 cytokines such as interleukin
(IL)-12, interferon (IFN)-γ, and tumor necrosis factor
(TNF)-α[3,4]. However, UC is usually viewed as a Th2type condition because of the increased intestinal expression of the Th2-associated cytokine IL-5 and IL-13,
although a clear association with IL-4, another deﬁnitive
Th2 cytokine, has never been established[3,4]. The role of
pro-inflammatory cytokines such as IL-1α, IL-1β, IL-2,
-6, -8, -12, -17, -23, IFN, or TNF in IBD is associated
with the initiation and progression of UC and CD. Cytokines with anti-inflammatory effects, like IL-4, -10, and
partly IL-13 also contribute to the pathogenesis of IBD,
decreasing the inflammatory process by down-regulating
pro-inflammatory cytokine production.
However, this classic paradigm has recently been
changed. These pathways may not be mutually exclusive
as individual cytokines can have diverse and even opposing functions in various clinical and immunological settings[4].
Although many common immunological responses
in IBD are mediated by cytokines, the concrete pathogenic role of these small peptide molecules is sometime
not unambiguous in the subtypes of the disease. Therefore we aimed to review the current information about
pro- and anti-inflammatory effects of traditionally studied and recently discovered cytokines in the pathogenesis
of UC and CD. Controlling their expression, production
and functional activity is an approach that may allow the
development of more efficient and less harmful therapeutic strategies.

CYTOKINES WITH PRO-INFLAMMATORY
EFFECTS IN ULCERATIVE COLITIS
The IL-1 family
The cytokines of the IL-1 family play a major role in
several autoimmune inflammatory diseases, including
IBD[5]. IL-1 represents two structurally distinct forms:
IL-1 α and IL-1 β . For both IL-1 α and - β , the most
significant and relevant properties are the initiation of
cyclooxygenase type 2, inducible nitric oxide synthase
and phospholipase A2, which are produced by various
cell types[6]. Endogenous IL-1 receptor antagonist (IL1Ra), a natural occurring antagonist of IL-1, regulates
normal immune homeostasis in the gut[1]. The increase
of the IL-1/IL-1Ra ratio is parallel with the activity of
colitis, while the IL-1/IL-1Ra ratio remains constant in
the non-affected part of the colon and in non-IBD inflammatory controls[7]. The main source of IL-1 in IBD
is the monocyte/macrophage system as it can activate
the IL-1 converting enzyme, therefore active IL-1β is
released into the colonic mucosa[8].
IL-33, as known as IL-F11, is the newest identified
member of the IL-1 family[9,10]. It has been detected in
several different cell types such as myofibroblasts, adipocytes, smooth muscle cells, endothelial cells bronchial
and intestinal epithelial cells, macrophages and dendritic

WJG|www.wjgnet.com

The TNF superfamily
The TNF protein superfamily consists of 18 type 2
proteins that exist in either membrane-bound or soluble
forms[24]. Receptors for these ligands are type 1 transmembrane proteins[25]. Binding of TNF-like ligands to
their receptors triggers intracellular pathways that are
directly involved in cell proliferation, differentiation, and
survival[26]. Most members of the TNF/TNF-receptor
protein superfamilies are expressed on immune cells
and play a critical role in multiple components of the
immune response, including defence against microor-
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IL-8
IL-8, a small basic heparin-binding protein, is a member
of the cysteine-amino acid-cysteine chemokine family
(2 cysteines are separated by a single amino acid in the
first 2 of the 4 conserved cysteine residues)[43]. It primarily mediates the activation and migration of neutrophils
into tissue from peripheral blood. In a recent study[44],
the tissue level of IL-8 was found to be higher in active
UC compared to normal colonic tissue, and its serum
concentration was also related to endoscopic and histological severity of UC. Based on these results, IL-8
seems to be a reliable biomarker, closely related to disease activity, but its pathogenic role in the initiation and
maintain of colitis needs to be further studied.

ganisms, inflammation, programmed cell death, and the
development of the immune system[24-26].
TNF-α is a master cytokine in the pathogenesis if
IBD[27]. It exerts its pleiotropic effects through the expression of adhesion molecules, fibroblast proliferation,
procoagulant factors, as well as the initiation of cytotoxic, apoptotic, and acute-phase responses[28]. It also has
the ability to increase IL-1β, IL-6, and IL-33 production
as well as modulate ST2 expression in epithelial cells[18,29].
The source of TNF-α in IBD is partly the innate immune cells, such as macrophages or monocytes, and also
differentiated Th1 cells[30]. The serum levels of TNF-α
correlate with the clinical activity of UC and CD[31]. Its
orchestrating role in colonic inflammation established
the basis of anti-TNF-α antibody therapy in IBD.
Tumor necrosis factor-like factor (TL1A), another
newly discovered member of the TNF family, stimulates
IFN-γ secretion by binding to death receptor 3 (DR3)[32].
DR3 is expressed by a high percentage of cells from
mucosal biopsies of UC and CD, and an increase of
IFN-γ level has been observed with disease activity in
IBD patients[32]. Although TL1A seems to be involved in
intestinal epithelial cell apoptosis in IBD[30], its concrete
role in UC pathogenesis still remains unknown.

The IL-12 family
IL-12, IL-23, IL-27 and IL-35 belong to the IL-12 family
of pro-inflammatory heterodimeric cytokines and comprise IL-12p40/IL-12p35, IL-12p40/IL-23p19, EpsteinBarr virus-induced gene 3 (EBI3)/IL27p28(IL-30) and
IL12p35/EBI3 subunits[45-48].
IL-12 and IL-23 are mainly produced by antigen
presenting cells, dendritic cells and phagocytes[49]. Their
receptors are also heterodimeric[49].
IL-12 receptor (IL-12R) is expressed mainly on T
cells, natural killer (NK) cells and natural killer T (NKT)
cells[49]. IL-12 expression is elevated in the mucosa of
UC patients and it correlates with disease activity[50].
Recently, the basic leucine zipper protein, NFIL3, was
shown to be a regulator of IL-12p40 in macrophages
and mucosal immunity[51]. Interactions of macrophages
with the colonic microbiota induce NFIL3 to limit their
inflammatory capacity.
IL-23 promotes the differentiation of naïve CD4+
T cells into Th17 cells[52]. The production of IL-23 by
the cells of innate immunity is a response to patternrecognition-receptor (toll-like- and nucleotide oligomerization domain-like receptors) stimulation or endogenous
signals, indicating a potential role for T cells in reinforcement of the IL-23 response[53]. The pathogenic role of
IL-23 receptor (IL-23R) polymorphisms in UC may
result in part from its wide distribution among other immune cells. IL-23R is expressed by NK cells, NKT cells,
CD4+ T cells and CD8+ T cells[54]. It is possible that
some of the disease-associated polymorphisms observed
in the IL-23R gene region may influence IL-12RB2 expression, given their adjacent location on the genome[55].
The regulation of IL-23R and IL-12RB2 expression has
a key role in the regulation of T cell differentiation.
Although in most colitis mouse models IL-23 plays a
pro-inflammatory role, in 2,4,6-trinitrobenzene sulfonic
acid (TNBS)-induced colitis, which is T cell mediated,
IL-23 functions as an anti-inflammatory cytokine because it suppresses IL-12 production[56,57].
There is a strong link between IL-23 and Th17 response in vivo. It appears that IL-23 is not necessary

The IL-6 family
IL-6, IL-11, IL-31, leukemia inhibitory factor, oncostatin
M, cardiotrophin-1, ciliary neurotrophic factor, and
cardiotrophin-like cytokine belong to the IL-6 family of
cytokines.
IL-6 is an immunoregulatory cytokine that activates
a cell surface signaling assembly composed of IL-6,
soluble IL-6 receptor (sIL-6R), and the shared signaling
receptor gp130[33-35]. The combination of IL-6 and sIL6R only stimulates gp130 expressing cells, a mechanism
that is called trans-signalling. IL-6 signaling via signal
transducer and activator of transcription-3 (STAT3)
plays an important role in UC pathogenesis, moreover in
carcinogenesis of UC-associated colorectal cancers[36].
Mitsuyama et al[37] found that sIL-6R levels were significantly increased in patients with active UC and CD
compared with inactive disease. Thereby, serum IL-6 and
sIL-6R levels correlated strongly with C-reactive protein
levels.
Besides mononuclear cells, intestinal epithelial cells
are supposed to contribute to IL-6 production in the
lamina propria[38,39]. Recent data have shown interesting
new aspects of epithelial function[40]. It was demonstrated in Caco2 cells that IL-6 induces NF-kappaB activation and then enhanced expression of the intercellular
adhesion molecule 1, which is important in IBD pathogenesis and most likely in extraintestinal manifestations
of the disease[41,42].
Based on these data, the blockade of IL-6/STAT3 signaling and the use of anti-IL-6R antibodies have been suggested as promising therapeutic approaches for the future.
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for the initiation of Th17 cell differentiation but it is
required at a crucial point in controlling the Th17 response[57]. IL-23 signaling is primarily mediated through
the adapter molecule, STAT3. STAT3 was also shown
to be essential in the Th17 response, as it binds to the
Il-17a gene promoter and mediates IL-23-regulated expression of IL-17A, the main effector cytokine of Th17
cells. In lack of IL-23, a decrease in the accumulation of
Th17 cells appears in response to inflammatory stimuli,
suggesting a regulatory role of IL-23 in Th17 cell response[57,58]. Besides Th17 cell differentiation, IL-23 also
influences the development of regulatory T cells (Tregs)
by suppressing Foxp3 expression[59,60]. IL-23 reduces the
frequency of Foxp3+ Tregs in the colon and is dispensable for the pathogenesis of mucosal inflammation in the
lack of Tregs[61].
The main source of the newly discovered IL-35 is
the Tregs[48]. Recently, it has been shown[62] that IL-35
controls the development of T-cell-dependent colitis in
mice models, suggesting the potential in targeting IL-35
for patients with chronic intestinal inflammation. The
role of IL-35 in the pathogenesis of human IBD needs
to be further investigated.

tor result in significant epithelial healing, supporting the
aforementioned hypothesis[67-69].
Recently, it was also shown that IL-13 signaling
through IL-13Rα2 led to the increase of transforming
growth factor (TGF)-β1 production, which favours to
the progression of colonic wall fibrosis[70,71].
The IL-17 family
IL-17, which is mainly produced by Th17 cells, is acting
as a key mediator in delayed-type immune reactions by
increasing chemokine production and recruiting monocytes and neutrophils to the inflammatory site[72]. After
sequencing the human genome 6 structurally related isoforms of the IL-17 family were described: IL-17A (also
known as IL-17), IL-17B, IL-17C, IL-17D, IL-17E (also
known as IL-25), and IL-17F[73]. IL-17A and IL-17F
share 55% homology, which is the highest amongst the
family members, but IL-17F has significantly weaker activity than IL-17A[57]. There are more receptors for IL-17
(i.e., IL-17RA, IL-17RC), widely expressed by epithelial
cells, endothelium or fibroblasts, and it is supposed that
the different receptors show different affinity for IL-17s
and different signaling pathways[74].
Although the main source of IL-17A is the Th17 cells,
CD8+ T cells are also able to produce this cytokine during
chronic inflammation[57]. However, a causative relationship
between UC and IL-17A remains controversial.
In most of IL-17A knock out mice dextrane sulfate
sodium (DSS) treatment failed to result in a typical acute
colitis[75], and after the administration of TNBS, the TNBS-induced colitis was attenuated in the IL-17RA knock
out animals[76]. These data support the pro-inflammatory
role of IL-17 in colitis models.
On the other hand, O’Connor et al[77] demonstrated
IL-17A-mediated protection in the CD45RBhi transfer
model of colitis. An accelerated wasting disease elicited
by IL-17A-/- CD45RBhi CD4+ T cells correlated with
higher expression of genes encoding Th1 type cytokines
in colon tissue. Furthermore, IL-17RA-/- T cells elicited
an accelerated wasting disease in Rag1-/- recipients. Their
findings support the observation that surprisingly IL17A can mediate protective function rather than pathology in experimental colitis. Additionally, they have also
identified T cells as not only the source but also a target
of IL-17 in vivo.
In humans, it was recently shown that IL-17 levels
were increased in UC compared to healthy colonic mucosa, but in the most reliable studies in which protein
rather than messenger RNA was measured this increase
was found to be far less than that found in CD[78].
Since different results were obtained from different studies, it will be important to clarify the source and
function of IL-17A in the pathogenesis of UC.
IL-25 was shown to inhibit CD14+ cell-derived cytokines, mainly IL-12 production and Th1 cell-driven
experimental colitis in mice, suggesting its potential
therapeutic role in both UC and CD[79].

IL-13
UC has been traditionally considered as a Th2 mediated
disease, in which IL-13 was identified as an important
effector cytokine[63]. The mRNA expression of IL-13 in
UC mucosa is increased[64], and ex vivo cultured lamina
propria mononuclear cells from UC patients secrete
significantly higher amounts of IL-13 upon stimulation than those from both healthy controls and CD patients[63]. The critical cell population for IL-13 secretion
is CD161+ NKT cells, producing IL-13 in response to
stimulation by CD1d+ antigen presenting cells in UC[63].
The functional importance of NKT cell-derived
IL-13 in UC has been studied in detail. It was shown
that both receptors of IL-13, IL-4Rα and IL-13Rα2,
were expressed in colonic epithelial cells, which proves
the ability for functional IL-13 signaling in UC[65]. The
UC-specific CD161+ NKT cells show cytotoxic activity
against colon epithelium, which effect is, at least partially, dependent upon functional IL-13[63]. IL-13 was also
shown to exert pernicious effects on epithelial barrier
function by increasing epithelial cell apoptosis, unmaking tight junction integrity, and decreasing restitution
velocity[65]. Based on these results, it was hypothesized by
Fuss et al[66] that stimuli from commensal flora-derived
microbial products stimulate CD161+ NKT cells to
produce IL-13 in the colonic mucosa. Then, the downstream effects, such as the cytotoxic activity of NKT
cells, the IL-13 induced epithelial cell apoptosis, and
the disruption of tight junctions, culminate to epithelial
injury. In active UC, the suppression of IL-13 production by interferon-β1 administration or the inhibition of
STAT6, a key adaptor molecule in IL-13 signaling, by
small interfering RNA or a histone deacetylase inhibi-
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IL-5 and IL-21
IL-5, as known as eosinophil differentiation factor, is a
selective eosinophil activating growth hormone and a
member of the common β-chain-dependent cytokine
family. The source of mucosal IL-5 is the mononuclear
cells, which produce a high amount of this cytokine in
active UC but not in CD[3,65]. IL-5 together with IL-13
and granulocyte/monocyte colony stimulating factor have been recognized as activators of eosinophil
function, including migration to the site of inflammation[80]. Though IL-5 seems to have a regulatory role in
eosinophil recruitment in UC mucosa, the role of this
cytokine in priming of the blood eosinophils is not as
obvious[81,82]. There is no enhanced IL-5 production of
circulating lymphocytes in UC, which indicates that in
addition to IL-5 other factors may be involved in the
priming of blood eosinophils in IBD.
IL-21 is a T cell derived member of the common
γ-chain-dependent cytokine family, acting as a maintainer
of the Th1 mediated inflammation in the colonic epithelium by inducing IFN-γ production[83]. In IBD, IL-21
is mostly produced by CD4+ lamina proprial T cells
coexpressing IFN-γ and follicular T cells[84,85]. The number of these cells is higher in CD than UC[84]. Based on
the recent results, IL-21 inhibits Treg differentiation and
leads to the resistance of CD4+ T cells to Treg-mediated
immune-suppression, therefore enhances the inflammatory process[85].

The mutations of the IL-10 pathway genes such as
Il-10 1q32 or Stat3 17q21 have also been shown to be associated with UC[92,93].
IL-19 is associated with the pathogenesis of both
Th1 and Th2 mediated diseases[94]. IL-19 produced by lipopolysaccharide activated macrophages suppresses proinflammatory cytokine release, especially the secretion of
TNF-α, IL-6 and IL-12 by an IL-10 independent way[95].
IL-19 deficient mice are susceptible to DSS-induced
colitis[94]. In a recent study, it was shown that IL-19 polymorphisms (rs2243188 and rs2243193) might have a
protective role in the development of UC[96]. Although
these results are promising, the exact role of IL-19 in
IBD needs to be further studied.
IL-22 has elevated levels in both serum and mucosa
of active CD[97], but it has been recently proven that it
has a protective role in DSS-colitis murine model of UC
by inducing mucin membrane bound production by goblet cells[98]. In humans, the mucosal level of IL-22 was
found to be elevated in active UC compared to inactive
disease or healthy control samples[99]. It was also recently
published, that after Trichuris trichiura therapeutic selfinfection, the active UC went into remission, and IL22-producing Th cells accumulated in the mucosa[100]. It
seems that this kind of helminthiasis may reduce symptomatic colitis by promoting goblet cell hyperplasia and
mucus production through Th2 cytokines and IL-22.
TGF-β and IL-4
TGF-β has multiple biological effects on both hematopoietic and nonhematopoietic cells[101]. Binding of
TGF-β to its receptor, TGF-βRII, phosphorylates smaand mothers against decapentaplegic-related protein
transcription factors that have primarily immunosuppressive function[101]. Genetic mutations in TGF-βRII are
linked to UC and UC-associated cancer in humans[102],
and mice lacking TGF-β responsiveness in epithelial
cells or T lymphocytes develop severe intestinal inflammation[103,104].
In human UC patients, IL-33 expression is highly upregulated within the colonic mucosa and IL-33-deficient
mice are protected from DSS-induced colitis [10,17,19].
Recent data [105] show that CD68TGF- β DNRII mice,
lacking normal TGF-β signaling, produce high levels of
IgE and IL-33 within the colon following oral DSS administration. One source of IL-33 in these mice was the
intestinal macrophages, which demonstrates that TGF-β
serves as an anti-inflammatory factor via suppressing
the production of IL-33. This may be an important
mechanism that could partially explain the reason how
mutations in TGF-βRII in humans are associated with
increased risk for UC and UC-associated neoplasias[106].
IL-4, an anti-inflammatory cytokine, is a stimulatory
factor for B and T cells, and has an immunosuppressive effect in the colon[107,108]. IL-4 and IL-10 are able to
down-regulate inflammatory mediators including TNF-α
and IL-1 and favour a humoral immune response[109]. In

CYTOKINES WITH ANTI-INFLAMMATORY
EFFECTS IN ULCERATIVE COLITIS
The IL-10 family
IL-10 may be considered the most important antiinflammatory cytokine in humans, secreted by CD4+
Th2 cells[86]. During the last two decades, a range of cytokines related to IL-10 were discovered, making IL-10
the founding member of the type II cytokine family that
includes IL-19, IL-20, IL-22, IL-24, IL-26, IL-28 and
IL-29[87].
IL-10 inhibits antigen presentation and the release
of pro-inflammatory cytokines, hereby attenuates the
inflammatory process in the mucosa. It is expressed by
many cells of the innate and adaptive immune system.
The former triggers IL-10 expression in a toll-like receptor (TLR)-dependent and a TLR-independent way. The
major sources of IL-10 are macrophages and dendritic
cells[88]. Regarding the adaptive immune system, Th2 cells
primarily promote humoral immunity express IL-10[88].
The key role of IL-10 within the colonic mucosal
immune system has been extensively studied in IL-10
knockout mice models[89]. In UC, IL-10 mRNA expression was found to be highly increased in mucosal T cells,
and the IL-10 production of Tregs is also important in
the pathogenesis of IBD[59,90]. A subset of IL-10 and
TGF-β1 producing B cells, namely the regulatory B cells
(Bregs), are involved in UC pathogenesis as well[91].
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The TNF superfamily
The role of TNF-α in CD has been widely investigated[120-122]. Binding TNF-α to serum soluble TNF receptor
1 and 2 (sTNFR1 and 2) initiates pro-inflammatory signaling. The levels of sTNFR1 and 2 are elevated in CD
sera compared to both UC and normal controls, hence it
can be used as a marker for disease activity and discriminatory factor between the two subtypes of IBD[123,124].
It was recently demonstrated that TNFR1-signaling
cascade in colonic myeloid lineage cells contributes to
the suppression of acute damage-associated mortality
presumably by controlling colonic epithelial cell homeostasis[125].
The central pro-inflammatory role of TNF-α has
substantiated the use of anti-TNF-α antibodies in the
treatment of CD[126].
The TL1A/DR3 system is also involved in the
pathogenesis of CD[32]. The macrophages of the lamina
propria are a major producer of TL1A, which expression is markedly enhanced in CD compared with UC or
normal colon[127]. Kamada et al[127] found that TL1A and
IL-23 synergistically promotes the production of IFN-γ
and IL-17 by mucosal T cells, while TL1A alone does
not induce cytokine production. Furthermore, they have
also shown that TL1A promotes Th17 differentiation
from naïve T cells by mucosal macrophages; however,
IL-23 did not show any synergistic effects on Th17 differentiation.
TNF ligand superfamily, member 14 (TNFSF14,
also known as LIGHT) is a type II membrane protein
that forms a biologically active homotrimer, which can
be cleaved into a soluble form or exist in an intracellular form with deleted transmembrane region and not
displayed on the cell surface[128,129]. The human intestinal
mucosa may be a primary site for LIGHT-mediated
pro-inflammatory activity, which shows a correlation
with disease activity[128]. In CD, it was shown that IFNproducing CD4+ lamina propria T cells express LIGHT
mediating a Th1 response[128]. As several data from transgenic mouse models[130,131] indicated that LIGHT-dependent inflammation selectively targeted the intestine, the
mucosal specificity of LIGHT-mediated inflammation
could have significant pathological implications in human CD, which needs further investigation.

proctitis, the combined effects of IL-4 and IL-10 were
shown to shift the Th1/Th2 cell activation in favour of
a Th2-type response[109], which eventually ameliorated
mucosal healing.
In T-cell receptor- α chain-deficient (TCR- α -/-)
mice, anti-IL-4 monoclonal antibody treatment altered
the cytokine profile of CD4+ ββ T cells (a subset of
CD4+ Th2-type cells) from dominant Th2 to Th1 type,
resulting in the prevention of mucosal inflammation in
TCR-α -/- mice[110]. The treatment of peripheral blood
mononuclear cells form active UC and CD patients
with IL-4 in vitro resulted in significant decrease of the
vascular endothelial growth factor (VEGF) production
of these cells, which suggests that the known defective
immunosuppressive role of IL-4 in IBD may contribute
to the pathogenesis of inflammation by VEGF mediated
mechanisms[111].

CYTOKINES WITH PRO-INFLAMMATORY
EFFECTS IN CROHN’S DISEASE
The IL-1 family
Similarly to UC, the IL-1 system plays an important role
in the pathogenesis of CD. The IL-1/IL-1Ra ratio is in
line with the activity of CD[7]. In a recent study using
phage display technology, a short peptide (TCP-353)
was identified from the blood mononuclear cells of CD
patients which specifically binds to CD sera and stimulates the pro-inflammatory responses (IL-1β, IL-6 and
TNF-α) of CD mononuclear cells[112]. This novelty may
have diagnostic, pathogenic and therapeutic significance
with regard to the treatment of CD.
IL-18, another member of the IL-1 family, was
originally described as an important Th1 cell polarizing
cytokine[113]. The level of IL-18 is increased in the inflamed mucosa of a subgroup of CD patients[114,115]. The
balance between this pleiotropic pro-inflammatory cytokine and its natural inhibitor, IL-18-binding protein (IL18BP), may contribute to the pathogenesis of IBD[116].
IL-18 is localized to lamina proprial cells and intestinal
epithelial cells, suggesting that both groups of cells may
be involved in the complex events occurring in CD[114].
In the presence of IL-18, mucosal T cells from active
CD have been shown to produce less IL-10 than control
tissue[117]. Recombinant IL-18 alone is able to induce a
significant proliferative response in mucosal lymphocytes
of active CD, moreover a synergy between IL-18 and
IL-12 in macrophages may regulate driving of mucosal
lymphocytes toward a Th1 response[118,119].
Leach et al[116] found that IL-18, produced in the colons of children with CD, contributes to the local inflammatory changes. They showed that systemic IL-18 level
is a possible and useful indicator of disease activity. Furthermore, free IL-18 was found to be greatly elevated in
CD children, suggesting that compensatory increases in
IL-18BP are insufficient. Further exploration of the role
of IL-18 in the pathogenesis of CD is now required.
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The IL-6 family
The IL-6/STAT3 signaling system plays a key role in
the pathogenesis of CD. The circulating levels of IL-6
and sIL-6R is in correlation with the activity of the disease[132]. The pathogenic role of IL-6-sIL-6R system in
mediating the resistance of T cells to apoptosis in CD
was proved by blocking IL-6 trans-signaling[133].
Subepithelial myofibroblasts can also be a source of
mucosal IL-6 in CD. It was recently demonstrated that
the increased production of IL-6 synthesis related to
the oxidative state, suggesting redox regulation with the
involvement of extracellular signal-regulated kinase 1/2
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and p38 mitogen-activated protein kinase activation[134].
Based on these data, IL-6 may have an influence not just
on the chronic inflammatory process, but on relapses
occurring in the pathology of CD.

munity. In CD, dendritic cells of myeloid origin were
found to produce a higher amount of IL-23 and a lower
amount of IL-10, when stimulated with exogenous bacterial derivative, moreover they induced a dysregulated
Th1/Th17 immune response in mixed lymphocyte reaction than it is in UC and normal control[78].
Similarly to UC, different results were obtained from
different studies; therefore it will be important to clarify
the source and function of IL-17 in the pathogenesis of
CD.

The IL-12 family
As it is in UC, the expression of IL-12 is up-regulated in
active CD mucosa as well, and its level is in correlation
with disease activity[50]. Because of the elevated levels
of IL-12p40 and IL-12Rβ2 in the early phase of CD,
it is suggested that IL-12 is primarily involved in the
early induction of Th1 polarization of naïve T cells[135].
However, the expansion and maintenance of Th1 cell
response in the colon requires additional signals. The IL12-dependent synthesis of IFN-γ of the mucosal T cells
can be enhanced by cytokines that signal through the
common γ-chain receptor (i.e., IL-7, IL-15, IL-21)[136].
IL-23 also has an elevated mucosal level in CD[137].
Based on the results from mouse studies with targeted
deletion of either the IL-12/p35 or IL-23/p19 subunit,
it is suggested that IL-23 and not IL-12 is essential for
manifestation of intestinal inflammation occurring in
IL-10-deficient mice [138]. The IL-23-driven intestinal
inflammation seems to be mediated by IL-17 and IL-6
production. It needs to be further investigated whether
the harmful effect of IL-23 on the ongoing mucosal inflammation occurs only in the absence of IL-10-related
regulatory effects.
IL-27 is a newly described, heterodimeric member
of the IL-12 family[47]. It was proved by in vitro studies
that IL-27 is mainly produced by activated monocytes
and dendritic cells, it induces the proliferation of naïve
CD4+ T cells and synergizes with IL-12 for IFN-γ production[47].
The mucosal expression of IL-27p28 was shown to
correlate with the activity of disease in both UC and
CD[137]. Particularly, IL-27p28 and EBI3 transcripts have
shown to be significantly elevated only in active CD[137].

IL-21
IL-21 is significantly overexpressed in CD mucosa[141].
IL-21 is generated mainly by CD4+IFN-γ-producing T
cells[84]. In contrast, only a small fraction of IL-21 producing CD4+ T-cells co-express IL-17A, thus indicating
that, in humans, IL-21 is produced preferentially by Th1
rather than Th17 cells. Activation of CD4+ T-lymphocytes from normal colon with anti-CD3 antibody and
exogenous IL-12 increases the proportion of IL-21secreting Th1 cells, whereas blockade of endogenous
IL-12 in CD mucosal cell cultures significantly reduces
IL-21 production[142]. On the other hand, blocking IL-21
in cells from CD with antibodies or soluble receptor fusion proteins inhibits IL-17A and IFN-γ production[142].
It was also found that intestinal epithelial cells and
subepithelial fibroblasts constitutively express IL-21R
and respond to IL-21 by inflammatory molecule secretion. Following IL-21 stimulation, colonic fibroblasts
secrete large amounts of matrix metalloproteinase 1 and
3, enzymes involved in mucosal injury of CD[143,144].

CYTOKINES WITH ANTI-INFLAMMATORY
EFFECTS IN CROHN’S DISEASE
The IL-10 family
IL-10 plays a pivotal anti-inflammatory role in CD. An
inactivation of IL-10 resulted in an increased production
of the pro-inflammatory IL-12 and IFN-γ in mice[145]. In
humans, the inflamed mucosa and granulomas of CD
show low IL-10 levels[146]. It was also recently described
that endogenous IL-10 constrains Th17 cell development through the control of dendritic cells’ IL-1 production, which reaffirms the crucial anti-inflammatory
role of IL-10 in patients with CD[147].
On the contrary, the level of IL-22 is elevated in CD
mucosa and serum[98]. It was shown that IL-23R genotypes have an effect the serum concentrations of IL-22,
which links genetic CD susceptibility to Th17 cell function[97].
Regarding IL-22, a new regulatory pathway was recently described in CD[148]. The aryl hydrocarbon receptor (AhR) may represent a link between the environment
and the mucosal immune system. AhR is a transcription
factor which is activated by a large number of environmental factors[148]. It has been recently shown that muco-

The IL-17 family
In humans, the mucosal level of IL-17 levels is highly
elevated in active CD[78]. Recently, it has been shown
that in CD patients increased numbers of circulating
IL-17 and IFN-γ-producing CD161+ memory cells are
present, and these cells constitute a high percentage of
colonic mucosal cells[139]. In addition, CD patients have
increased numbers of circulating IL-23R expressing T
cells, which respond to IL-23 with increased production
of IL-17, IL-22 and IFN-γ, which is further increased by
the presence of IL-1β. Moreover, these cells express gut
homing receptors CCR6 and β7-integrin, which makes
them to be programmed to recruit into the lamina propria during inflammation[140]. Based on these results,
Th17 cells producing both IL-17 and IFN-γ are identified as important elements in the inflammatory response
in CD.
Dendritic cells are crucial in inducing acquired im-
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Table 1 The disease-related immunological and pathological effects of cytokines
Ulcerative colitis
Interleukin-1 family

IL-1
IL-18

Crohn's disease

Inflammation induction
NI

IL-33

Mucosal T cell IL-10 secretion ↓
Th1 response ↑
NI

Reconstitute mucosal barrier defence
Epithelial mucus secretion ↑
Th2-response ↑
Wound healing and angiogenesis ↑
Tumor necrosis factor TNF-α
Adhesion molecules expression ↑
Initiates pro-inflammatory signaling
Fibroblast proliferation ↑
superfamily
Procoagulant factors level ↑
Initiation of cytotoxic, apoptotic, and acute-phase responses
IL-1β, IL-6, IL-33 production ↑
Modulates epithelial cell ST2 expression
TL1A
IFN-γ secretion ↑
IFN-γ, IL-17 production ↑
Modulates epithelial cell apoptosis
Th17 differentiation ↑
LIGHT
NI
Mediates Th1 response and mucosa specific inflammation
Interleukin-6 family IL-6
Involved in colitis-associated carcinogenesis
Mediates T cell resistance to apoptosis
Possible role in extraintestinal manifestations
Influences of disease relapse
Interleukin-8
IL-8
Mediates the activation and migration of neutrophils
NI
Interleukin-12 family IL-12
Modulates macrophage activity
Early induction of Th1 polarization of naïve T cells
IFN-γ of the mucosal T cells
IL-23
Promotes Th17 cell differentiation
IL-17 and IL-6 mediated intestinal inflammation
Controlling Th17 response
Influences Treg cell development
Number of mucosal Treg cells ↓
IL-27
Proliferation of naïve CD4+ T cells ↑
IFN-γ production ↑
IL-35
Possible controlling of T-cell dependent inflammation
NI
Interleukin-13
IL-13
Induces cellular cytotoxicity against colonic epithelium
NI
Epithelial cell apoptosis ↑
Tight junction integrity ↓
Epithelial restitution velocity ↓
Colonic wall fibrosis ↑
Interleukin 17 family IL-17
Pro- and anti-inflammatory effects
IL-17, IL-22, IFN-γ production ↑
Enhance T cell recruitment into the lamina propria
IL-25
Possible inhibition of IL-12 secretion
NI
Possible promotion of Th1-driven inflammation
Interleukin-21
IL-21
Maintainer of Th1-mediated inflammation
Required for IL-17A and IFN-γ production
Inhibits Treg cell differentiation
Fibroblasts MMP secretion ↑
CD4+ T cell resistance to Treg-suppression ↑
Interleukin-5
IL-5
Activates eosinophil function and migration
NI
Interleukin-10 family IL-10
Inhibits antigen presentation
Constrains Th17 cell development
Pro-inflammatory cytokine release ↓
IL-19
TNF-α, IL-6, IL-12 secretion ↓
NI
IL-22
Goblet cell hyperplasia ↑
Promotes mucosal healing
Mucus production ↑
Interleukin-4
IL-4
TNF-α, IL-1 production ↓
NI
Humoral immune response ↑
Mucosal healing ↑
Monocyte/macrophage VEGF production ↓
Transforming growth TGF-β
Possible suppression of IL-33 production
Collagen synthesis ↑
Regulates the balance between matrix-degrading MMPs and
factor-β
their inhibitors
IL-13 expression ↑
EMT ↑
IL: Interleukin; TNF: Tumor necrosis factor; IFN: Interferon; TL1A: TNF-like factor; TGF-β: Transforming growth factor-β; LIGHT: Lymphotoxins, exhibits
inducible expression, and competes with herpes simplex virus glycoprotein D for herpesvirus entry mediator, a receptor expressed by T lymphocytes; MMP:
Matrix metalloproteinase; VEGF: Vascular-endothelial growth factor; EMT: Epithelial-to-mesenchymal transition; NI: (possibly) Not invloved in pathogenesis.

TGF-β
TGF-β is thought to be an inhibitory key cytokine of
immunological homeostasis and inflammatory responses.
On the other hand, TGF-β is also a potent profibrogenic
agent inducing collagen synthesis and regulating the bal-

sal T cells and NK cells isolated from active CD biopsies
express low levels of AhR and respond to AhR ligands
with decreasing pro-inflammatory cytokine production
and up-regulating IL-22[149]. Hereby, the changing mucosal cytokine profile promotes mucosal healing.
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Ulcerative colitis

Crohn's disease

Pro-inflammatory

IL-5, IL-8, IL-13,
IL-25, IL-33, IL-35

IL-1, TNF-α, TL1A, IL-6, IL-12,
IL-17, IL-21, IL-23

IL-18, IL-27, LIGHT

IL-10, IL-22
IL-4, IL-19
Fibrosis
IL-13, TGF-β
Anti-inflammatory

Figure 1 The disease-related pathogenic role of cytokines with pro-inflammatory, anti-inflammatory and pro-fibrogenic effects in ulcerative colitis and
Crohn’s disease. LIGHT: Lymphotoxins, exhibits inducible expression, and competes with herpes sipmlex virus glycoprotein D for herpesvirus entry mediator, a receptor expressed by T lymphocytes; IL: Interleukin; TNF: Tumor necrosis factor; TL1A: TNF-like factor; TGF-β: Transforming growth factor-β.

ance between matrix-degrading matrix metalloproteinases and their inhibitors[150]. It has a role in CD-related
fibrosis, as changes in TGF-β signaling and matrix metalloproteinase production were identified in the mucosa
overlying strictures[150].
It was also shown that TGF-β induces IL-13 expression and epithelial-to-mesenchymal transition of intestinal epithelial cells, while IL-13 promotes the expression
of genes associated with cell invasion[151]. Based on these
data, it seems that TGF-β and IL-13 play a synergistic
role in the pathogenesis of CD-associated fistulae[151],
which has therapeutic consequences.

lish language editing.
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Crohn’s and colitis in children and adolescents
Andrew S Day, Oren Ledder, Steven T Leach, Daniel A Lemberg
gations are essential to ensure prompt diagnosis, the
reby avoiding the consequences of diagnostic delay.
Patterns of disease including location and progression
of IBD in childhood differ substantially from adultonset disease. Various treatment options are available
for children and adolescents with IBD. Exclusive
enteral nutrition plays a central role in the induction of
remission of active Crohn’s disease. Medical and surgical
therapies need to considered within the context of a
growing and developing child. The overall management
of these chronic conditions in children should include
multi-disciplinary expertise, with focus upon maintaining
control of gut inflammation, optimising nutrition,
growth and quality of life, whilst preventing disease or
treatment-related complications.
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Abstract
Crohn’s disease and ulcerative colitis can be grouped
as the inflammatory bowel diseases (IBD). These
conditions have become increasingly common in recent
years, including in children and young people. Although
much is known about aspects of the pathogenesis
of these diseases, the precise aetiology is not yet
understood, and there remains no cure. Recent data has
illustrated the importance of a number of genes-several
of these are important in the onset of IBD in early life,
including in infancy. Pain, diarrhoea and weight loss
are typical symptoms of paediatric Crohn’s disease
whereas bloody diarrhoea is more typical of colitis in
children. However, atypical symptoms may occur in
both conditions: these include isolated impairment
of linear growth or presentation with extra-intestinal
manifestations such as erythema nodosum. Growth
and nutrition are commonly compromised at diagnosis
in both Crohn’s disease and colitis. Consideration of
possible IBD and completion of appropriate investi
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INTRODUCTION
Crohn’s disease (CD) and ulcerative colitis (UC) comprise
the inflammatory bowel diseases (IBD). These chronic
conditions affecting the gastrointestinal tract are becoming
increasingly common. At present there is an incomplete
understanding of the causation of CD and UC. Although
children and adolescents can be diagnosed with IBD at
any age, the second decade of life is the most common
period. From diagnosis these children face a lifetime of
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diagnosis in the second and third decades of life[7]. In
childhood, rates of IBD increase from the first year of
life, with highest rates in teenage years. Around 25% of
all diagnoses of IBD are made in the first two decades
of life[8,9]. A family history of IBD is more commonly
elicited in children with IBD than in adults[7].
Generally UC is found to be more common than
CD in the preschool age group, whilst CD is three times
more frequent than UC in older children in many case
series[10,11]. There is also a slight male preponderance
(1.5:1) in prepubescent patients with CD as opposed to a
slight female preponderance in adults[2].
Although the incidence and prevalence of IBD varies,
there is overwhelming data showing increasing rates in
many areas of the world[12,13]. In more recent years, an
increasing incidence has been observed in countries that
traditionally did not report IBD, such as Taiwan, China
and other Eastern countries[14]. In addition, children of
families migrating from the developing world to the
developed world have increased rates of IBD[15]. There
is also clear evidence that the incidence of IBD in the
paediatric population is increasing, especially for CD.
Benchimol et al[16] observed an increased incidence rate
of paediatric CD in the Canadian province of Ontario
from 9.5 to 11.4 per 100  000 per annum over an 11 year
period to 2005; however the incidence of UC in this
period remained unchanged (4.1 to 4.2 per 100  000). In
Australia, recent Victorian studies clearly show increasing
rates in children, with a greater than 10-fold increase
in CD over the 30 year period to 2001[17]. In addition,
an eleven-fold increase in paediatric UC was seen in
the same area, with particular increases over the most
recent two decades[18]. It is unclear why IBD has become
more common over the last decades: suggested factors
include changes in lifestyle, diet, urbanisation and other
environmental changes.

illness, with many potential consequences and effects.

CROHN’S AND COLITIS
IBD is characterised by chronic inflammation of the
intestinal tract with variable periods of remission and
exacerbation. Traditionally IBD is thought of as the two
major clinical subtypes (CD and UC). However, it can
also be seen as a heterogeneous group of disorders of
intestinal inflammation[1].
Classically, UC involves disease that extends pro
ximally for a variable distance from the rectum, with
involvement of the superficial layers of the colonic
mucosa. Pediatric cohort studies show that pancolitis
is the most frequent presentation of UC in childhood,
with few children having isolated proctitis [2,3]. This
finding contrasts greatly with the disease patterns seen in
adults with UC[2]. Furthermore, those children without
pancolitis at diagnosis commonly have extension of
disease to involve the whole colon over the subsequent
years.
In contrast to UC, CD is characterised by transmural
inflammation in a non-contiguous pattern (so-called
skip lesions), anywhere from the mouth to the anus.
Disease distribution of CD differs between children and
adults[2]. In paediatric CD, the ileocolonic region is the
most common location of disease. Disease limited to
the colon is less frequently seen, and isolated terminal
ileal disease is uncommon, occurring in less than 10%
of children[2]. Involvement of the gut proximal to the
terminal ileum occurs in more than half of children
with CD, with common areas being the stomach and
duodenum[2,4]. Aphthoid or serpiginous ulceration are
particular endoscopic features of CD: other features
such as friability, oedema, granularity and loss of vascular
markings, may be seen in both UC and CD.
One particular histological feature of CD is noncaseating granuloma located in the inflamed mucosa.
Perianal disease, including multiple large anal tags,
perianal abscesses, non-healing deep fissures or fistulas,
is a feature of CD, but not of UC. The inflammatory
changes in CD may be complicated by stricturing or
fistulising disease, with progression in many patients
towards these phenotypes over time[5].
The term IBD-unclassified (IBDU) refers to those
patients with chronic bowel inflammation whose pattern
of disease is not clearly able to be classified as CD or UC.
Over the course of the disease, IBDU is often reclassified
as either CD or UC as the pattern and features of
inflammation evolve. IBDU is more commonly reclassi
fied as UC than CD[6]. The term indeterminate colitis,
however, should be reserved for the situation where,
following colectomy and histopathological examination
of the colon, the distinction between UC and CD
remains unclear[6].

PATHOGENESIS OF IBD
The most accepted hypothesis for the pathogenesis of
IBD is that interactions between the gut luminal contents
(especially the intestinal microflora) and the mucosa lead
to dysregulated inflammation in a genetically-predisposed
host. A wide range of microorganisms have been con
sidered as potential causative agents for IBD. These
include Mycobacterium paratuberculosis, Listeria monocytogenes,
Novel Burkholderiales and Escherichia coli subtypes[19,20].
It is also speculated that viral agents may play roles in
the development of IBD [21]. Recently, a small study
conducted in Finland focused on faecal detection of
viral agents in a group of 50 children being evaluated
for possible IBD (33 were diagnosed with IBD whilst 17
were shown to not have IBD)[22]. Viral agents were not
detected in the IBD group-but were present in 3 of the
control group.
There is not yet clear data to support a role for any
one of these organisms as the primary factor in the aeti
ology of IBD. Our recent work has focused upon several
mucous-associated organisms, including members of the

EPIDEMIOLOGY
IBD can present at any age, with the peak age range of
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Helicobacter and Campylobacter families[23,24]. Although these
studies show that such organisms are commonly present
at the time of diagnosis of IBD, it is unclear if they have
a causative role.
Some of the most exciting recent developments in
our understanding of the pathogenesis of IBD have been
in the field of genetics. A decade ago, NOD2/CARD15
was identified as the first susceptibility gene for CD[25].
NOD2 is a member of a family of intracellular proteins
that respond to bacterial proteins and contribute to host
defence[26,27]. In one large study 50% of patients with CD
were found to have at least one NOD2 gene mutation,
with 17% having a double mutation[28]. Those patients
with 2 mutations were characterised as having a younger
age of onset, more frequent stricturing disease, and less
frequent colonic involvement, suggesting a link with
earlier onset of disease. NOD2 mutations are present at
the same rates in patients with UC as in controls and are
also not seen in non-European populations, such as in
Japan, India and South Korea[29-31]. Furthermore, NOD2
mutations are not associated with early onset of disease
in children of Ashkenazi background[32]. Tumour-necrosis
factor (TNF)-α promoter gene mutations were, however,
associated with early onset in this group of children.
In more recent years, a number of other genes have
been shown to be important for IBD-most in CD but
some in UC. A recent transatlantic collaboration scanned
a cohort of 3426 childhood-onset IBD patients and
identified 5 new loci associated with paediatric IBD[33].
In 2010, a multi-national collaboration identified many
further loci implicated in CD, bringing the total of loci
identified to 71[34]. Mutations in the interleukin (IL)-10
receptor were recently shown in a group of infants with
very early onset of severe and treatment resistant disease.
Mutations in the coding for one of chains of the IL-10
receptor were identified: this change renders the patients’
cells unresponsive to the anti-inflammatory effect of
IL-10[35]. A recent review article highlighted the find
ings of two paediatric gene wide association studies[36].
Although emphasising key genetic pathways common
to adult-onset disease, these studies also identified novel
regions associated with early-onset disease, including
genes encoding IL-27. The relevance of these potential
links was recently outlined in a hypothesis article[37]. In
addition, a current prospective study (www.neopics.org)
focusing on genetic influences on children aged less than
6 years of age should further define key aspects in this
group.

gastrointestinal symptoms. For instance, oesophageal in
volvement may lead to odynophagia and dysphagia whilst
perianal presentation may include pain, discharge or a
mass. Recent studies suggest that fewer children have the
so-called classical symptoms, and that children may have
a range of presenting features (including atypical symp
toms) including abdominal pain, diarrhoea, short stature
or weight loss[2,38]. Some children presenting with atypi
cal or non-gastrointestinal symptoms may have delayed
recognition and diagnosis. Although many of the gastro
intestinal symptoms seen in paediatric IBD are similar to
those reported in adults, particular features in children
include linear growth failure and pubertal delay.
Despite its name, IBD is not limited to the bowel.
Up to 30% of patients will develop an extra-intestinal
manifestation (EIM) at some point during their lifetime[39].
The most common EIM in children are arthritis (axial or
peripheral), cutaneous changes (e.g., erythema nodosum
and pyoderma gangrenosum), eye diseases (such as
episcleritis and uveitis that occur in approximately 1%
of patients with IBD) and liver disease[40]. Hepatobiliary
complications can take the form of primary sclerosing
cholangitis, autoimmune hepatitis or overlap syndrome[40].

IMPACT OF IBD UPON GROWTH AND
NUTRITION IN CHILDREN
Weight loss, or lack of weight gain, is a presenting feature
in 85% of children with CD and at least 65% of children
with UC[7]. This impairment of weight is predominantly
a result of decreased oral intake due to anorexia, early
satiety, nausea or pain. In addition to compromised
weight, linear growth may also be impaired at diagnosis
or subsequently[41]. These consequences are primarily
related to the systemic circulation of pro-inflammatory
cytokines, such as TNF-α and IL-6. IL-6 influences the
activity of key proteins, including insulin-like growth
factor (IGF)-1, and interferes with the effects of growth
hormone and other key pathways[42].
An additional consequence of nutritional impairment
and elevated levels of cytokines is delayed pubertal
development. Given that many children present in the
pre-pubertal or peri-pubertal period, pubertal delay can
be of significant concern and importance. Failure to
adequately induce disease remission at this crucial stage
can have significant consequences such as missed or
delayed pubertal growth spurt and reduced final height,
abnormal bone mineralisation, and maintenance of
prepubertal sex hormone levels[38].
Children with IBD can also have micronutrient de
ficiencies. The most common of these are iron, vitamin
D, vitamin B12, calcium and zinc. In a cohort of children
with IBD from Sydney, Australia, only 40% had normal
Vitamin D status [43]. Lack of Vitamin D along with
inadequate calcium intake (and also vitamin K deficiency)
contributes adversely to bone health. Since 90% of peak
bone mass is attained during childhood and adolescence,
failure to attain maximal potential may increase future

PATTERNS OF PRESENTATION OF IBD IN
CHILDREN
Children with IBD may present with a range of symp
toms, depending on the location, severity and chronicity
of inflammation. Classically, CD most commonly pres
ents with pain, diarrhoea and weight loss, whilst UC most
commonly starts with bloody diarrhoea[38]. Children with
distinct disease locations may present with other defined
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fracture risk[44]. Underlying systemic inflammation is an
independent detrimental influence on bone health[44].
Sylvester et al[45] have shown low mean bone mineral
density (BMD) scores in children with IBD and also
demonstrated that BMD scores are associated with body
mass index and IL-6 levels.

thirds of children with CD, findings in this region may be
sufficient firstly to make a diagnosis of IBD or secondly
assist in differentiating between CD and UC[4].
Baseline investigations should also include an ass
essment of the small bowel[50]. The vast length of the
small bowel is not accessible to standard endoscopy. An
increasingly preferred method to view the small bowel is
a small bowel series magnetic resonance imaging, which
can provide detail of the extent of inflammatory changes
through the mucous without radiation exposure[51]. This
has largely supplanted the small bowel meal and followthrough as a tool to assess the small bowel. Capsule
endoscopy also has an increasing role, with this modality
able to identify superficial and smaller mucosal lesions[52].
Other potential modalities include white-blood cell scans,
positron emission tomography scans and ultrasound
scanning[53-55]. CT scanning, however, is rarely required
in children and adolescents (and is generally discouraged
due to potential cumulative radiation exposure).

APPROACH TO POSSIBLE IBD IN
CHILDREN
Diagnostic pathways begin with the consideration of
possible IBD as an important first step. A suggestive
history of gut symptoms may be present, but children
may present with atypical symptoms. Examination
findings of weight loss, chronic disease (e.g., clubbing) or
extra-intestinal features of IBD (e.g., erythema nodosum)
may be detected. Weight and height should be accurately
measured and plotted on an appropriate growth chart.
Previous growth data should be obtained from the child’s
health records and parental heights should be recorded to
calculate mid-parental height.
Exclusion of other potential pathologies, especially
enteric infections, is important. Several stool cultures
should be requested to exclude an enteric infectious cause
in children presenting with diarrhoea and/or abdominal
pain, with inclusion of less common organisms such as
Yersinia and Aeromonas. Stool can also be sent for faecal
markers of inflammation-these include the presence
of faecal white cells, stool α-1-antitrypsin, lactoferrin
and calprotectin (where available). S100A12, another
non-invasive marker of gut inflammation shows high
sensitivity and specificity in differentiating between
children with IBD and non-IBD conditions[46]. Noninvasive tests such as calprotectin and S100A12 may also
have roles in disease monitoring after diagnosis[47].
Blood tests should be requested for full blood count
(especially Hb, platelets, and white count), erythrocyte
sedimentation rate (ESR), C-reactive protein, albumin and
liver chemistry. Further baseline assessment should include
iron studies, B12/folate levels and vitamin D. Serum
based markers of systemic inflammation may be helpful
in children with IBD, but exclusion of the diagnosis can
not be made with normal tests. A recent North American
study suggests that normal bloods (platelets, ESR, albumin
or Haemoglobin) may be seen in 21% of mild CD, 54%
of mild UC and 4% of more severe CD or UC[48]. The
addition of specific serological tests (ASCA, ANCA and
pANCA) to a standard diagnostic approach is shown to
improve and enhance diagnostic yield[49].
If IBD is suspected on the basis of history, exa
mination findings and/or the results of preliminary
tests, then further investigations should be arranged.
Definitive diagnosis relies on endoscopic and histologic
findings, often supported by radiologic findings. Upper
gastrointestinal endoscopy and ileo-colonoscopy should
both be undertaken in any child or adolescent with
suspected IBD, along with multiple mucosal biopsies[50].
As an upper gut location of IBD is present in at least two
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MANAGEMENT OF IBD IN CHILDREN
Although the key concept in the management of IBD is
inducing and maintaining remission, the pervasive effects
of IBD in children mean that holistic care is essential,
with consideration of multiple aspects of the condition
and its complications. Provision of these management
aspects in a child (and family) focused multi-disciplinary
team setting is optimal to ensure superior outcomes.
In terms of control of gut inflammation, the ma
nagement principles are to induce remission (control
inflammation) and to then maintain remission. Although
remission can be considered at clinical (relief of symptoms)
and biochemical levels (normalisation of systemic markers
of inflammation), histological remission (normalisation
of histologic changes or mucosal healing) is seen as the
ideal goal of therapy. Therapies to induce remission
(e.g., corticosteroids or exclusive enteral nutrition) can be
considered separately to those utilised to maintain remission
[e.g., amino-salicylates (ASA) or immunomodulators such
as thiopurines].
Whilst corticosteroids have traditionally been utilised
to induce remission in active IBD, there is increasing
support and rationale for exclusive enteral nutrition (EEN)
in paediatric CD. EEN involves the sole administration
of a nutritional formula, with exclusion of normal diet,
for a period of up to 8 wk[56,57]. EEN has remission rates
equivalent to those of CS, but has numerous advantages
such as avoiding steroid-related side-effects and in addition
leads to superior rates of mucosal healing[58]. Antibiotics
(especially metronidazole and/or ciprofloxacin) may have
roles in mild luminal or perianal CD. Aminosalicylates
may have particular roles in inducing remission in mild
to moderate active UC. Tacrolimus[59] or cyclosporin may
have a role in the management of severe colitis, whilst
biologic drugs (such as infliximab) have roles in the
induction of remission of severe disease.
ASA drugs have roles in the maintenance of remission
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of UC, and although often also used for maintenance in
CD, they are not as well supported for this by available
evidence. Steroids and antibiotics do not have roles in
the maintenance of remission of IBD in children. The
immunosuppressive drugs have defined roles in the
maintenance of remission of IBD in children. Thiopurines
(azathioprine or 6-mercaptopurine) are typically used
first: methotrexate tending to be used in the setting of
thiopurine failure or intolerance[60]. Early commencement
of thiopurines in moderate-severe disease leads to less
steroid requirement, more prolonged remission and better
growth[61]. Other drugs (such as thalidomide, tacrolimus
or mycophenolate) may play a role in maintenance of
remission. Supplementary nutrition can also have a role
in maintaining remission in CD, but the subgroup most
likely to benefit from this approach has not yet clearly
been defined[57].
Biological therapies have clear roles in the induction
of remission in severe disease and in the subsequent
maintenance of disease with ongoing dosing. The efficacy
and safety of both infliximab[62] and adalimumab[63] has
been considered in children and adolescents.
In addition to the current standard therapies, nu
merous other therapies are being developed or considered
for roles in IBD. Many of these are biologic therapies
that are able to be considered consequent to improved
understanding of the complex inflammatory events
in IBD. Other therapies that may play adjunctive roles
include fish oils[64] and probiotics[65]. Additional novel
therapies reported recently include low dose naltrexone[66]
and pig whip-worm therapy[67]. The definitive roles for
these therapies in children have not yet been proven.
One important factor in achieving optimal outcomes
for children of any age with medical therapies is adherence.
Recent work highlights an important relationship between
adherence and disease severity[68].
As well as medical therapies, many children with IBD
require surgical intervention. Common indications in
children with CD include the management of perianal
disease, resection of disease unresponsive to medical
therapy, or resection of a fibrotic stricture. In children
with UC the indications for colectomy include fulminant
UC unresponsive to medical therapy, severe colitis com
plicated by toxic megacolon and/or perforation, chronic
colitis unresponsive to medical agents and following the
development of pre-cancerous changes.
The cumulative risk of surgery in a series of 404 chil
dren with CD was 20% at 3 years and 34% at 5 years[3].
A lower rate of resective surgery was seen in a Scottish
series, with 20.2% having undergone surgery by 5 years[2].
In this series, the authors demonstrated that the median
time to first surgery was longer in their group of children
with CD than a comparative adult group (13.7 years from
diagnosis compared to 7.8 years; P < 0.01). In contrast,
the reverse was seen in the individuals with UC (11.1
years from diagnosis in children contrasting to > 50 years
in adults; P = 0.38)[2].
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The various therapeutic options need to be considered
within the context of the individual patient and their
disease pattern/location. Clearly the potential side-effects
of an individual therapy need to be outlined in candid
discussions with the patient and parents: these aspects
need to be considered in the context of the potential
benefits and the relative risk of the adverse effects.
In addition to the use of specific nutritional therapies
to induce or maintain remission, the overall management
of paediatric IBD requires close attention to growth
and nutrition. Weight and height should be monitored
regularly, with calculation of height velocity and ass
essment of pubertal development. Successful growth
can be considered as an indicator of the success of
therapy for IBD. Provision of a full well-balanced diet,
with inclusion of adequate macronutrients (protein,
fat, carbohydrates) and micronutrients (e.g., calcium
and iron), should be reviewed by a paediatric dietitian
regularly, with at least annual review. Monitoring of
micro-nutrients is also important. Levels of iron, B12,
folate and vitamin D should be reviewed on an annual
basis.
The psychosocial aspects and consequences of IBD
also require attention. IBD can impact greatly upon
the quality of life of young patients[69]. Disruption to
schooling and social activities is common, especially in
those with unstable or severe disease. Attention to coping
and provision of supports, may require psychological
intervention. Peer-support activities and supports also
play important roles in the overall management of
children with IBD.

PROGNOSIS AND OUTCOMES OF IBD IN
CHILDREN
Given diagnosis in the first decades of life, infants and
children have many decades of disease in front of them.
Several recent cohorts have illustrated key aspects of
the natural history and outcomes of IBD in children,
with emphasis of key differences from adult-onset co
horts[2,3,70].
Immune reactivity based upon a series of specific se
rological responses, has been shown to associate with dis
ease outcome in children[71]. In this group of 796 children
with CD, an increased number of serological responses
were linked with more aggressive disease pattern and
earlier progression of disease. Subsequently, Siegel et al[72]
have developed a tool to outline predicted disease course
in children with CD, incorporating serologic responses,
along with patient and disease factors. The need for sur
gery has also been linked with NOD2 mutations in chil
dren with CD[73]. Risk scores have also been considered
in paediatric UC: Moore et al[74] showed that white blood
count and haematocrit values at diagnosis were associated
with colectomy at 3 years in a cohort of 135 children
with UC.

5866

November 7, 2012|Volume 18|Issue 41|

Day AS et al . Crohn’s disease and colitis in children

CONCLUSION
12

Crohn’s and colitis has become an increasingly common
diagnosis in children of all ages. These conditions have
particular features and patterns in children, compared to
adults. Early consideration of the diagnosis is important
to avoid additional adverse impact upon growth, nutri
tion and normal functioning. Nutritional aspects are criti
cal in the overall management of IBD. Whilst EEN is
the therapy of choice to induce remission in CD, overall
monitoring of growth and nutrition are key elements
of ongoing management. Further work on the utility of
drugs, such as antibiotics, will likely proceed in conjunc
tion recognition of the importance of the intestinal mi
croflora in the pathogenesis of IBD. The care of children
and adolescents with IBD needs to be considered within
a multi-disciplinary focus, with many different health pro
fessionals playing important roles.
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ORIGINAL ARTICLE

Effectiveness of impedance monitoring during
radiofrequency ablation for predicting popping
Hiroya Iida, Tsukasa Aihara, Shinichi Ikuta, Naoki Yamanaka
RESULTS: A total of 148 nodules treated by RFA were
analyzed. The study samples included 132 nodules of
hepatocellular carcinoma, 14 nodules of metastatic
liver cancer, and two nodules of intrahepatic cholangiocarcinoma. The numbers of nodules with each impedance curve type were as follows: 37 increasing-type
nodules, 43 flat-type nodules, and 68 decreasing-type
nodules. Popping occurrence rates were 24.3%, 46.5%
and 64.7%, respectively. Flat-type nodules exhibited
a significantly higher rate of popping compared to
increasing-type nodules (P = 0.039). Decreasing-type
nodules exhibited a significantly higher rate of popping
compared to increasing-type nodules (P < 0.0001). Notably, nodules that showed a sharp decrease in impedance in the latter ablation period (subtype E) exhibited
a significantly higher rate of popping compared to other
subtypes.
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Abstract
AIM: To retrospectively evaluate the effectiveness of
impedance monitoring for predicting popping during
radiofrequency ablation (RFA) using internally cooled
electrodes.

CONCLUSION: Intraprocedural impedance monitoring
can be a useful tool to predict the occurrence of popping during liver tumor RFA performed with internally
cooled electrodes.

METHODS: We reviewed 140 patients (94 males, 46
females; age range 73.0 ± 11.1 year) who underwent
RFA between February 2006 and November 2008 with
a modified protocol using a limited power delivery
rather than a conventional one to avoid popping. All
the patients provided their written informed consent,
and the study was approved by the institutional review
board. Intraprocedural impedances were measured
for the study subjects, and the tumors were classified
into three types according to the characteristics of their
impedance curves: increasing, flat, or decreasing. The
tumors were further sorted into seven subtypes (A-G)
depending on the curvature of the impedance curve’
s increase or decrease. Relative popping rates were
determined for the three types and seven subtypes. A
chi-square test was performed to estimate statistical
significance.
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have applied these findings to our RFA procedure, limiting power delivery for the treatment of nodules on the
surface of the liver or close to main vessels; however, a
challenge still remained with respect to implementation
of the modified protocol: in our hospital, popping occurred during 73 out of 148 sessions.
In our search for a safer RFA procedure, we reviewed
305 consecutive cases in which RFA was performed using the standard conventional protocol between June
2004 and January 2006. Of these 305 cases, major complications occurred in three cases (0.98%): a subcapsular
hemorrhage, an intraperitoneal hemorrhage and a case
of hemobilia (Figure 1). Steam popping had occurred in
all three cases during RFA and it was therefore deemed
as a potential contributor to the complications listed
above.
In the present study, we retrospectively analyzed
our RFA cases in which the modified protocol was applied between February 2006 and November 2008. The
purpose of our study is to assess intraprocedural impedance monitoring to predict the likelihood of popping
as hypothesized based on the aforementioned popping
mechanism.

INTRODUCTION
In addition to resection, radiofrequency ablation (RFA)
is one of the most effective local treatments applied to
liver tumors along with resection[1-10]. The procedure is
effective for relatively small tumors or tumors that recur after resection[11-13]. In addition, it can be performed
safely in elderly patients and cirrhotic patients[14,15]. The
RFA process involves inserting an electrode into the tumor and exciting it with a radio frequency current. This
leads to a temperature increase in, and subsequent coagulation necrosis of, the tissue surrounding the electrode.
However, complications arising from liver tumor RFA
have been reported in numerous cases. Among those
complications are intraperitoneal bleeding, subcapsular
hematoma, biliary tract damage, portal vein thrombosis,
peritoneal dissemination and gastrointestinal tract damage[16-21].
There is a phenomenon called “popping” that refers
to a form of explosive tissue disruption caused by a
rapid elevation of intra-tissue pressure[22-26]. When intratissue fluid vaporizes due to elevated tissue temperature,
the tissue volume expands to approximately 1700 times
that of the initial volume. The mechanism underlying
this degree of tissue volume expansion is as follows:
when 1 mol (18 mL) of water turns into gas at a standard temperature, pressure and dry, its volume increases
to 22.4 L, which is 1244.4 times the volume of water.
Assuming that the steam temperature is 373 K, the volume can be estimated by accounting for the increase in
volume due to temperature with the following formula:
1244.4 times × 373 K / 273 K = 1700 times. Protein
coagulation occurs at a temperature of approximately
60 ℃, while vaporization occurs above 100 ℃. Popping
that occurs close to the subcapsular or main vessel has
been thought to raise the risk of complications such as
bleeding and dissemination.
In RFA procedures, two types of devices with different kinds of tips, the “internally cooled electrode”
needle and the “expandable electrode” needle, are commercially available for ablation. It has been reported
that the probability of popping is higher when using the
internally cooled electrode due to the likelihood of intratissue pressure increasing more rapidly[27]. According to
the literature, there is a higher probability of scattered
recurrence with the internally cool electrode[28]. The conventional RFA protocol involves power delivery starting
from 40 W followed by a power increase of 10 W every
minute when using a 2-cm exposed tip; power delivery
is started at 60 W, then increased by 20 W every minute
when using a 3-cm exposed tip. Power output is increased with no limitations until a break occurs. A modified protocol to address the concern of complications
from RFA has been introduced in recent years, and the
authors reported that the likelihood of popping during
RFA may be reduced by limiting power delivery[24]. We

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients
Between February 2006 and November 2008, 280 patients in our hospital underwent RFA using internally
cooled electrodes (Covidien) according to the modified
protocol with limited power delivery to prevent popping. Among these individuals, 140 patients (94 males,
46 females; age range 73.0 ± 11.1 year) and 148 sessions
were retrospectively analyzed in this study, excluding the
54 patients who showed unstable impedance curves and
the 86 patients who did not reach the break point during
RFA. In our hospital, RFA is indicated for tumors that
are 3 cm or less in the largest dimension, and for patients
with no more than three tumors. Patients with impaired
liver function could also be candidates for RFA if they
are free of ascites. Among the 140 patients analyzed, 35
had undergone transcatheter arterial chemoembolization
(TACE) prior to RFA. All patients provided their written
informed consent before treatment, and the study was
approved by the institutional review board.
Ablation method for preventing popping
RFA was performed by three surgeons who specialize
in liver surgery with 10, 20 and 25 year of experience,
respectively. Midazolam (Dormicum; Astellas, Tokyo,
Japan) was used for sedation at a dose of 0.03-0.06 mg/
kg, and lidocaine (Xylocaine; Fujisawa, Tokyo, Japan)
was used for local anesthesia. Cefazolin (Cefamezin; Astellas, Tokyo, Japan) was administered prophylactically
against infection for 1-2 d following RFA. Abdominal
ultrasound (Nemio; Toshiba, Tokyo, Japan) was used to
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Figure 2 The ablation protocol to avoid popping involves the initiation
of power delivery from 40 V with increases of 5 V every minute to a maximum of 60 V until a break is observed.

B

size as observed during the study period. For tumors
smaller than 2 cm in diameter, a 2-cm exposed tip was
used, while for tumors 2 cm or larger in diameter, a 3-cm
exposed tip was used. Overlapping ablation was performed in three cases in which the tumors were greater
than 3 cm in diameter. The electrodes were then connected to a generator (Series CC-1, Radionics: Covidien
at present). Power was delivered using an impedance
control mode to avoid popping. The RF voltage was
initially 40 V and was increased by 5 V every minute
to a maximum of 60 V, with no limitations on ablation
time (Figure 2). This protocol was applied consistently
whether using a 2-cm or 3-cm exposed tip.
The occurrence of a break was considered as one of
the reasons for terminating ablation. During RFA, patients were monitored for popping before reaching the
first break; the impedance curve reflects the data collected prior to popping. The time that elapsed prior to the
break was recorded by the performing surgeon. When it
was determined that coagulation necrosis was obtained
after review of the echogram or by measuring the temperature in the ablated site after the first break, the procedure was terminated; otherwise, it continued even after
reaching a break multiple times. The equipment was configured so that a break automatically occurred when the
impedance increased to 25 Ω before the start of RFA.
Thereafter the RF power was automatically returned to 0
W. The occurrence of popping is defined as the audible
explosion sound confirmed by the rapidly expanding,
highly echoic area.

C

D

RF system
During each procedure, a computer with monitoring
software was connected to the main unit of the generator to record the RF power (W), RF current (mA), RF
voltage (V), temperature (℃), and impedance (Ω) simultaneously (Figure 3).

Figure 1 A case showing subcapsular (A, B) and intraperitoneal (C, D)
hemorrhage after popping, which occurred during radiofrequency ablation for hepatocellular carcinoma. A, C: Before ablation; B, D: After ablation.
RFA: Radiofrequency ablation; HCC: Hepatocellular carcinoma.

place the radiofrequency (RF) electrode in the tumors. A
17-gauge internally cooled electrode with either a 2-cm
or 3-cm exposed tip was used, depending on the tumor

WJG|www.wjgnet.com

Statistical analysis
All statistical analyses were conducted using JMP 8.0.2
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Real time graphics
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Figure 3 Radio frequency power, radio frequency current, radio frequency voltage, temperature and impedance were intraoperatively monitored using the
equipment as shown in the diagram. RF: Radio frequency.

RESULTS

Table 1 Patient characteristics (140 patients, 148 nodules)
Characteristics
Male/female (n/n)
Age (yr)
ICGR 15 (%)
Maximum tumor diameters (mm)
Hepatocellular carcinomas
Metastatic liver cancers
Intrahepatic cholangiocarcinomas
Tumor locations
Segment 1
Segment 2
Segment 3
Segment 4
Segment 5
Segment 6
Segment 7
Segment 8
RFA needle lengths (2 cm/3 cm)
Ablation time (s)

A total of 140 patients and 148 nodules treated by RFA
were analyzed. The study samples included 132 nodules
of hepatocellular carcinoma, 14 nodules of metastatic
liver cancer, and two nodules of intrahepatic cholangiocarcinoma. Popping occurred in 73 out of the 148 RFA
sessions (Table 1).
All 148 nodules were classified into three types according to the characteristics of their impedance curves
up to the point where the first break took place (Figure
4): increasing-type nodules showed an increase in impedance; flat-type nodules showed a flat impedance curve;
and decreasing-type nodules showed a decrease in impedance. Popping rates were determined for each type.
The nodules were further sorted into seven subtypes, A
to G, depending on the curvature of each impedance
curve’s increase or decrease up to the first break point.
Likewise, popping rates were determined for each subtype (Figure 4).
Though there was no significant difference among
subtypes in terms of maximum tumor diameters, type B
exhibited significantly higher ICGR 15 levels than type
C (P = 0.028). There was no distinct difference among
subtypes in terms of tumor location (Table 2).
The nodule distribution was as follows: 37, 43 and

Value
94/46
73.0 ± 11.1
22.6 ± 14.4
21.9 ± 7.1
132
14
2
3
11
23
13
20
22
23
33
79/69
862 ± 613

Data are presented by mean ± SD or n. RFA: Radiofrequency ablation;
ICGR 15: Indocyanine green retention rate at 15 min.

software (Macintosh; SAS institute Japan). A χ 2 test was
performed to identify any significant differences among
the three types and among the seven subtypes. Differences were considered statistically significant at P < 0.05.
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First break

Table 2 Tumor characteristics for each impedance type (148
nodules)

Popping

Impedance Maximum tumor ICGR 15
1
1
subtype
diameter (mm)
(%)

Impedance

A
B
C
D
E
F
G

A
Impedance (Ω)

B
C
D
F

E

20.3± 6.0
20.4 ± 5.3
21.2 ± 8.1
22.7 ± 6.7
22.7 ± 6.3
22.3 ± 7.8
20.9 ± 8.1

17.8 ± 13.9
29.8 ± 10.7a
19.9 ± 11.1
24.2 ± 17.9
21.4 ± 10.2
24.1 ± 15.9
20.2 ± 14.0

Tumor location
2
(segments 1,2,3,4,5,6,7,8)
(0,1,0,0,0,0,0,1)
(1,1,1,1,1,2,1,1)
(0,3,3,3,5,3,3,6)
(0,2,8,4,8,6,4,11)
(1,2,1,2,1,3,8,5)
(1,1,4,1,3,5,3,3)
(0,1,5,2,2,4,4,6)

G
a
P = 0.028 vs type C (P = 0.028). 1Data are means ± SD; 2Data are numbers
of nodules. ICGR 15: Indocyanine green retention rate at 15 min.

t /s

Figure 4 The graph showing the characteristic impedance curve shapes
leading to the break point. The graph showing the seven characteristic impedance curves leading to the break point, which dictated the subgroups into which
the previously classified nodules were further sorted. A-C: Increasing type; D:
Flat type; E-G: Decreasing type; B, D, F: Three characteristic impedance curve
shapes leading to the first break point, into which the 148 nodules were classified: increasing, flat and decreasing.

(2/3 = 66.7%) and F (2/3 = 66.7%). Popping occurred
in neither of the two intrahepatic cholangiocarcinomas.
TACE was performed prior to RFA in 35 nodules; in
these TACE cases, popping was found in subtypes C (2/6
= 33.3%), D (4/8 = 50.0%), E (3/3 = 100%), F (3/9
= 66.6%) and G (3/9 = 66.6%). No nodule of TACE
was classified as subtype A or B. We also evaluated 48
nodules located on the surface of the liver and 100 nodules close to major vessels. Among 48 nodules that were
on the surface of the liver, popping was observed in
subtypes A (1/1 = 100%), B (1/3 = 33.3%), C (2/10 =
20.0%), D (4/10 = 40.0%), E (9/11 = 81.8%), F (4/7 =
57.1%) and G (4/6 = 66.7%). Among 100 nodules close
to major vessels, popping occurred in subtypes A (0/1
= 0%), B (2/6 = 33.3%), C (3/16 = 18.8%), D (16/33
= 48.5%), E (10/12 = 83.3%), F (10/14 = 71.4%) and
G (7/18 = 38.9%). Among the samples in which TACE
was performed prior to RFA, popping was observed in
subtype E most frequently, regardless of tumor location.

68 for increasing, flat and decreasing types, respectively.
Popping occurred with nine increasing-type nodules
(24.3%), 20 flat-type nodules (46.5%), and 44 decreasingtype nodules (64.7%) (Figure 5). Flat-type nodules exhibited a significantly higher rate of popping compared
to increasing-type nodules (P = 0.039). Decreasing-type
nodules exhibited a significantly higher rate of popping compared to increasing-type nodules (P < 0.0001).
Regarding the subtype analysis, the popping occurrence
rates were 1/2 (50%) for nodule subtype A, 3/9 (33.3%)
for B, 5/26 (19.2%) for C, 20/43 (46.5%) for D, 19/23
(86.4%) for E, 14/21 (66.7%) for F and 11/24 (45.8%)
for G (Figure 5). Notably, subtype E showed a rapid decrease in impedance during the latter half of the ablation
period and exhibited a significantly higher rate of popping compared to subtypes B (P = 0.006), C (P < 0.0001),
D (P = 0.004) and G (P = 0.008). The results for subtype A could not be examined statistically because of the
small number of samples.
With respect to the lengths of the needles that were
used, popping occurred during 36 out of the 79 (45.6%)
RFA sessions using a 2-cm exposed tip, and 37 out of
the 69 (53.6%) RFAs using a 3-cm exposed tip (P =
0.328). The distribution of nodules treated by a 2-cm
exposed tip was as follows: A (n = 2), B (n = 5), C (n =
14), D (n = 23), E (n = 11), F (n = 12) and G (n = 12).
The distribution of those treated using a 3-cm exposed
tip was as follows: A (n = 0), B (n = 4), C (n = 12), D
(n = 20), E (n = 12), F (n = 9) and G (n = 12). Popping
was most common in the subtype E nodules, which
showed a rapid decrease in impedance during the latter
half of ablation, regardless of the exposed tip length
(2 cm: 9/11 = 81.8%; 3 cm: 10/12 = 83.3%). Among
14 metastatic liver cancer samples, popping occurred in
seven cases with the highest occurrence in subtypes E

WJG|www.wjgnet.com

DISCUSSION
Although the rate of complications caused by RFA varies among hospitals, it is generally between 2.2% and
9.5%[29-33]. Peritoneal dissemination is one of the most
serious complications that should be avoided and for
which certain types of tumors are reportedly at a high
risk, particularly subcapsular liver tumors and hepatocellular carcinomas that are poorly differentiated or that
have high levels of alpha fetoprotein[34,35]. Several studies
have also shown that tumors abutting the main portal
vein are at a high risk of rapid intrahepatic dissemination[36,37]. Consequently, RFA should be performed with
special caution when treating tumors that have developed close to the subcapsular or main vessel. In our hospital, because of these risks, liver tumors in these regions
have been treated by RFA with limited power delivery to
avoid complications.
Our results showed that decreases in impedance, particularly a rapid decrease in impedance during the latter
half of the ablation period, strongly predict popping. We
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Type

Popping occurrence rate

A
Increasing type 9/37 (24.3%)
1/2 (50%)

B
3/9 (33.3%)

C
5/26 (19.2%)

Flat type

D
20/43 (46.5%)

Decreasing type 44/68 (64.7%)

E
19/23 (86.4%)

F
14/21 (66.7%)

G

11/24 (45.8%)

Figure 5 Subtype E (nodules that showed a rapid decrease in impedance during the latter half of the ablation) exhibited a significantly higher rate of popping compared to subtypes B, C, D and G (P < 0.05). Decreasing-type nodules exhibited a significantly higher rate of popping compared to increasing-type nodules
(P < 0.0001). Flat-type nodules exhibited a significantly higher rate of popping compared to increasing-type nodules (P = 0.039).

investigated tumor location, diameter, and hepatic function reserve in each subtype of impedance. We used an
ICGR value of 15 min for the hepatic functional reserve
test. The principle is that indocyanine green (ICG) is
transported to the liver in association with lipoprotein in
the blood and then ingested by hepatocytes. We calculated the retention rate of ICG after 15 min of injection.
If hepatic functional reserve is impaired, the retention
rate is high. The result achieved with an ICGR of 15
min showed that the rate of popping was slightly higher
in subtype B than in subtype C (P = 0.028). There were
no significant differences among subgroups. We did not
find any relationship between the impedance curve and
the hepatic function reserve. Tumor location and diameter were also similar among the subtypes.

WJG|www.wjgnet.com

The reason for the drop in impedance just before
the occurrence of popping is that the elevation of intratissue temperature activates intra-tissue molecular movement, which results in higher electrical conductivity.
Electrical conductivity is the amount of electricity that
a substance can conduct, and it varies for different substances, e.g., 5% NaCl has an electrical conductivity of
67 mS/cm, and 5% HCl has an electrical conductivity of
395 mS/cm. The electrical conductivity of a substance
increases as the temperature rises, and it can be estimated with the formula kT = k25 [1 + 0.02 (T - 25)], where kT
is the electrical conductivity at temperature T (℃), and
k25 is the electrical conductivity at 25 ℃. Because tissue
impedance is inversely related to electrical conductivity,
tissue temperature increases as tissue impedance de-
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creases. Thus, an abrupt decrease in impedance can be
an indication of a rapid increase in intra-tissue temperature, possibly leading to steam popping following the
vaporization of intra-tissue fluid.
The most favorable pattern of impedance curvature
exhibited during the ablation period is the increasing
type, which indicates that tissue coagulation occurs in
parallel with an elevation in tissue temperature alongside
a gradual increase in tissue impedance. If the temperature of intra-tissue fluid rises above 100  ℃ and starts
to vaporize, the tissue impedance decreases, resulting in
popping. As for the reason for the variation in impedance curves obtained with the same RFA protocol, we
believe that fluid produced through coagulation may
have played a part in some way.
Between June 2004 and January 2006, when we
implemented RFA in the conventional protocol, major
complications associated with RFA were observed in
three out of 305 cases (0.98%). It was determined that
popping had occurred during all three cases. Following
this outcome, we opted for a lower power output when
treating tumors on the surface of the liver or in close
proximity to major vessels. Although no significant differences were found, this modified protocol may have
contributed to a decrease in complications; hemobilia as
a postoperative complication occurred in only one out
of 473 cases (0.21%). The rates of local recurrence were
equivalent in the conventional and modified protocols:
42 out of 305 cases (13.8%) between June 2004 and
January 2006, and 48 out of 473 cases (10.1%) between
February 2006 and November 2008. Based on the present study findings, we reduce the power delivery if we
observe impedance curvatures that signal imminent popping. Between December 2008 and November 2011, we
performed RFA on 731 nodules using the modified protocol; popping occurred for only 44 nodules (6.0%). No
severe complication was observed in any of these cases.
There were several limitations on our analysis that
have to be acknowledged. The first limitation concerns
the patients excluded: for the 54 patients who showed
unstable impedance curves, popping remained unpredictable; for the 86 patients who did not reach the break
point during RFA (meaning that complete coagulation
necrosis had not been achieved according to the present
consensus on break points), there was a relatively higher
risk of tumor recurrence. Second, due to a limitation
resulting from the nature of our retrospective study
design, a further prospective study will be necessary to
confirm whether using the modified method actually improves the complication rate among patients whose tumors are close to major vessels or located subcapsularly.
In conclusion, by monitoring intraprocedural impedance during the RFA procedure, it is possible to predict
popping in certain cases.

gake, Clinical Engineer at Meiwa Hospital and to Hidehiko Waki, a Clinical Technologist at Meiwa Hospital.
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Research frontiers

Popping is a phenomenon of vapor explosion that can occur during RFA. Popping occurs if water vaporizes prior to tumor coagulation and may pose a risk of
complications. RFA using low power delivery has been advocated to avoid this
phenomenon. The authors applied this procedure for the treatment of tumors
near Glisson’s capsule or the surface of the liver.

Innovations and breakthroughs

The authors monitored and analyzed the impedance curves to identify the characteristic warning signs that precede popping. It was found that popping was
most frequent in nodules that exhibited a rapid decrease in impedance during
the latter half of the ablation. This is the first such investigation.

Applications

By monitoring the intraprocedural impedance during RFA, it is possible in
certain cases to predict popping. To avoid popping, power delivery should be
limited when an impedance curve displays the characteristic warning signs.

Terminology

Popping is a phenomenon that refers to a form of explosive tissue disruption
caused by a rapid elevation of intra-tissue pressure. The occurrence of popping should be avoided during RFA due to the risk of complications. During
RFA, tumor necrosis is caused by protein coagulation, which occurs at a
temperature of approximately 60 ℃. However, if the temperature rises above
100 ℃ prior to achieving protein coagulation, intra-tissue fluid vaporizes and
the tissue volume expands to approximately 1700 times that of the initial
volume. This is the mechanism underlying popping, which can be anticipated
through the use of intraprocedural impedance monitoring.
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Several factors including ITPA polymorphism influence
ribavirin-induced anemia in chronic hepatitis C
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received combination treatment were enrolled and assigned randomly to the derivation and confirmatory
groups. Single nucleotide polymorphisms at or nearby
ITPA were genotyped by real-time detection polymerase chain reaction. Factors influencing significant
anemia (hemoglobin concentration < 10.0 g/dL at week
4 of treatment) and significant hemoglobin decline
(declining concentrations > 3.0 g/dL at week 4) were
analyzed using multiple regression analyses. Prediction
formulae were constructed by significantly independent
factors.
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RESULTS: Multivariate analysis for the derivation
group identified four independent factors associated
with significant hemoglobin decline: hemoglobin decline
-17
at week 2 [P = 3.29 × 10 , odds ratio (OR) = 7.54
(g/dL)], estimated glomerular filtration rate [P = 2.16
-4
2
× 10 , OR = 0.962 (mL/min/1.73 m )], rs1127354 (P
-4
= 5.75 × 10 , OR = 10.94) and baseline hemoglobin
-4
[P = 7.86 × 10 , OR = 1.50 (g/dL)]. Using the model
constructed by these factors, positive and negative
predictive values and predictive accuracy were 79.8%,
88.8% and 86.2%, respectively. For the confirmatory
group, they were 83.3%, 91.0% and 88.3%. These
factors were closely correlated with significant anemia.
However, the model could not be constructed, because
no patients with rs1127354 minor genotype CA/AA had
significant anemia.
CONCLUSION: Reliable formulae for predicting the
likelihood of ribavirin-induced anemia were constructed.
Such modeling may be useful in developing individual
tailoring and optimization of ribavirin dosage.

Abstract
AIM: To construct formulae for predicting the likelihood
of ribavirin-induced anemia in pegylated interferon α
plus ribavirin for chronic hepatitis C.

© 2012 Baishideng. All rights reserved.

Key words: Chronic hepatitis C virus infection; Ribavirin; Pegylated interferon α; Prediction model; Hemolytic
anemia; Single nucleotide polymorphism

METHODS: Five hundred and sixty-one Japanese
patients with hepatitis C virus genotype 1b who had

WJG|www.wjgnet.com

5879

November 7, 2012|Volume 18|Issue 41|

Tsubota A et al . Prediction of ribavirin-induced anemia

Peer reviewers: Dr. Hisato Nakajima, Department of Gastroen-

as possible, the present study focused on the construction of a convenient and useful model for predicting the
likelihood of clinically significant anemia and quantitative decline in the hemoglobin (Hb) concentration from
baseline at week 4 of treatment in peg-IFN α plus RBV
treatment for chronic hepatitis C patients infected with
HCV genotype 1b. Easy identification of candidates at
a high risk for clinically significant anemia may facilitate
intensive safety monitoring in combination treatment.
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MATERIALS AND METHODS
Study population and protocol
Between 2006 and 2010, 561 chronic hepatitis C patients
infected with HCV genotype 1b were consecutively enrolled in this study at Katsushika Medical Center and
Kashiwa Hospital, The Jikei University School of Medicine, and Shinmatsudo Central General Hospital. Patients received peg-IFN α-2b at a dose of 1.5 µg/kg or
peg-IFN α-2a at a dose of 180 µg once weekly and RBV
at a dose of 600-1000 mg twice daily for 48 wk. The
dose of RBV was adjusted according to body weight
(BW); 600 mg for ≤ 60 kg, 800 mg for > 60 kg to ≤ 80
kg, and 1000 mg for > 80 kg. Leading inclusion criteria
were chronic hepatitis C that were diagnosed by laboratory, virology and histology; HCV genotype 1b confirmed by the conventional polymerase chain reaction
(PCR)-based method; acquisition of written informed
consent to the provision of genetic material; availability
of genetic DNA for genotyping single nucleotide polymorphisms (SNPs); absence of liver cancer, liver failure
or other forms of liver disease; and lack of concurrent
treatment with any other antiviral or immunomodulatory
agent. The study protocol was conducted in accordance
with the provisions of the Declaration of Helsinki and
Good Clinical Practice guidelines and was approved by
the Institutional Review Boards of all participating sites.
Clinical and laboratory data were assessed at baseline,
once weekly during the first 4 wk, and thereafter every
4 wk. As described previously[15], significant anemia was
provisionally defined as Hb concentrations of < 10.0
g/dL at week 4 of treatment, and significant Hb decline
was defined as a decline in Hb concentration of > 3.0 g/
dL at week 4 of treatment. The reasons for choosing this
time point (the end of 4 wk after treatment initiation)
were as follows: (1) dose of RBV or peg-IFN was not
reduced in most patients, and thus Hb dynamics would
not be affected by treatment modification and could be
evaluated in an unbiased manner; and (2) Hb decline
within the first 4 wk is most prominent throughout the
treatment period and reaches a nadir after approximately
4-6 wk[6,11].
At baseline, creatinine clearance (Ccr; mL/min) was
estimated by using the Cockcroft-Gault formula[21]: Ccr
(for male) = [(140 - age) × BW (kg)]/(72 × Scr) (Scr,
serum creatinine; Ccr × 0.85 for female). Estimated
glomerular filtration rate (GFR, mL/min/1.73 m2) was

INTRODUCTION
Development and availability of nonstructural (NS) 3
serine protease inhibitors (PIs), such as telaprevir and
boceprevir, further improve treatment outcome in combination with pegylated interferon (peg-IFN) α and
ribavirin (RBV) for chronic hepatitis C virus (HCV)
genotype 1 infection, while the addition of novel antiviral agents increases the frequency and severity of
adverse effects (including anemia), medication costs and
the complexity of treatment regimens[1-3]. Triple combination therapy with PI, RBV and peg-IFN α will be the
first-line treatment for the HCV genotype 1 infection
until the establishment of combination with NS3/4A
PIs and NS5B polymerase or NS5A inhibitors[4]. Meanwhile, conventional peg-IFN α plus RBV combination
will be in demand for easy-to-treat patients who are
infected with HCV genotype 2 or 3 or low viral loads
and those who contraindicate or are intolerant of triple
combination therapy. Accordingly, peg-IFN α plus RBV
combination will assume a crucial role in the treatment
of HCV infection for the foreseeable future.
In RBV-based treatment, hemolytic anemia is common and one of the major critical adverse effects[1-3,5-7]
and therefore makes it difficult for patients to tolerate
treatment continuation, resulting in early dose reduction
or premature withdrawal that may diminish the treatment efficacy. So far, many factors have been reported
to be significantly associated with the significant anemia
that could necessitate dose reduction or discontinuation[8-20]. Specifically, host genetic variants at the inosine
triphosphatase (ITPA) gene located on chromosome 20
(20p13 region) that lead to ITPA deficiency or low activity have an overwhelming impact on protection against
RBV-induced hemolytic anemia, and decrease the need
for RBV dose reduction at week 4 of treatment and
throughout the treatment course[15-18]. However, there are
few reports that provide a convenient prediction model
or scoring system for pretreatment screening or early
identification of clinically significant anemia that has
been defined previously and used generally[15].
To modify RBV dose prior to treatment or during
the early treatment phase and continue treatment as long
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version 2.0; Roche Diagnostics, Basel, Switzerland).
The presence or absence of serum HCV RNA was assessed using a qualitative PCR assay (Amplicor HCV
version 2.0). Virological response (VR) was defined as
undetectable HCV RNA by the end of treatment. Rapid
virological response and slow virological response (SVR)
were defined as undetectable HCV RNA at week 4 of
treatment and 24 wk post-treatment. VR with relapse
was defined as VR during treatment but reappearance of
HCV RNA during the follow-up period. Nonvirological
response (NVR) was defined as persistent presence of
HCV RNA throughout the treatment.

Table 1 Baseline profiles of the study population (mean ±
SD)
Variable

Overall cohort Derivation group
Confirmatory
(n = 561)
(n = 374)
group (n = 187)

Demographic feature
Age (yr)
59.1 ± 10.9
Sex (female/male)
302/259
Weight (kg)
59.8 ± 11.4
BMI (kg/m2)
23.2 ± 3.3
Height (cm)
160.3 ± 9.0
BSA (m2)
1.62 ± 0.18
Laboratory data
ALT (IU/L)
63 ± 54
GGT (IU/L)
58 ± 63
Albumin (g/dL)
4.1 ± 0.4
Creatinine (mg/dL)
0.70 ± 0.16
WBC count
5.0 ± 1.5
(× 103/mL)
Hemoglobin (g/dL)
13.7 ± 1.5
Platelet count
16.7 ± 5.7
(× 104/mL)
Estimated calculation value
Ccr (mL/min)
91.8 ± 27.9
GFR (mL/
77.5 ± 16.8
min/1.73 m2)
CL/F (L/h)
11.3 ± 5.4
Liver histopathology
Stage of fibrosis
221/131/161
0-1/2/3-4
Grade of
267/222/19
inflammation
1/2/3
SNP genotype
rs1127354 CC/
431/114/16
CA/AA
rs6051702 AA/
388/158/15
AC/CC
Treatment
Ribavirin dosage
11.4 ± 1.5
(mg/kg/d)
Peg-IFN a-2a/-2b
82/479
Virology
Viral load
6.2 ± 0.8
(log10 IU/mL)

59.1 ± 10.8
201/173
59.9 ± 11.5
23.2 ± 3.4
160.4 ± 9.1
1.62 ± 0.18

59.5 ± 11.3
101/86
58.5 ± 10.9
23.2 ± 3.2
158.5 ± 8.7
1.59 ± 0.18

63 ± 56
56 ± 60
4.1 ± 0.4
0.70 ± 0.17
5.0 ± 1.5

58 ± 47
58 ± 72
4.1 ± 0.3
0.70 ± 0.17
5.1 ± 1.4

13.7 ± 1.5
16.5 ± 5.7

13.8 ± 1.3
17.0 ± 6.2

91.6 ± 28.0
79.6 ± 17.0

87.9 ± 25.6
78.2 ± 15.9

11.2 ± 5.3

10.9 ± 5.1

146/89/107

75/42/54

170/156/14

97/66/5

289/75/10

142/39/6

260/104/10

128/54/5

11.3 ± 1.9

11.4 ± 1.9

52/322

30/157

6.2 ± 0.8

6.2 ± 0.8

SNP genotyping of ITPA and C20orf194
Genomic DNA was extracted from whole blood using
the MagNA Pure LC and the DNA Isolation Kit (Roche
Diagnostics). Genetic polymorphisms, rs1127354 at the
ITPA exon 2[15,17,18] and rs6051702 at the C20orf194[15,18],
were genotyped by real-time detection PCR using the
TaqMan SNP Genotyping Assays (Applied Biosystems,
Foster City, CA, United States). Another functional
(splicing variant-related) SNP at the ITPA intron 2,
rs727010, was not examined because no polymorphisms
were observed in the Asian genetic population, as registered in the HapMap Project database and reported
previously[17,18,23].
Statistical analysis
Mantel-Haenszel, Pearson χ 2 test or Mann-Whitney test
was used to compare frequencies in categorical data
or differences in continuous data between two groups,
respectively. Time-course changes in Hb decline from
baseline were evaluated by using repeated measures
analysis of variance. Possible variables influencing significant anemia and significant Hb decline included
baseline characteristics (Table 1). Variables that reached
statistical significance (P < 0.05) or marginal significance
(P < 0.10) in univariate comparisons were subsequently
entered into multiple logistic regression analysis using
forward and backward stepwise selection method to
identify significantly independent factors associated with
each anemic event. Based on the final-step results, score
(S) was constructed by the exposure of some set of independent factors (x1, x2, ···, xp):
S = β 0 + β 1x1 + β 2x2 + ··· + β pxp (β 0: Intercept, β 1,
2
,
···,
β
β p: Regression coefficients).
The model could be expressed as: P = 1/[1 + exp (S)], where P > 0.5 was development of anemic events
and P < 0.5 was non-development of anemic events.
Hosmer-Lemeshow goodness of fit test and likelihood-ratio χ 2 test were used and positive/negative predictive values and predictive accuracy were calculated to
evaluate the fitness of the model. Split-group validation
was used to develop and validate the best fitness of the
model. Patients were randomly divided into two groups
in the ratio of 2:1 by using a computer-generated random
number list: 66.7% of the patients (374 patients) were as-

BMI: Body mass index; BSA: Body surface area; ALT: Alanine transaminase; GGT: g glutamyl transpeptidase; WBC: White blood cell; GFR: Glomerular filtration rate; SNP: Single nucleotide polymorphism; Peg-IFN:
Pegylated interferon.

calculated according to the formula proposed by the
Japanese Society of Nephrology: GFR (for male) =194
× Scr-1.094 × Age-0.287 (GFR × 0.739 for female). Apparent
clearance of ribavirin (CL/F, L/h) was determined as
follows[9]: CL/F =32.3 × BW × (1 - 0.0094 × age) × (1
- 0.42 × gender)/Scr (gender = 0 for male and 1 for female; Scr is in µmol/L). All liver biopsy specimens were
reviewed by using the established ranking system for
staging of fibrosis and grading of necroinflammation
activity with some modification[22].
Virological data were assessed by monitoring serum
HCV RNA levels every 4 wk during and off treatment.
Viral loads were measured using a quantitative PCR assay
(Amplicor HCV Monitor version 2.0 or Amplicor HCV
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Table 2 Time-course changes in hemoglobin concentration
from baseline

Overall cohort
mean (SD), g/dL
Median
(25th–75th quartile), g/dL
Derivation group
mean (SD), g/dL
Median
(25th–75th quartile), g/dL
Confirmatory group
mean (SD), g/dL
Median
(25th–75th quartile), g/dL

Week 2 of
treatment

Week 4 of
treatment

-1.12 (1.13)
-1.05 (-1.8 to -0.3)

-2.31 (1.39)
-2.3 (-3.2 to -1.3)

-1.09 (1.11)
-1.0 (-1.8 to -0.3)

-2.27 (1.40)
-2.3 (-3.1 to -1.3)

Table 3 Pretreatment variables influencing significant
hemoglobin decline in the derivation group
Variable

Age (yr)
0.110
Sex (female vs male)
0.0163
Weight (kg)
5.18 × 10-3
BMI
5.93 × 10-3
Height (cm)
0.153
BSA (m2)
0.0139
ALT (IU/L)
0.114
GGT (IU/L)
0.118
Albumin (g/dL)
6.88 × 10-3
Creatinine (mg/dL)
4.71 × 10-4
WBC count (× 103/mL)
0.147
Hemoglobin (g/dL)
7.75 × 10-8
Platelet count
0.558
(× 104/mL)
Ccr (mL/min)
0.140
GFR
5.69 × 10-4
(mL/min/1.73 m2)
CL/F (L/h)
0.814
Stage of fibrosis
0.641
Grade of inflammation
0.570
rs1127354 (CC vs CA/AA) 8.04 × 10-10
rs6051702 (AA vs AC/CC)
0.372
RBV dosage
0.419
(mg/kg/d)
Peg-IFN a (2a vs 2b)
0.360
Viral load
0.355
(log10 IU/mL)

-1.18 (1.17)
-2.33 (1.37)
-1.1 (-1.95 to -0.4) -2.3 (-3.3 to -1.35)

signed to the derivation group and 33.3% (187 patients)
to the confirmatory group. The reproducibility of the
resulting model based on data from the derivation group
was assessed with data from the validation group. Receiver operating characteristic (ROC) curves were generated with every cut-off point of predicted probability of
significant Hb decline corresponding to each Hb decline
at week 2. For a balanced optimization of both sensitivity
and false-positive rate [= (1 - specificity)], an optimal cutoff point value was determined by maximizing Youden’
s index (= sensitivity + specificity - 1). The area under
the ROC curve (AUC) was calculated to assess the degree
of discrimination provided by the two parameters. To
formulate a predictive value of quantitative Hb decline at
weeks 2 and 4, the association between Hb decline and
baseline variables was also analyzed using multiple linear
regression analysis. The fitness of the model was evaluated by using values of R and R2 and Durbin-Watson test.
The correlation between predictive and measured values
in Hb decline was assessed by Spearman’s ρ. All P values
for statistical tests were two tailed and values < 0.05 denoted the presence of a statistically significant difference.
All data analyses were performed using the SPSS statistical package for Windows, version 17.0 (SPSS, Chicago,
IL, United States).

OR (95% CI)

1.29 × 10-9

1.89 (1.54-2.32)

6.46 × 10-4

0.959 (0.942-0.977)

1.60 × 10-7

28.26 (8.10-98.62)

BMI: Body mass index; BSA: Body surface area; ALT: Alanine transaminase; GGT: g glutamyl transpeptidase; WBC: White blood cell; GFR: Glomerular filtration rate; SNP: Single nucleotide polymorphism; Peg-IFN:
Pegylated interferon; OR: Odds ratio; CI: Confidence interval.

the groups. Most of the patients complained of dyspnea
on effort, easy fatigability or lightheadedness. None received erythropoiesis-stimulating agents throughout the
treatment period.
Of the overall patients, 255 (45%) achieved SVR,
165 (29%) had VR with relapse, and 141 (25%) showed
NVR. Of the 374 derivation group patients, SVR was
45% (167 patients), VR with relapse was 30% (111 patients) and NVR was 26% (96 patients). Of the 187 confirmatory group patients, they were 47% (88 patients),
29% (54 patients) and 24% (45 patients), respectively.
Treatment outcome was almost equal among the overall
cohort and split groups.

RESULTS
Patient profiles and treatment-induced anemia
Baseline characteristics of the study population are
summarized in Table 1. There were no significant differences in the patient profiles between the groups. The
mean (SD) and median (25th to 75th quartiles) of Hb
decline from baseline at week 2 and 4 of treatment are
shown in Table 2. The changes at each time point were
not statistically different between the groups. Significant
Hb decline was observed in 113 of 374 (30%) derivation
group patients and 58 of 187 (31%) confirmatory group
patients. Significant anemia was observed in 51 of 374
(14%) patients and 30 of 187 (16%) patients, respectively. Incidence of these anemic events was similar between
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P value
Univariate Multivariate
analysis
analysis

Baseline factors associated with significant Hb decline
To construct the prediction model for significant Hb
decline, baseline variables were statistically analyzed in
the derivation group (Table 3). Patients who showed
significant Hb decline were more likely to be male (P
= 0.0163), have higher BW (P = 0.00518), higher body
mass index (BMI; P = 0.00593), larger body surface area
(BSA; P = 0.0139), higher albumin (P = 0.00688), higher
creatinine (P = 4.71 × 10-4), higher Hb (P = 7.75 × 10-8),
lower GFR (P = 5.69 × 10-4), and SNP rs1127354 major
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Figure 1 Anemic event rates in subset groups of each significantly independent baseline factor. The inosine triphosphatase single nucleotide polymorphism
rs1127354 genotype, baseline hemoglobin (Hb) concentration and estimated glomerular filtration rate (GFR) were significantly associated with anemic events. Black
and white vertical rectangles indicate significant anemia (< 10.0 g/dL at week 4 of treatment) and significant Hb decline (> 3.0 g/dL at week 4 of treatment), respectively.

genotype CC (P = 8.04 × 10-10).
Multiple logistic regression analysis identified three
independent variables that were significantly associated
with significant Hb decline (Table 3): baseline Hb [P =
1.29 × 10-9, odds ratio (OR) = 1.89 (g/dL), 95% confidence interval (CI): 1.54-2.32], SNP rs1127354 (P = 1.60
× 10-7, OR = 28.26, 95%CI: 8.10-98.62), and GFR [P
= 6.46 × 10-4, OR = 0.959 (mL/min/1.73 m2), 95%CI:
0.942-0.977]. The model was expressed as: S = -9.369 +
0.635 × baseline Hb + 3.342 × SNP rs1127354 (where
genotype CC was 1 and CA/AA was 0) -0.041 × GFR.
P values were 0.401 and 9.79 × 10-24 in the HosmerLemeshow test and likelihood-ratio χ 2 test, respectively.
Positive and negative predictive values and predictive
accuracy were 67.5%, 79.9% and 77.0%, respectively.
To validate the prediction model, it was used for the
confirmatory group. Positive and negative predictive
values and predictive accuracy were 76.7%, 79.7% and
79.0%, respectively. For the overall cohort, these values
were 70.8%, 79.9% and 77.7%, respectively. Significant
Hb decline was not associated with treatment outcome
in the overall cohort [SVR, 40% (69/171); VR, 32%
(55/171); and NVR 27% (47/171)] or split groups.

significant anemia in this study population (Figure 1).
All patients with significant anemia had rs1127354 major genotype CC. When SNP rs1127354 was excluded
from the multivariate analysis, baseline Hb [P = 1.67 ×
10-9, OR = 0.376 (g/dL), 95%CI: 0.274-0.517] and GFR
[P = 0.00233, OR = 0.962 (mL/min/1.73 m2), 95%CI:
0.938-0.986] were significantly independent variables.
Significant anemia was not associated with treatment
outcome in the overall cohort [SVR, 31% (25/81); VR,
36% (29/81); and NVR 33% (27/81)] or split groups.
Figure 1 shows the incidence rates of significant
anemia and significant Hb decline in the overall cohort
according to the three significantly independent factors. Specifically, SNP rs1127354 had an overwhelming
impact on the anemic events. In 431 patients with major genotype CC, significant anemia and significant Hb
decline developed in 81 (19%) and 168 (39%) patients,
respectively. In contrast, none (0%) and three (2%) of
130 patients with minor genotype CA/AA showed each
anemic event, respectively, as described above. Positive
predictive values of SNP rs1127354 alone for the likelihood of significant anemia and significant Hb decline
were 14.3% and 39.1%, respectively. Negative predictive
values were 100% and 97.7%, respectively. Values of
predictive accuracy were 35.7% and 53.5%, respectively.
Figure 2 depicts time-course changes in qualitative Hb
decline from baseline according to SNP rs1127354 genotypes. The SNP genotype significantly influenced Hb
decline at week 2 as well as week 4 (P = 5.437 × 10-9).

Baseline factors associated with significant anemia
Female (P = 0.00896) and older (P = 0.0443) patients,
and those with lower albumin (P = 0.0197), lower white
blood cell count (P = 0.0226), lower baseline Hb (P =
5.34 × 10-13), lower Ccr (P = 1.06 × 10-4), lower GFR (P
= 2.69 × 10-4), lower CL/F (P = 6.59 × 10-5), lower BW
(P = 0.00309), smaller BSA (P = 0.0254), and rs1127354
major genotype CC (P = 2.76 × 10-5) were more likely
to have significant anemia than those who did not. In
multiple logistic regression analysis, the model could not
be constructed by these variables, because no patients
with rs1127354 minor genotype CA/AA suffered from
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Contribution of Hb decline at week 2 of treatment
Hb decline from baseline at week 2 of treatment, an ontreatment factor, significantly influenced significant Hb
decline (P = 1.96 × 10-33). An ROC curve was depicted
to identify an optimal cut-off point for prediction of
significant Hb decline by using Hb decline at week 2
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Figure 4 Correlation between predicted and measured values of hemoglobin decline at week 4 of treatment. Predicted values were yielded by the
multiple linear regression model that was constructed in the derivation group.
Measured values were derived from the confirmatory group. There was a significant correlation between predicted and measured values (Spearman’s ρ =
0.880, P = 1.16 × 10-56). The area between lower and upper parallel lines of the
diagonal line includes 95% of patients analyzed.

Figure 2 Hemoglobin decline from baseline at week 2 and 4 of treatment
according to the inosine triphosphatase single nucleotide polymorphism
rs1127354 genotypes. Bars within boxes denote the median value of hemoglobin (Hb) decline from baseline. The boxes and the lower and upper bars represent the 25th to 75th percentiles, and the 10th and 90th percentiles, respectively. The single nucleotide polymorphism genotype significantly influenced
Hb decline at week 2 and 4 (P = 5.437 × 10-9 in repeated measures analysis of
variance).

OR = 0.962 (mL/min/1.73 m2), 95%CI: 0.942-0.982],
rs1127354 (P = 5.75 × 10 -4 , OR = 10.94, 95%CI:
2.80-42.71), baseline Hb [P = 7.86 × 10-4, OR = 1.50
(g/dL), 95%CI: 1.18-1.90]. The model was expressed as:
S = -8.285 - 2.020 × Hb decline at week 2 -0.039 × GFR
+ 2.393 × SNP rs1127354 (where genotype CC was 1
and CA/AA was 0) + 0.405 × baseline Hb. P values
were 0.587 and 1.59 × 10-58 in the Hosmer-Lemeshow
test and likelihood-ratio χ 2 test, respectively. Positive and
negative predictive values and predictive accuracy were
79.8%, 88.8% and 86.2%, respectively. These values were
83.3%, 91.0% and 88.3% in the confirmatory group, and
81.3%, 89.0% and 86.7% in the overall cohort.
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Prediction of Hb decline value
To predict qualitative Hb decline value at week 4 of
treatment, the multiple linear regression model was
constructed using data from the derivation group. The
statistic model was expressed as: ŷ = 0.784 - 0.748 × Hb
decline at week 2 - 0.878 × SNP rs1127354 (where genotype CC was 1 and CA/AA was 0) - 0.178 × baseline
Hb + 0.012 × GFR (R = 0.842, R2 = 0.709, adjusted R2
= 0.706, Durbin-Watson test = 1.984, P = 2.42 × 10-7).
There was a significant correlation between predicted
values in the model and measured values in the confirmatory group (Spearman’s ρ = 0.880, P = 1.16 × 10-56;
Figure 4).
Next, qualitative Hb decline value at week 2 was estimated by significantly independent variables in the derivation group. The model was expressed as: ŷ = 2.922 1.067 × SNP rs1127354 (where genotype CC was 1 and
CA/AA was 0) - 0.276 × baseline Hb + 0.008 × GFR (R
= 0.528, R2 = 0.279, adjusted R2 = 0.274, Durbin-Watson
test = 0.537, P = 4.49 × 10-31). The correlation between
predicted values in the model and measured values in the
confirmatory group was statistically significant but rela-

Figure 3 Receiver operating characteristic curves generated with every
cut-off point of predicted probability of significant hemoglobin decline
(> 3.0 g/dL at week 4 of treatment) corresponding to each hemoglobin
decline from baseline at week 2 of treatment. The area under the curve was
0.913 (95% confidence interval: 0.885-0.941, P = 4.08 × 10-43). When the sensitivity and false-positive rate were 0.844 and 0.131, the Youden’s index value
of 0.713 was maximal. The optimal cut-off point of hemoglobin decline at 2 wk
was 1.45 g/dL.

(Figure 3). The AUC was 0.913 (95%CI: 0.885-0.941, P
= 4.08 × 10-43). The maximal value of Youden’s index
was 0.713. The sensitivity and false-positive rate were
0.844 and 0.131, respectively. The optimal cut-off point
of Hb decline at week 2 was 1.45 g/dL.
When this variable, together with baseline variables,
was incorporated into multiple logistic regression analysis to generate a statistic model for predicting significant
Hb decline, the re-performed analysis using the derivation group data identified four significantly independent
variables: Hb decline at week 2 [P = 3.29 × 10-17, OR =
7.54 (g/dL), 95%CI: 4.71-12.05], GFR [P = 2.16 × 10-4,
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tively weak (Spearman’s ρ = 0.566, P = 2.41 × 10-17).

of the top significance. The combined ITPA activity
variable with another functional SNP rs7270101 is a
stronger determinant of anemia than either ITPA SNP
alone in European-Americans[16], whereas rs7270101 is
not polymorphous in the Japanese population as registered in the HapMap database and reported by others[17,18,23]. One SNP, rs6051702 at the C20orf194 located
near the ITPA, linked to the ITPA SNPs, also confers
protection against anemia in European-Americans[15],
while the association was statistically significant but
weak in one Japanese cohort [18]. This Japanese study
population showed no significant association (Table 3),
supporting that rs1127354 is a single causal variant responsible for protection against anemia in the Japanese
genetic cohort[17].
Certainly, the ITPA SNP rs1127354 minor variant A
is a strong protective allele for anemia. In this overall cohort, none (0%) and three (3%; who had genotype CA)
of patients with minor variant A had significant anemia
and significant Hb decline, respectively (Figure 1). Therefore, negative predictive value of minor variant A was
100% and 97.7%, respectively. The noticeable distinction was in excellent agreement with other studies[15,18].
With respect to the likelihood of these anemic events,
patients with minor variant A may be monitored less
intensively and recommended to receive normal RBV
doses, even in patients with relatively low baseline Hb, or
more aggressive dose escalation strategies irrespective of
baseline Hb. It is noteworthy that genotype AA patients
with predicted ITPA deficiency, including seven patients
with baseline Hb < 13.0 g/dL (range, 11.7-12.9 g/dL),
showed no or little change in the Hb concentration (data
not shown), although the number was small.
As shown in this study and another[18], however, only
25% of the Japanese population has minor variant A.
The remaining 75% have major genotype CC. Positive
predictive values of major genotype CC alone for significant anemia and significant Hb decline were low (14.3%
and 39.1%, respectively), and values of predictive accuracy were low (35.7% and 53.5%, respectively). The
range of Hb decline varied widely among individuals
with genotype CC, indicating that some of them showed
little or no change in Hb decline. Even in minor genotype CA carriers, it also varied widely and was similar to
that of genotype CC patients (Figure 2). These findings
strongly suggest that any factors other than the strong
predictor ITPA SNP could affect hemolysis positively or
negatively. Therefore, it is highly unlikely that the ITPA
SNP (except genotype AA) is used alone to determine
clinical decision making for treatment modification. In
fact, several factors independently and strongly influenced treatment-induced anemia as well as the ITPA
SNP in this study.
The clearance rate of RBV from the body is of critical importance for influencing treatment outcome and
RBV-induced anemia, because the clearance parameters,
such as CL/F and Ccr, reflect plasma/serum RBV con-

DISCUSSION
As mentioned in the introduction section, peg-IFN
α plus RBV combination will be in demand for the
foreseeable future. Patients at a high risk of developing RBV-induced hemolysis will expose themselves to
a more increased risk for treatment-induced anemia in
triple combination treatment. Identifying such high-risk
patients and predicting the severity of anemia in individuals may provide an early decision to commence treatment with normal or reduced dosage and to keep the
dose reduction to a minimum to lessen the disadvantages
of anemia with adequate exposure to RBV continuing.
To date, many studies have proposed factors that could
influence the probability of clinically significant anemia
in RBV-based treatment: age, sex[11,12], race, pre-existing
cirrhosis[14], baseline Hb concentration[11,20], Ccr[14,20], CL/
F[8,9], drug exposure[12-14], plasma RBV concentration[10],
Hb decline at week 2 of treatment[12,14,20], and SNPs at
the ITPA[15-18], C20orf194[15] and nucleoside transporter
genes[19]. However, the definition of anemia or end point
of analysis varied a little among previous studies, possibly leading to alteration of significant predictors. Despite
these useful predictors, there is no convenient prediction
model or formula for estimating the likelihood of clinically significant anemia that has been defined previously
and used generally[15]. This study provided relevant numerical expressions constructed by independent variables for predicting the differentially defined anemia: Hb
concentration < 10.0 g/dL (significant anemia) and a decline in Hb concentration > 3.0 g/dL (significant Hb decline) at week 4 of treatment and qualitative Hb decline
at week 2 and 4. This is believed to be the first report to
construct the prediction models by using reliable factors:
the ITPA SNP rs1127354, baseline Hb concentration,
estimated GFR, and quantitative Hb decline at week 2
of treatment, irrespective of the different definitions of
anemia. The significant baseline factors that were shown
in this study appear to influence treatment-induced anemia in triple combination treatment (under investigation,
data not shown).
Two functional ITPA variants conferring ITPA deficiency or reduced activity are known to contribute
most to protection against RBV-induced hemolytic
anemia[15-18]. Inosine triphosphate (ITP) is hydrolyzed by
ITPA to inosine monophosphate. Therefore, ITPA deficiency or low activity causes the accumulation of ITP in
red blood cells (RBCs)[24-26]. The accumulated ITP may
compete with the accumulated triphosphate form of
RBV that could mediate oxidative damage to the RBC
membrane and extravascular destruction[25-27], thereby
protecting RBCs against RBV-induced hemolysis. As
also shown in this study, one functional SNP rs1127354
is prominently associated with differentially defined anemia. Of note, however, the SNP was not always a factor
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centrations at week 4 of treatment, which means the
steady phase of treatment [8-10,14,20,28]. Higher or lower
values of the parameters are correlated closely with
lower or higher plasma/serum concentrations, respectively. Higher plasma/serum concentrations lead to an
increased risk for progression of anemia as well as the
higher probability of achieving SVR. Indeed, this study
confirmed that the clearance rate is associated significantly and independently with RBV-induced anemia
irrespective of the different definitions. This study also
analyzed which of three parameters estimated by the
formulae were the most stable for predicting clinically
significant anemia. These formulae are composed by age,
sex, BW and serum creatinine. Age and sex have been
reported to affect treatment-induced anemia and dose
reduction, and could reflect reactivity to treatment, tolerance and pharmacological metabolism[11,12,29]. Japan is
one of the countries with the longest living people and
the world’s fastest aging society, therefore, the clearance
rate should especially be taken into account in RBVbased treatment of Japanese patients. The reason that
estimated GFR remained an independent factor in the
final model may be that the formula has been built up
based on data from the Japanese population.
Higher baseline Hb concentration was significantly
associated with the likelihood of significant Hb decline.
Conversely, lower baseline Hb concentration was linked
to significant anemia. These findings may be a matter of
course. However, most of this study population received
treatment without RBV dose reduction as scheduled,
suggesting that kinetics of Hb decline within the first 4
wk of treatment might be delayed in patients with lower
baseline Hb concentration. A certain threshold of Hb
concentration might limit the progression of anemia independent of baseline Hb concentration. At least in Japanese patients, the two different definitions of anemia,
significant Hb decline and significant anemia, should be
separately analyzed and discussed.
In this multivariate analysis, qualitative Hb decline
at week 2 of treatment was most highly predictive of
significant Hb decline, compared to the strong predictor
ITPA SNP rs1127354 and other baseline factors. Previous studies have shown that Hb decline of 2.0 g/dL at
week 2 of treatment was predictive of Hb concentration
< 10 g/dL or < 8.5 g/dL during the treatment[12,20]. In
another study, Hb decline of 1.5 g/dL at week 2 was
predictive of Hb decline ≥ 2.5 g/dL at week 4[14]. In
this ROC analysis, the best cutoff value for Hb decline
at week 2 was 1.45 g/dL. Taken together, Hb decline at
week 2 is an excellent early predictor of subsequent Hb
decline and could identify candidates for early intervention to maintain RBV dosing and adequate exposure.
Indeed, the formula including this on-treatment variable
improved positive and negative predictive values and
predictive accuracy for significant anemia and significant
Hb decline. When considered along with other independent baseline factors predictive of qualitative Hb decline
at week 4, the final model yielded high significant values
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that represented goodness of fit. Using such a timely ontreatment variable and formula, more exact identification
of patients prone to clinically significant anemia, early
intervention with RBV dose reduction, and more careful
monitoring may be indicated to reduce anemia-related
adverse effects and avoid premature discontinuation of
RBV.
ITPA SNP rs1127354, baseline Hb concentration
and estimated GFR influenced Hb decline at week 2
significantly and independently, as well as that at week 4.
However, it appears to be difficult to predict qualitative
Hb decline at week 2 by using the multiple linear regression model. The point for attention is that the models
and formulae did not perfectly predict the likelihood of
the anemia, strongly suggesting the possibility that other
unidentified factors associated with early occurring anemia might be lost, such as rare SNPs, brittleness of the
RBC membrane against intracellular triphosphate form
of RBV, or intracellular concentration of ITP.
In conclusion, convenient formulae for qualitatively
or quantitatively predicting the likelihood of differentially defined anemia could be generated by significant
independent factors in RBV-based treatment for chronic
HCV infection. Such trial modeling may be useful in
guiding clinical decision making on treatment modification: identifying the predisposition to develop RBVinduced anemia before treatment initiation or at the early
treatment phase, and developing the individual tailoring
and optimization of RBV dosage to maximize the treatment efficacy and minimize RBV-related adverse effects.
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Characteristics of deslanoside-induced modulation on
jejunal contractility
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tional regulation (BR) was abolished in the presence
of tetrodotoxin. Deslanoside did not affect jejunal con2+
tractility pretreated with the Ca channel blocker vera2+
pamil or in a Ca -free assay condition. The stimulatory
effect of deslanoside on JSMF in a low contractile state
2+
(low Ca induced) was abolished by atropine. The
inhibitory effect of deslanoside on jejunal contractil2+
ity in a high contractile state (high Ca induced) was
blocked by phentolamine, propranolol and L -NG-nitroarginine, respectively.
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AIM: To characterize the dual effects of deslanoside
on the contractility of jejunal smooth muscle.

ment of Physiology and Biophysics, Virginia Commonwealth
University, PO Box 980551, Richmond, VA 23298, United
States; Angelo A Izzo, Professor, Department of Experimental
Pharmacology, University of Naples Federico II, Via D Montesano 49, 80131 Naples, Italy; Oliver Grundmann, PhD, Clinical
Assistant Professor, Department of Medicinal Chemistry, College of Pharmacy, University of Florida, 1600 SW Archer RD,
Room P6-20, Gainesville, FL 32610-0484, United States

METHODS: Eight pairs of different low and high contractile states of isolated jejunal smooth muscle fragment (JSMF) were established. Contractile amplitude
of JSMF in different low and high contractile states was
selected to determine the effects of deslanoside, and
Western blotting analysis was performed to measure
the effects of deslanoside on myosin phosphorylation
of jejunal smooth muscle.

Chen DP, Xiong YJ, Tang ZY, Yao QY, Ye DM, Liu SS, Lin Y.
Characteristics of deslanoside-induced modulation on jejunal
contractility. World J Gastroenterol 2012; 18(41): 5889-5896
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i41/5889.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i41.5889

RESULTS: Stimulatory effects on the contractility of
JSMF were induced (45.3% ± 4.0% vs 87.0% ± 7.8%,
P < 0.01) by deslanoside in 8 low contractile states,
and inhibitory effects were induced (180.6% ± 17.8%
vs 109.9% ± 10.8%, P < 0.01) on the contractility of
JSMF in 8 high contractile states. The effect of deslanoside on the phosphorylation of myosin light chain of
JSMF in low (78.1% ± 4.1% vs 96.0% ± 8.1%, P <
0.01) and high contractile state (139.2% ± 8.5% vs
105.5 ± 7.34, P < 0.01) was also bidirectional. Bidirec-
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INTRODUCTION
More than 200 naturally occurring cardiotonic glycosides
(CGs, cardiac glycosides) have been identified to date[1].

5889

November 7, 2012|Volume 18|Issue 41|

Chen DP et al . Deslanoside induced bidirectional regulation

CGs have long been and will continue to be used in the
treatment of congestive heart failure and have entered
the clinical trial phase for treating cancer[2-5]. CGs enhance the myocardial contraction by increasing intracellular Ca 2+ via inhibiting the activities of Na +/K +ATPase[6-8]. CGs ouabain has been found to induce excitation on colonic smooth muscle[9]. Toxic effects of CGs
are observed in clinics, e.g., atrioventricular block, bradycardia, and gastrointestinal irritation[1]. Probably due to
the fact that no therapeutic applications are yet known,
the characteristics of CGs on the intestinal motility have
rarely been investigated.
Intestinal motility is mainly modulated by neurotransmitters and hormones; the neuronal regulation of intestinal motility involves intrinsic, e.g., enteric nervous
system (ENS), as well as extrinsic nerves, e.g., the sympathetic and parasympathetic nervous system (SPNS)[10].
The central nervous system is able to modulate, but not
entirely control, the motor activity by sending instructions
via SPNS, and ENS modulates the motility of intestinal
smooth muscle even when isolated from the body to
fulfill pivotal functions[10,11]. In this study, we proposed
a hypothesis that inducible bidirectional regulation (BR)
is the major autonomous control of intestinal motility
in the absence of CNS control, and that both low and
high contractile states of intestinal smooth muscle can
be regulated back toward normal contractile state by a
single CGs deslanoside-induced BR. To test the hypothesis, different low and high contractile states of intestinal
smooth muscle were established. Considering both colon
and small intestine are sites of “abnormal” motility in
intestinal smooth muscle disorders, e.g., irritable bowel
syndrome (IBS)[12-14], and that the jejunum is a “typical”
region of the small intestine, we chose to investigate
the contractility of isolated jejunal smooth muscle fragment (JSMF) and its underlying mechanisms involved in
deslanoside-induced BR.

prepared according to the methods described previously[20,21]. Jejunum was isolated from normal, CP and DP
rats. Jejunal fragments were cut into approximately 2 cm
in length (tubes). One end of the jejunal fragment in longitudinal direction was fixed to the wall of a tissue bath
chamber (20 mL volume), and the other end was connected to a force-displacement transducer. This montage
measured the contractile response of JSMF.
Contractility determination
The organ bath was maintained at 37 ℃, and the resting
tension was set optimally at 1.0 g. Preliminary experiments showed that this load stretched tissues to their optimal length for force development during contraction.
JSMF was allowed to equilibrate in aerated Krebs buffer
for 50 min and the bath solution was replaced every 10
min. Contractile amplitude of JSMF was measured from
the baseline to the peak and was expressed as a percentage of normal contractile amplitude. Contractile amplitude was recorded and identical time-interval of each
assay with the same start and stop time was chosen to
compare the amplitude before and after drug treatment
in different assay conditions. The mean amplitude was
calculated from six independent assays.
Ex vivo assay condition
The contractility of JSMF was measured in Krebs buffer (118 mmol/L NaCl, 4.7 mmol/L KCl, 1.2 mmol/L
KH2PO4, 1.2 mmol/L MgSO4, 4.2 mmol/L NaHCO3, 2.5
mmol/L CaCl2, 10 mmol/L glucose; pH 7.4) and selected
as the normal contractile state (NCS). The jejunal contractility measured in modified low Ca2+ (1.25 mmol/L)
and high Ca2+ (5.0 mmol/L) Krebs buffer was selected
as the representative low contractile state (RLCS) and
representative high contractile state (RHCS), respectively,
since spontaneous contractions of intestinal smooth
muscle were paralleled to intracellular Ca2+ concentration[22,23]. One pair of low-high contractile states was established from jejunal smooth muscle isolated from CP
and DP rats. The other six pairs of low-high contractile
states were generated by incubating JSMF in modified
low K+ (2.5 mmol/L)-high K+ (10.0 mmol/L) Krebs
buffer, low Na+ (100 mmol/L)-high Na+ (150 mmol/L)
Krebs buffer, high Mg 2+ (3.0 mmol/L)-low Mg 2+(1.0
mmol/L) Krebs buffer, adrenaline (5.0 μmol/L)-ACh
(5.0 μmol/L) Krebs buffer, quercetin (10.0 μmol/L)capsaicin (10.0 μmol/L) and nitric oxide (NO) donor
sodium nitroprusside (SNP) (5 μmol/L)-erythromycin
(10 μmol/L) Krebs buffer[24,25]. After the stable contractile state of jejunal contraction was obtained, deslanoside
was added to the bath to make a final concentration of
20 μmol/L, unless otherwise indicated.

MATERIALS AND METHODS
Experimental models of diarrhea and constipation
The animal protocol was approved by Dalian Medical University Animal Care and Ethics Committee, and
all experimental procedures described were carried
out in accordance with the Declaration of Helsinki.
Sprague-Dawley rats (200-250 g) were used in the assay.
Constipation-predominant (CP) rats were established by
daily gavage with cool water (0 ℃-4 ℃) for 14 d, and the
control rats were prepared by daily gavage with water at
room temperature[15,16]. Diarrhea-predominant (DP) rats
were established by intracolonic instillation of acetic acid
and restraint stress, and control rats received intracolonic
instillation with saline[17-19]. The granule number and the
moisture content of the feces from the control group
and the model group were measured daily, and the body
mass was recorded once every 3 d.

Western blotting analysis
The phosphorylation of myosin light chain (PMLC) in
jejunum was examined by Western blotting as described
previously[26,27]. JSMF was immediately treated with low
Ca2+ or high Ca2+ Krebs buffer for 1 min in the absence
or presence of 20 μmol/L deslanoside, and then were

Tissue preparation
Tissue fragments from the intact tubular jejunum were
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Table 1 Effects of deslanoside on the contractility of jejunal smooth muscle pretreated with receptor antagonist
Agents

Normal contractile state
Pre-deslanoside

Krebs buffer
Atropin
Diphenhydramine
Cimetidine
Phentolamine
Propranolol
L-NNA

100.0 ± 12.1
93.3 ± 6.3
109.0 ± 14.3
100.0 ± 11.8
92.5 ± 6.5
89.4 ± 9.8
103.0 ± 11.3

Low contractile state

Post-deslanoside

Pre-deslanoside

149.0 ± 13.0b
155.0 ± 15.1b
145.2 ± 13.1b
153.4 ± 13.0b
160.6 ± 16.2b
145.5 ± 14.2b
150.0 ± 13.2b

39.1 ± 2.8
29.1 ± 1.1
46.5 ± 3.8
42.9 ± 3.9
55.4 ± 5.5
33.2 ± 2.6
51.3 ± 4.6

Post-deslanoside
89.1 ± 5.1b
32.4 ± 3.3
94.0 ± 4.9b
93.4 ± 8.1b
90.6 ± 5.2b
95.6 ± 7.8b
119.6 ± 12.5b

High contractile state
Pre-deslanoside

Post-deslanoside

177.7 ± 16.0
149.7 ± 11.0
169.6 ± 15. 2
180.1 ± 17.4
189.3 ± 19.2
163.1 ± 16.1
190.5 ± 18.2

109.3 ± 11.9b
100.3 ± 11.2b
108.5 ± 11.6b
113.3 ± 12.1b
184.5 ± 17.2
161.7 ± 17.3
195.1 ± 19.1

Contractile amplitude of isolated jejunal smooth muscle fragment in normal contractile state is defined as 100% (control). Other data are the relative value (%)
compared with control, and are expressed as the mean ± SE; bP < 0.01 vs the data prior to deslanoside treatment (n = 6). L-NNA: L-NG-nitroarginine.

frozen and stored in liquid nitrogen. Ground product was
incubated for 30 min in ice-cold homogenization buffer.
The blots on nitrocellulose filter membrane were probed
with phosphor-myosin light chain 2 (Ser 19) antibody
(1:1000) [No. 3671, Cell Signaling Technology, Inc (CST),
United States] and myosin light chain 2 (total myosin light
chain) antibody (1:1000) (No. 3672, CST, United States)
at 4 ℃ with gentle shaking overnight. Anti-rabbit IgG secondary antibodies were used at 1:2500 for 60 min at room
temperature and bands were detected and quantified using
Multispectral imaging system (UVP, United States).

high contractile states (Figure 1C).
Western blotting analysis
The PMLC in jejunum was significantly decreased in
RLCS in comparison with that in NCS (100.0% ± 9.4%
vs 78.1% ± 4.1%, P < 0.01), and was significantly increased at RHCS in comparison with that in NCS (100.0%
± 6.7% vs 139.2% ± 8.5%, P < 0.01) (Figure 2). Deslanoside significantly increased the PMLC in RLCS (78.1%
± 4.1% vs 96.0% ± 8.1%, P < 0.01), and significantly
decreased the PMLC in RHCS (139.2% ± 8.5% vs 105.5
± 7.34, P < 0.01).

Drugs
Injectable deslanoside was obtained from Sine Pharmaceutical (Shanghai, China). Capsaicin and quercetin was
purchased from Chengdu Biopurify Phytochemicals Co.
Ltd, China. Tetrodotoxin (TTX) was a product of Aladdin Chemistry Co. Ltd (Shanghai, China). Unless otherwise indicated, chemicals were obtained from Sigma
(United States).

Effects of deslanoside on the contractility of JSMF in
the presence of TTX
In the presence of TTX, BR was not observed when
deslanoside was tested on the contractility of JSMF in
RLCS and RHCS (Figure 3).
Underlying mechanisms involved in deslanoside-induced
BR
Deslanoside, at bath concentrations of 5 µmol/L, 20 µmol/
L and 80 µmol/L, did not affect jejunal contractility in a
Ca2+-free assay condition, and 20 µmol/L deslanoside did
not stimulate the contractility of JSMF pre-incubated with
the Ca2+channel blocker verapamil at normal, low and high
contractile states (Figure 4).
The underlying mechanisms involved in deslanosideinduced BR were investigated. Muscarinic receptor antagonist atropine abolished the stimulatory effect of deslanoside
on the contractility of JSMF in RLCS (Table 1; Figure 5A).
Neither histamine H1-receptor antagonist diphenhydramine
nor histamine H2-receptor antagonist cimetidine blocked
deslanoside-induced stimulatory effects on the contractility of JSMF in RLCS (Table 1; Figure 5A). α-adrenergic
receptor antagonist phentolamine, β-adrenergic receptor
antagonist propranolol and NO synthase inhibitor L-NNA
abolished deslanoside-induced inhibitory effect on the contractility of JSMF in RHCS (Table 1; Figure 5B).

Statistical analysis
Student’s t test was used to compare statistical differences between two groups, and P < 0.05 was considered
statistically significant.

RESULTS
Deslanoside-induced BR on the contractility of JSMF
Deslanoside exerted stimulatory effects on JSMF in NCS in
a dose range of 5-160 µmol/L (Figure 1A).
Eight low and 8 high contractile states of jejunal
smooth muscle were established as described in Materials and Methods. The contractility of JSMF in both
low and high contractile states was statistically different
from that of normal control (Figure 1). Deslanoside (20
µmol/L) was used in all the assays based on the fact
that deslanoside-induced BR on jejunal contractility was
observed in a dose range of 10-40 µmol/L. Deslanoside
produced significant stimulatory effects (45.3% ± 4.0%
vs 87.0% ± 7.8%, P < 0.01) on the contractility of JSMF
in all 8 low contractile states (Figure 1B), and produced
significant inhibitory effects (180.6% ± 17.8% vs 109.9%
± 10.8%, P < 0.01) on the contractility of JSMF in all 8
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Eight pairs of low-high contractile states were established to imitate intestinal hyper- and hypomotility and
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Figure 1 Deslanoside-induced bidirectional regulation on the contractility of jejunal smooth muscle fragment. A: Dose response relationship of caslano side;
B, D: Representative traces and statistical analysis of total traces from six independent experiments of deslanoside-induced bidirectional regulation on the contractility
of jejunal smooth muscle fragment (JSMF) in eight low contractile states (LCS); C, E: Representative traces and statistical analysis of total traces from six independent experiments of deslanoside-induced bidirectional regulation on the contractility of JSMF in eight high contractile states (HCS). The median value of contractile
amplitude of JSMF in normal contractile state is set to 100%, normal contractile state (NCS, control). Low and high contractile states of JSMF are the relative values
compared with NCS. Data are expressed as the mean ± SE (%NCS, n = 6); bP < 0.01 vs the control; dP < 0.01 vs contractile amplitude of JSMF in LCS or HCS before
deslanoside administration. CP: Constipation-prominent rats; DP: Diarrhea-prominent rats: SNP: Sodium nitroprusside; Ach: Acetylcholine.

constipation (hypo-motility), IBS with diarrhea (hypermotility), and IBS with alternating symptoms of both
constipation and diarrhea (IBS-A)[13,14,29]. None of the
currently available drugs are globally effective in treating
all IBS symptoms[30], and developing treatment strategies

to evaluate the characteristics of deslanoside-induced
BR and potential clinical implication. IBS is known as
one of the major functional gastrointestinal disorders,
affecting approximately 10% of all adults worldwide[28].
IBS is usually categorized into three subclasses: IBS with
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Figure 2 Western blotting analysis of the phosphorylation of myosin light
chain. A: Representative images of Western blotting of the phosphorylation of
myosin light chain (PMLC) of jejunum; B: Statistical analysis of band intensities of the PMLC in 4 independent experiments in normal contractile state
(NCS, control), representative low contractile state (RLCS), and representative
high contractile state (RHCS). To correct for loading variations, the result is
expressed as a ratio of phosphor-myosin light chain to myosin light chain and
NCS control is defined as 100%. Data represent mean ± SE from 4 independent experiments; bP < 0.01 vs RLCS; dP < 0.01 vs RHCS. D: Deslanoside.
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analysis obtained from 6 independent assays in identical assay conditions as (A)
and as (B). The mean contractile amplitude of JSMF without drug treatment in
NCS is set to a relative value of 100%, other data are expressed as mean ± SE
(% NCS, n = 6); bP < 0.01 vs the control group.
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for patients with IBS has been difficult because of the lack
of pharmacological targets and the wide range of symptomatology[31]. Considering that the precise cause of IBS
is unknown and it is unlikely that one single factor could
explain all instances of IBS[32], we established various assay conditions to mimic the possible intestinal hyper- and
hypo-motility. These low and high contractile states of
isolated intestinal smooth muscle were established (1) by
changing ionic concentration in assay buffers; (2) using inhibitory and stimulatory neurotransmitters, or using exog-

a
Baseline

TTX

Deslanoside

Figure 3 Effects of deslanoside on the contractility of jejunal smooth muscle
fragment pretreated with tetrodotoxin. A: Representative traces of deslanoside
on the contractility of jejunal smooth muscle fragment (JSMF) pre-treated with tetrodotoxin in normal contractile state (NCS), representative low contractile state (RLCS)
and representative high contractile state (RHCS); B: Statistical analysis obtained
from independent assays. Other data are the relative values compared with NCS.
Data are expressed as the mean ± SE (%NCS, n = 6); aP < 0.05, bP < 0.01 vs contractile amplitude of JSMF after treatment with tetrodotoxin (TTX), (0.1 μmol/L).
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Figure 5 Effects of deslanoside on the contractility of jejunal smooth muscle fragment pretreated with receptor antagonist. A: Effects of deslanoside on the
contractility of jejunal smooth muscle fragment (JSMF) pretreated with 10 μmol/L atropine, 10 μmol/L diphenhydramine and 10 μmol/L cimetidine in the representative
low contractile state (RLCS), respectively; B: Effects of deslanoside on the contractility of JSMF pretreated with 10 μmol/L phentolamine, 5 μmol/L propranolol and 10
μmol/L L-NG-nitroarginine (L-NNA) in the representative high contractile state (RHCS), respectively.

enous inhibitors and stimulators in the assay buffers; and
(3) using isolated intestinal smooth muscle obtained from
constipation-prominent rat model and diarrhea-prominent
rat model.
In this study, we tried to evaluate the possibility that
whether deslanoside-induced adverse gastrointestinal irritation could be beneficialized as a potential therapeutic
effect on the intestinal smooth muscle dysfunction, and
characterized deslanoside-induced BR on the contractility
of JSMF. Deslanoside was found to induce stimulatory
effects on JSMF in all eight low contractile states and
induced inhibitory effects on JSMF in all eight high contractile states. In accordance with deslanoside-induced BR
on the contractility of JSMF, the effects deslanoside on
myosin phosphorylation of JMSF were also bidirectional.
Activation of muscarinic receptor increases the intestinal motility and stimulation of α and β-adrenoceptors
inhibits intestinal motility. Inhibition of intestinal motility is also mediated by NO, a nonadrenergic, noncholinergic neurotransmitter, producing its effect by directly
acting on smooth muscle and by indirectly inhibiting
acetylcholine and substance P releasing[33,34]. Based on
the aforementioned mechanisms involved in the modulation of intestinal contractility, our results have the following implications. The evidence that atropine blocked
the stimulatory effects of deslanoside on JSMF in RLCS
implies that stimulatory effects of deslanoside on JSMF
in low contractile state are correlated with M receptor
linked stimulation; and the evidence that phentolamine,
propranolol and L-NNA abolished the inhibitory effects of deslanoside on JSMF in RHCS suggests that
the inhibitory effects of deslanoside are correlated with
adrenergic α, β receptor, as well as NO synthase linked
relaxing mechanisms. Deslanoside-induced BR is Ca2+dependent, since it neither affected jejunal contractility
in a Ca2+-free assay condition, nor stimulated jejunal
contractility pre-incubated with the Ca2+ channel blocker
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verapamil in normal, low and high contractile states (Figure 4). The evidence that deslanoside-induced BR is not
observed in the presence of TTX implies that deslanoside-induced BR is based on the presence of ENS.
Compared with controls (85.3 ± 37.3 min), the transit times (a measurement of bowel movement) obtained
in constipation-predominant (67.4 ± 19.6 min) and diarrhea-predominant patients with IBS (108.4 ± 34.3 min)
were decreased and increased, respectively (P < 0.05)[35].
The results implicate that deslanoside-induced BR on
jejunum is informative for preclinical investigation of a
drug with potential value for the modulation of both abnormally low and high contractility of intestinal smooth
muscle. To relieve the symptoms of functional bowel
disorders, such as alternating-type IBS, BR-inducer de
slanoside could be considered for the potential future
clinical application.
It is known that ENS is highly interconnected and responsible for secreting at least 50 different modulators, regulating intestinal motility and other functions[36]. We are still
not clear about the diverse mechanisms for BR induction,
including how dozens of neurotransmitters in intestinal
smooth muscle are interrelated in normal contractile state,
and how they correlate with BR in both the low and high
contractile states. Although we have partially revealed the
characteristics of deslanoside-induced BR, further study is
still required to identify the detailed mechanisms.
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Irritable bowel syndrome (IBS) is known as one of major functional gastro-
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intestinal disorders, contracting approximately 10% of all adults world wide.
Cardiotonic glycosides (CGs) have long been and continue to be used in the
treatment of congestive heart failure and have entered clinical trials for treating
cancer. Gastrointestinal irritation of CGs has been reported, however, the characteristics of CGs on intestinal motility remain unknown.

9

Research frontiers

10

Developing treatment strategies for patients with IBS has been difficult because
of the lack of pharmacological targets and the wide range of symptomatology,
especially in the alternating-type IBS (IBS-A) which is a functional gastrointestinal disorder with alternating symptoms of both constipation and diarrhea.

11
12

Innovations and breakthroughs

The present study established 8 pairs of low-high contractile states to mimic
the possible intestinal smooth muscle disorders. These different low and high
contractile states of isolated intestinal smooth muscle were established by
changing ionic concentration in assay buffers; using inhibitory and stimulatory
neurotransmitters; exogenous inhibitors and stimulators, respectively in the
assays; and isolated intestinal smooth muscle obtained from both constipationprominent rat model and diarrhea-prominent rat model. The results indicate that
the contractile state determines deslanoside-induced effects to be stimulatory
or inhibitory, namely, stimulatory effects on the contractility of intestinal fragment
were induced by deslanoside in all low contractile states, and inhibitory effects
were induced on the contractility of jejunal smooth muscle fragment (JSMF) in
all high contractile states. The present study indicates that deslanoside-induced
Bidirectional regulation (BR) requires the presence of enteric nervous system
and is Ca2+ dependent. The possible mechanism of deslanoside-induced BR is
related to cholinergic system when jejunal smooth muscle is in a low contractile
state, and related to adrenergic system and nitric oxide relaxing mechanism
when in a high contractile state.

13
14

15
16
17

Applications

18

The results implicate that deslanoside-induced BR on jejunum is informative for
preclinical investigation of a drug with potential value for the modulation of both
abnormally low and high contractility of intestinal smooth muscles. To relieve
the symptoms of functional bowel disorders, such as IBS-A, BR-inducer deslanoside could be considered for the potential future clinical application.

19

Terminology

IBS is usually classified into three subclasses: IBS with constipation (hypomotility), IBS with diarrhea (hyper-motility), and IBS with alternating symptoms
of both constipation and diarrhea.

20

This is a well done study that provides interesting insight into the action of
deslanoside. The study is complete, well-written and suitable for publication.
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RESULTS: ANXA2 expression was localized in both cell
membrane and cytoplasm in HCC tissue, mainly in the
cytoplasm of matched adjacent cancerous tissue, and
there was almost no positive staining in matched distant
cancerous tissue. Abnormal expression of liver ANXA2
was present in HCC tissues compared with self-controlled adjacent- and distant-cancerous tissues at protein or mRNA level. Circulating ANXA2 in HCC patients
was significantly higher than that of other liver diseases
(P < 0.01) except metastatic liver cancer. If the diagnostic cutoff value of ANXA2 level was more than 18 ng/
mL, the incidence of serum ANXA2 was 86.96% in the
HCC group, 80% in the metastatic liver cancer group,
31.58% in the liver cirrhosis group, none in the chronic
hepatitis or acute hepatitis or normal control group,
respectively. Serum ANXA2 expression in HCC patients
was correlated with HBV infection (27.38 ± 5.67 ng/mL
vs 18.58 ± 7.83 ng/mL, P < 0.01), extrahepatic metastasis (26.11 ± 5.43 ng/mL vs 22.79 ± 5.64 ng/mL, P <
0.01), and portal vein thrombus (26.03 ± 5.99 ng/mL
vs 23.06 ± 5.03 ng/mL, P < 0.01), and was significantly
higher (P < 0.01) in the moderately- (26.19 ± 5.34 ng/
mL) or the poorly- differentiated group (27.05 ± 5.13
ng/mL) than in the well differentiated group (20.43 ±
4.97 ng/mL), and in the tumor node metastasis stages
Ⅲ-Ⅳ (P < 0.01) than in stages Ⅰ-Ⅱ. ANXA2 was not
correlated with patient sex, age, size or α-fetoprotein
(AFP) level. Area under the receiver operating characteristic curve for the whole range of sensitivities and
specificities was 0.796 for ANXA2 and 0.782 for AFP.
Combining detection of serum ANXA2 and AFP substantially improved the diagnostic efficiency (96.52%) and
the negative predictive value (96.61%) for HCC.

Abstract
AIM: To investigate the characteristics and diagnostic
value of annexin A2 (ANXA2) expression in cancerous tissues and sera of patients with hepatitis B virus
(HBV)-related hepatocellular carcinoma (HCC).
METHODS: Levels of liver ANXA2 gene transcription
or protein expression were analyzed in HCC-, their selfcontrolled precancerous-, and distant cancerous- tissues from 30 HCC. Serum levels of ANXA2 expression
in 115 patients with HCC, 25 with metastatic liver can-
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CONCLUSION: The characteristics and distribution
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diagnostic value for hepatitis B virus (HBV)-related HCC
have not been reported up to now. In this study, the expression of hepatic and circulating ANXA2 was investigated in HCC patients and compared with expression in
benign liver diseases to evaluate the pathologic characteristics and efficiency in HCC diagnosis.

of ANXA2 expression has good diagnostic potential for
HCC diagnosis.
© 2012 Baishideng. All rights reserved.

Key words: Hepatocellular carcinoma; Annexin A2; Li
ver; Upregulation; Clinicopathological characteristics;
Diagnosis; Expression; Biomarker

MATERIALS AND METHODS

Peer reviewer: Fernando J Corrales, Associate Professor of

Collection of serum samples
We evaluated 115 HCC patients (88 men and 27 women)
who were treated at the Affiliated Hospital of Nantong
University, Nantong, China. Patient age ranged from
25 to 81 years (median, 48.3 years). Other cases studied
included 35 with chronic hepatitis, 28 with acute hepatitis, 38 with cirrhosis, and 25 with metastatic liver cancer
(liver metastasis of lung cancer, 6; gastric cancer, 6; acute
myeloid leukemia, 3; breast cancer, 3; colorectal cancer, 3;
cervical cancer, 2; and pancreatic cancer, 2) and samples
from 30 healthy people with hepatitis viral markers
[HBV-DNA, HBV surface antigen, and anti-hepatitis C
virus (HCV)] and a normal alanine aminotransferase level
obtained from the Nantong Central Blood Bank as controls. All cases were diagnosed by biochemical tests, viral
histology, and B-ultrasonic examination. Blood samples (5
mL) were collected with heparin in the morning and sera
separated immediately. α-fetoprotein (AFP) level was detected by a radiological method[15].

Biochemistry, Division of Hepatology and Gene Therapy, Proteomics Laboratory, CIMA, University of Navarra, Avd. Pío XII,
55, 31008 Pamplona, Spain
Zhang HJ, Yao DF, Yao M, Huang H, Wu W, Yan MJ, Yan XD,
Chen J. Expression characteristics and diagnostic value of annexin A2 in hepatocellular carcinoma. World J Gastroenterol
2012; 18(41): 5897-5904 Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/i41/5897.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i41.5897

INTRODUCTION
Hepatocellular carcinoma (HCC), as one of the most
malignant tumors, is the third leading cause of cancer-related death, especially in the inshore area of the Yangtze
River[1,2]. Surgical resection is not suitable for a considerable number of HCC cases because of metastasis, and
the long-term survival of postoperative HCC patients is
not satisfactory[3,4]. Its early detection and treatment is an
effective way to improve patient survival. Detection of
circulating markers is the most effective method because
it is simple, accurate and low cost, but no ideal biomarker
has been found so far[5,6]. Recent studies showed that annexin A2 (ANXA2) plays an important role in hepatocyte
malignant transformation and HCC development [7-9].
ANXA2, as the best characterized of the Annexin family, is a calcium-dependent phospholipid-binding protein
that plays a key role in the regulation of cellular growth
and signal transduction pathways[10]. It is reported that
ANXA2 expression is upregulated in HCC compared
with benign liver disease. Furthermore, its phosphorylation at residues of Tyr23 by c-Src is also increased[11,12],
and overexpression and tyrosine phosphorylation of
ANXA2 may be of functional relevance.
Evaluation of the diagnostic value of ANXA2 in
highly differentiated liver tumors suggests that adding sinusoidal ANXA2 expression to the marker panel [glypican
3, hepatoma-specific gamma-glutamyl transferase (HSGGT), and heat shock protein 70] increases the reliability
and objectivity of HCC diagnosis[13]. In addition, serum
ANXA2 levels in HCC patients are elevated by a quantitative sandwich enzyme linked immunosorbent assay
(ELISA) method[14]. It may be a serological marker for
HCC to enable early diagnosis, as well as monitoring of
aggressiveness, treatment responsiveness, recurrence and
survival. However, the clinicopathologic characteristics
of hepatic ANXA2 expression and the evaluation of its
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Collection of liver specimens
The cancerous-, the self-matched adjacent cancerous(more than 3 cm to cancer focus), and the distant cancerous- (more than 5 cm) specimens after surgical operation
were respectively taken from 30 HCC patients who were
treated at the Affiliated Hospital of Nantong University,
Nantong, China. One portion of each specimen was
immediately frozen in liquid nitrogen for total RNA
extraction [ANXA2 mRNA by real time quantitative
polymerase chain reaction (qPCR)], an extract was used
to determine liver ANXA2 by Western blotting, and the
remaining sample was fixed with 10% (vol/vol) formalin for ANXA2 immunohistochemistry. The diagnosis
of HCC and viral hepatitis was based on the criteria
proposed by the Chinese National Collaborative Cancer
Research Group[16] and at the Chinese National Viral
Hepatitis Meeting[17], respectively. Prior written informed
consent was obtained from all patients according to the
World Medical Association Declaration of Helsinki, and
the study received ethics board approval from the Affiliated Hospital of Nantong University, Jiangsu Province,
China.
ELISA
The level of serum ANXA2 was detected by using a human ANXA2 ELISA kit (Uscn Life Science Inc., Wuhan,
China) according to the manufacturer’s instructions. To
each well was added 100 μL of serum sample or standard
separately, and then 100 μL of detection reagent A was
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added and incubated for 1 h at 37 ℃. Subsequently, 100
μL of detection reagent B was added and incubated for
0.5 h at 37 ℃. Then, 90 μL of substrate solution was
added and incubated for 25 min at 37 ℃. Finally, 50 μL
of stop solution was added to each well, and absorbance
was read at 450 nm. During the procedure, washing the
plate was according to the ELISA routine method.

then transferred onto polyvinylidene fluoride membranes
and blocked with 5% bovine serum albumin in tris-buffered saline, pH 7.5 (100 mmol/L NaCl, 50 mmol/L Tris,
and 0.1% Tween-20). Membranes were immunoblotted
overnight at 4˚C with the anti-ANXA2 and anti-β-actin
antibodies (Santa Cruz Biotechnology, United States),
followed by respective horseradish peroxidase-conjugated
secondary antibodies. The bands were subsequently visualized by a chemiluminescence detection system (Millipore, United States), and density analysis was performed
by an image analyzer. The ANXA2 level was expressed
with the relative ratio (RR), which was calculated by the
following formula using signal intensity (SI) of ANXA2
and β-actin. RR = SI ANXA2/SIβ-actin.

Total RNA isolation and synthesis of cDNA
Total RNA was isolated from 50 mg of liver tissue, using
Trizol reagent (Invitrogen, United States) according to
the manufacturer’s instructions. The integrity of the total
RNA was examined by 1% agarose gel electrophoresis,
the quantity was determined based on absorbance at 260
nm (A260), and the purity was analyzed based on the absorbance ratio at 260 nm and 280 nm (A260/280) (Bio-RAD
smartspecTM plus, United States). The ANXA2 cDNA
was synthesized from 1 μg of total RNA using First
Strand cDNA Synthesis Kit (Fermentas, Canada) according to the manufacturer’s instructions.

Immunohistochemistry for ANXA2
The 3 μm thick sections were prepared from formalinfixed, paraffin-embedded tissue blocks. Sections were deparaffinized in xylene twice for 10 min, then dehydrated
through graded ethanol to distilled water for 5 min.
Deparaffinized 5 µm thick liver sections were washed
three times with phosphate buffered solution (PBS)
(pH 7.4), incubated in endogenous peroxidase blocking
solution (Immunostain EliVision Kit, Maxim Biotech,
United States), and then treated with 0.01 mol/L citrate
buffer pH 6.0 for 10 min in a microwave oven at 650 W.
Non-specific-antibody binding was blocked by pretreatment with PBS containing 0.5% bovine serum albumin
(fraction V powder, Sigma, United States). Sections were
then rinsed in PBS and incubated overnight at 4 ℃ with
diluted anti-human ANXA2 antibody (1:500, Santa Cruz
Biotechnology, United States) followed by three washes
in PBS containing 0.05% Tween-20. The steps were
performed using Immunostain EliVision kit according
to the manufacturer’s instructions. Sections were stained
with 3,3’-diamino-benzidine tetrahydrochloride as a chromogen. The slide was rinsed with distilled water, counterstained with hematoxylin, dehydrated, air dried, and
mounted. The negative control slides were treated with
nonspecific mouse IgG. The sections were examined
under light microscopy. ANXA2 staining was assessed
using the immunoreactive score. In detail, the percentage of positive cells was assessed semiquantitatively and
classified as follows: diffuse positive staining (+++) of
more than 50% of total cells; moderate staining (++),
16%-50%; weak staining (+), 5%-15%; and negative
staining (-), < 5%[19]. The results of staining were evaluated by two independent pathologists without knowledge
of the clinicopathologic features, and any difference in
interpretation was resolved by consensus. Duplicate tissue
cores for each tumor showed high levels of homogeneity for staining intensity and percentage of positive cells.
The higher score was taken as the final score in cases of
a difference between duplicate tissue cores.

qPCR
The qPCR was run on an Applied Biosystems StepOneTM
real-time PCR system according to the manufacturer’s
recommendations. The reaction solution contained 25 μL
2 × SYBR Premix Ex Taq (TaKaRa, Japan), 2 μL primer
mix, 1 μL 50 × ROX Reference Dye I, 4 μL cDNA, and
18 μL deionized water to make a total volume of 50 μL.
ANXA2 primers were as follows: forward, 5’-TGAGCGGGATGCTTTGAAC-3’, and; reverse, 5’-ATCCTGTCTC TGTGCATTGCTG-3’; β-actin primers were as
follows: forward, 5’-ATTGCC GACAGGATGCAGA-3’,
and reverse, 5’-GAGTACTTGCGCTCAGGAGGA-3’
used as an internal control[18], while no template control
(H2O) was included in each reaction run. The optimized
PCR conditions were as follows: 1 cycle at 95 ℃ for 2
min; 40 cycles at 95 ℃ for 10 s, 62 ℃ for 1 min and final
extension at 60 ℃ for 15 s. The relative quantitative analysis was performed by comparison of the 2-∆∆Ct values.
Western blotting
Liver tissues were homogenized in an ice-cold homogenization buffer containing 50 mmol/L 3-(N-Morpholino)
propanesulfonic acid buffer (pH 7.4), 100 mmol/L KCl,
320 mmol/L sucrose, 50 mmol/L NaF, 0.5 mmol/L
MgCl2, 0.2 mmol/L dithiothreitol, 1 mmol/L EDTA, 1
mmol/L EGTA, 1 mmol/L Na3VO4, 20 mmol/L sodium pyrophosphate, 20 mmol/L β-phosphoglycerol,
1 mmol/L p-nitrophenyl phosphate, 1 mmol/L benzamidine, 1 mmol/L phenylmethylsulfonyl fluoride, and
5 μg/mL each of leupeptin, aprotinin, and pepstatin A.
The homogenates were centrifuged at 800 g for 10 min at
4 ℃. The supernatants were collected, and total protein
concentrations were determined by an enhanced bicinchoninic acid protein assay kit (Beyotime Institute of
Biotechnology, China). A total of 20 mg of protein of
each sample was run on a 15% sodium dodecyl sulfatepolyacrylamide gel electrophoresis. The proteins were
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Statistical analysis
The data are expressed as mean ± SD. Differences between different groups were evaluated by using a Student
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Figure 1 Annexin A2 protein level in liver tissue of hepatocellular carcinoma. A: Representative images of Western blotting. The protein levels of annexin
A2 (ANXA2) and β-actin were detected and the latter served as the control; B: The statistical results indicated that the level of ANXA2 expression was obviously
increased in hepatocellular carcinoma (HCC) tissues compared with the matched adjacent- or the distant-cancerous tissues (P < 0.001). Three independent experiments were repeated, and the results are given as mean ± SD. HCC-T: HCC tissues; AC-T: Adjacent cancerous tissues; DC-T: Distant cancerous tissues.

Table 1 Relative quantity of hepatic annexin A2 mRNA and annexin A2 expression in hepatocellular carcinoma-, adjacent-, and
distant-cancerous tissues (n = 30) (mean ± SD)
Group

CtANXA2

HCC tissues
Adjacent cancerous tissues
Distant cancerous tissues
b

Ctβ-actin

∆Ct

21.63 ± 0.09 21.19 ± 0.07 0.44 ± 0.06
24.29 ± 0.09 22.60 ± 0.08 1.70 ± 0.12
24.71 ± 0.06 22.13 ± 0.06 2.57 ± 0.07

-∆∆Ct

2

1
0.43 ± 0.10b
0.23 ± 0.07b

Z

Annexin A2 intensity
-

+

++

+++

0
3
30

1
16
0

7
11
0

22
0
0

6.113b
7.328b

P < 0.01 vs the hepatocellular carcinoma (HCC) tissue group. -: Negative staining; +: Weak staining; ++: Moderate staining; +++: Diffuse positive staining.

Immunohistochemistry for ANXA2 expression and cell
distribution
The expression and distribution of hepatic ANXA2 in
30 self-controlled HCC tissues, their matched adjacentand distant-cancerous specimens are shown in Figure 2.
The positive ANXA2 protein was localized in both cell
membrane and cytoplasm (Figure 2A) in HCC tissue (30
of 30, 100%), mainly in the cytoplasm (Figure 2B) in
matched adjacent cancerous tissue (27 of 30, 90%), and
there was almost no positive staining (Figure 2C) in their
matched distant cancerous tissue (0 of 30, 0%). The intensity and comparative analysis of ANXA2 expression
in different liver tissues are shown in Table 1. Although
no significant difference in the positive rate of ANXA2
expression (χ 2 = 3.518, P = 0.070) was found between
the HCC group and the adjacent cancerous group, the
intensity of ANXA2 expression in the HCC group was
significantly higher than that in the adjacent cancerous
group (Z = 6.113, P < 0.001) or the distant cancerous
group (Z = 7.328, P < 0.001).

t test, a χ 2 test or a rank-sum test. P < 0.05 was considered significant. Receiver operating characteristic (ROC)
curves were constructed by calculating the sensitivities
and specificities at several cutoff points[15]. Efficiency
evaluation was calculated according to sensitivity, specificity, accuracy, positive predictive value, and negative
predictive value.

RESULTS
ANXA2 expression level in HCC tissues
ANXA2 protein and mRNA levels were detected in 30
self-controlled HCC tissues, and their matched adjacentand distant-cancerous specimens by Western blotting
and real-time PCR, respectively. As shown in Figure 1,
the ANXA2 protein level was obviously higher in HCC
tissues than in the self-controlled adjacent- and distantcancerous specimens (F = 498.221, P < 0.001). The
relative qPCR analysis (Table 1) indicated that the level
of ANXA2 mRNA expression in the HCC tissues (2∆∆Ct
= 1.00) was significantly higher (F = 7908.11, P <
0.001) than in the matched adjacent cancerous tissues (2∆∆Ct
= 0.43 ± 0.10) or the distant cancerous tissues (2-∆∆Ct
= 0.23 ± 0.07). In short, ANXA2 was overexpressed in
HCC tissues compared with the self-controlled adjacentand distant-cancerous tissues, whether protein level or
mRNA level.

WJG|www.wjgnet.com

Circulating ANXA2 and AFP level in patients with liver
diseases
The levels of circulating ANXA2 and AFP expression
in 241 patients with liver diseases are shown in Table 2.
The mean level of serum ANXA2 expression in HCC
patients was significantly higher than in the cases with
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Figure 2 Immunohistochemistry of hepatic annexin A2 expression and distribution. Representative images of immunohistochemistry in the hepatocellular carcinoma (HCC), self-controlled adjacent- and distant- cancerous tissues (400 × magniﬁcation). A: Hepatocyte annexin A2 (ANXA2) expression in HCC tissue; B: Hepatocyte ANXA2 expression in matched adjacent cancerous tissue; C: Hepatocyte ANXA2 expression in matched distant cancerous tissue. The level of ANXA2 expression
was obviously increased in HCC tissues compared with that in the matched adjacent- or the distant-cancerous tissues.

higher level of serum ANXA2 expression was correlated
with HCC patients with HBV infection (Figure 3A, t =
6.820, P < 0.001), extrahepatic metastasis (t = 3.191, P
= 0.002), or portal vein thrombus (t = 2.859, P= 0.005).
Serum ANXA2 expression was graded, with 20.43 ± 4.97
ng/mL in the well differentiated group and significantly
lower (P < 0.001) in the moderately- (26.19 ± 5.34 ng/
mL) or the poorly- differentiated (27.05 ± 5.13 ng/mL)
group, and levels of ANXA2 expression were obviously
higher (P < 0.001) in tumor node metastasis (TNM) stage
Ⅲ or Ⅳ than in TNM stage Ⅰ or Ⅱ. ANXA2 expression
was not correlated with patient sex, age, tumor size or serum AFP level (Figure 3B). Both circulating ANXA2 and
AFP are useful biomarkers for HCC diagnosis.

Table 2 Serum annexin A2 and α-fetoprotein levels in 241
patients with liver diseases (mean ± SD)
Group

n

ANXA2
HCC 115
MLC
25
LC
38
CH
35
AH
28
NC
30
AFP
HCC 115
MLC
25
LC
38
CH
35
AH
28
NC
30

(ng/mL)

q

P value Pos. (%)

χ2

P value

24.60 ± 7.60
24.22 ± 9.153
16.35 ± 8.863
6.85 ± 1.563
6.92 ± 1.413
6.16 ± 1.273

0.482
11.621
22.566
20.948
22.757

100 (86.96)1
0.803 20 (80.00)3
< 0.001 12 (31.58)3
< 0.001 0 (0.00)3
< 0.001 0 (0.00)3
< 0.001 0 (0.00)3

0.812
44.652
91.304
80.971
84.058

0.368
< 0.001
< 0.001
< 0.001
< 0.001

1446.76 ± 1573.46
1241.76 ± 1349.143
73.73 ± 168.033
69.05 ± 106.733
70.54 ± 107.113
6.06 ± 1.633

1.087
7.969
6.761
7.306
7.506

81 (70.44)2
0.442 12 (48.00)3
< 0.001 6 (15.79)3
< 0.001 5 (14.29)3
< 0.001 4 (14.29)3
< 0.001 0 (0.00)3

4.635
34.771
34.583
29.446
47.874

0.031
< 0.001
< 0.001
< 0.001
< 0.001

Evaluation of serum ANXA2 level for HCC diagnosis
The evaluation of serum ANXA2 and AFP levels for
HCC diagnosis is shown in Figure 4. The comparative
analysis of two markers for the whole range of sensitivities and specificities was 0.796 in ANXA2 and 0.782 in
AFP according to under the area under the ROC curve.
The clinical evaluation of serum ANXA2 or/and AFP
levels for HCC diagnosis is shown in Table 4. The sensitivity of serum ANXA2 only was 86.96%, while a combination of ANXA2 with AFP could increase the rate
of HCC diagnosis (96.52%), and the negative predictive
value was improved to 96.61%.

1

Serum annexin A2 (ANXA2) level > 18 ng/mL or 2Serum α-fetoprotein
(AFP) level > 50 ng/mL was abnormal; 3Compared with the hepatocellular
carcinoma (HCC) group. MLC: Metastatic liver cancer; LC: Liver cirrhosis;
CH: Chronic hepatitis; AH: Acute hepatitis; NC: Normal controls; Pos. (%):
Positive case number (%).

liver cirrhosis, chronic hepatitis, or acute hepatitis, or in
control subjects (P < 0.001), but not compared with the
metastatic liver cancer group. If the diagnostic cutoff
value was more than 18 ng/mL, the incidence of circulating ANXA2 was 86.96% in the HCC group, 80% in the
metastatic liver cancer group, 31.58% in the liver cirrhosis, and zero in the chronic hepatitis group, the acute hepatitis group or the normal control group. The incidence
of serum AFP in the HCC patients (81 of 115, 70.44%)
was significantly higher than in the metastatic liver cancer
group (12 of 25, 48%, P < 0.05), the liver cirrhosis group
(6 of 38, 15.79%), the chronic hepatitis group (5 of 35,
14.29%), the acute hepatitis group (4 of 28, 14.29%), and
was zero in the normal control group.

DISCUSSION
HCC prognosis is poor, and early detection is of the
utmost importance. Although serum AFP is a useful
biomarker for the detection and monitoring of HCC,
the false-negative rate using the AFP level alone may be
as high as 40% for HCC patients with small size tumors.
A previous report implied that ANXA2 expression was
upregulated in HCC and it could be a useful molecular
marker for HCC[10-12]. In this study, the expression of
hepatic and circulating ANXA2 was investigated in HCC
patients and compared with that in cases of benign liver
diseases to explore the clinicopathological characteristics

Clinicopathologic features of circulating ANXA2
expression
The clinicopathologic features of circulating ANXA2 expression in 115 HCC patients are shown in Table 3. The
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Table 3 Pathologic characteristics of annexin A2 expression in sera of 115 hepatocellular carcinoma patients (mean ±SD)
Group
Sex
Age (yr)
Tumor size (cm)
α-fetoprotein (ng/mL)
HBsAg
Differentiated grading

TNM staging
Extrahepatic metastasis
Portal vein thrombus

Male
Female
≥ 50
< 50
≥ 5.0
< 5.0
≥ 400
< 400
Positive
Negative
Well
Moderate
Poor
Stages Ⅰ-Ⅱ
Stages Ⅲ-Ⅳ
With
Without
With
Without

n

(ng/mL)

t

P value

Pos. (%)
> 18 ng/mL

χ2

P value

88
27
87
28
75
40
53
62
79
36
37
43
35
52
63
62
53
60
55

24.56 ± 5.84
24.79 ± 5.33
24.84 ± 6.07
23.83 ± 4.56
24.38 ± 5.68
25.35 ± 5.95
24.91 ± 5.52
24.34 ± 5.96
27.38 ± 5.67
18.58 ± 7.83
20.43 ± 4.97
26.19 ± 5.34
27.05 ± 5.13
21.16 ± 5.97
27.44 ± 6.01
26.11 ± 5.43
22.79 ± 5.64
26.03 ± 5.99
23.06 ± 5.03

0.150

0.881

0.933

0.334

0.798

0.427

0.050

0.822

0.850

0.397

0.207

0.649

0.531

0.596

0.365

0.546

6.820

< 0.001

6.605

0.010

4.9661
5.5611

< 0.0011
< 0.0011

10.6311
10.6331

0.0011
0.0011

5.5942
3.191

< 0.0012
0.002

16.1222
5.514

< 0.0012
0.023

2.859

0.005

78 (88.64)
22 (81.48)
76 (87.36)
24 (85.71)
66 (88.00)
34 (85.00)
45 (84.91)
55 (88.71)
73 (92.41)
27 (75.00)
25 (67.57)
41 (95.35)
34 (97.14)
38 (71.43)
62 (97.06)
58 (93.55)
42 (79.25)
56 (93.33)
44 (80.00)

4.498

0.034

1

Compared with the well differentiated group; 2Compared with the tumor node metastasis (TNM) stage Ⅰ -Ⅱ group. HBsAg: Surface antigen of the hepatitis
B virus; Pos. (%): Positive case number (%).
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B

60

1.6
1.4

40
27.38
(mean)

20

18.58
(mean)

lgANXA2 (ng/mL)

Serum ANXA2 (ng/mL)
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30

10
0

1.8

1.2
1.0
0.8
0.6
0.4
0.2
0

HBsAg(+)
HBsAg(-)
HBV infection

0

1

2
lgAFP (ng/mL)

3

4

Figure 3 Relationship between serum annexin A2 level and hepatitis B virus infection or serum α-fetoprotein level in hepatocellular carcinoma patients. A:
The scatter figure indicated that serum annexin A2 (ANXA2) level was obviously correlated with hepatitis B virus (HBV) infection. The serum ANXA2 level in hepatocellular carcinoma (HCC) patients was higher (t = 6.820, P < 0.001) in the positive-surface antigen of the HBV (HBsAg) group than that in the negative-HBsAg group; B:
The scatter figure of denary logarithm indicated no significant correlation between serum ANXA2 and α-fetoprotein (AFP) level in HCC patients.

and diagnostic value in HCC.
The expression of hepatic ANXA2 was associated with
hepatocyte malignant transformation. Hepatic ANXA2
was overexpressed in HCC tissues compared with their
matched adjacent- and distant tissue, not only at protein
level (Figure 1) but also at mRNA level (Table 1). Although
no significant difference in the positive rate of ANXA2
expression was found between the HCC group and the
adjacent cancerous group, the intensity of ANXA2 expression in the HCC group was significantly higher than
in the adjacent cancerous group or the distant cancerous
group (Table 1). There was a consistent overexpression
of ANXA2 protein level and ANXA2 mRNA level. It is
reported that adding ANXA2 to the established marker
panel for the detection of early and well-differentiated
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HCC should increase the diagnostic reliability and objectivity, which may particularly improve the accuracy of
HCC diagnosis in minute tissue samples[13]. It is worth
mentioning that ANXA2 levels in HCC adjacent tissue present a very good intermediate state at protein or
mRNA level, which might result from the change in the
tumor microenvironment and the transfer of tumor cells,
because a previous report suggested that ANXA2 binds
with plasminogen and tissue plasminogen activator on
the cell surface and promotes tumor metastasis by inducing the conversion of plasminogen to plasmin, which
leads to activation of matrix metalloproteinases and degradation of extra-cellular matrix components[7-9].
Although the mechanisms of hepatocarcinogenesis
have not been elucidated, a long-lasting inflammation
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Table 4 Efficiency evaluation of serum annexin A2 or/and
1
α-fetoprotein levels for hepatocellular carcinoma diagnosis

ANXA2

Sensitivity

0.8

Project of evaluation

ANXA2 (%)

Sensitivity
Specificity
Accuracy
Positive predictive value
Negative predictive value

0.6

0.4

86.96
66.67
75.28
65.79
87.39

AFP (%) Both (%)
70.43
73.08
71.96
65.85
77.03

96.52
68.67
80.07
68.10
96.61

1

0.2

0.0
0.00

Serum annexin A2 (ANXA2) level >18 ng/mL or α-fetoprotein (AFP)
level > 50 ng/mL was abnormal.

AFP

0.2

0.4
0.6
1-specificity

0.8

in HCC patients was correlated with HBV infection (Figure 3A), extra-hepatic metastasis, portal vein thrombus,
differentiated grading, and TNM staging. However, no
significant correlation was found between serum ANXA2
level and tumor size, or AFP level (Figure 3B). It deserves to be mentioned that there was no significant difference between the moderately differentiated group and
the poorly differentiated group, or TNM staging Ⅲ-Ⅳ.
The efficiency evaluation of serum ANXA2 or/and AFP
level for HCC diagnosis (Table 4, Figure 4) indicated that
serum ANXA2 detection has higher sensitivity, accuracy,
negative predictive value and complementary diagnostic
value in combination with AFP for HCC diagnosis.
In conclusion, hepatic ANXA2 expression is associated with hepatocyte malignant transformation and plays
an important role in hepatic active metabolism, development, microenvironment, and prognosis of HCC. The
higher intensity of ANXA2 expression in HCC tissues
and circulating ANXA2 was correlated with HBV infection, extrahepatic metastasis and portal vein thrombus.
Therefore, it could be developed as an effective diagnostic marker for HCC by a series of further independent
and prospective studies, and become a research hotspot
to reveal the mechanism of metastasis resulting from
ANXA2 in the near future.

1.0

Figure 4 Receiver operating characteristic curves for circulating annexin
A2 level in hepatocellular carcinoma diagnosis. The area under the receiver
operating characteristic curves was 0.782 for α-fetoprotein (AFP) and 0.796 for
annexin A2 (ANXA2).

induced by hepatitis virus infection is a definite risk for
neoplastic degeneration and the accumulation of genetic
alterations. The diagnosis and monitoring of small size
tumors have been always difficult due to the lack of effective biomarkers that can characterize the formation
and progression of HCC development[20,21]. The ability of
several biomarkers, such as lens cularis agglutinin-reactive
AFP-L3[22], HS-GGT, and glypican-3[23], to detect early
HCC has been examined, but the sensitivity and specificity are still not satisfactory. In this study, the circulating
ANXA2 level was investigated in HCC patients and cases
with benign liver diseases (Table 1). If the cutoff value
of ANXA2 abnormality is more than 18 ng/mL, its incidence in patients with HCC (86.96%) or metastatic liver
cancer (80%) was significantly higher than in cases with
liver cirrhosis (31.58%), chronic hepatitis (0%), acute
hepatitis (0%), or controls (0%). The value of ANXA2
in patients with cirrhosis is intermediate, and it may be
considered as an early marker during malignant transformation of liver cells. Serum AFP is a useful serological
marker for HCC diagnosis; however, a high false negative
rate has been found in patients with benign liver diseases,
and our study suggests that serum ANXA2 is superior to
AFP and a relatively distinct marker for HCC diagnosis.
The ANXA2 gene is upregulated in HBV- and/or
HCV-associated HCC[24]. ANXA2 induces cell migration
and neoangiogenesis via tissue plasminogen activatordependent plasmin generation[25], represents metastatic
potential[18], and promotes invasion and migration of
HCC in vitro via its interaction with HAb18G/CD147[7].
Moreover, Tyr23 phosphorylation-dependent cell-surface
localization of ANXA2 is required for invasion and metastases[12]. The clinicopathologic features of circulating
ANXA2 expression in HCC patients (Table 3) demonstrated that there is a very close relationship between
ANXA2 level and invasion and metastasis, as well as
HBV infection. The higher level of ANXA2 expression

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

Hepatocellular carcinoma (HCC), as one of the most malignant tumors, is the
third leading cause of cancer-related death. The development of biomarkers
for early diagnosis and accurate prognosis of HCC is important for improving
patients’ survival. Annexin A2 (ANXA2) could be used as a new marker for HCC
in the future.

Research frontiers

It is reported that ANXA2 expression and its phosphorylation is upregulated
in HCC compared with benign liver disease. Moreover, the dose-response
relationship between ANXA2 and optical density was linear in the range of 0-10
μg/mL. However, little research on the about expression characteristics and
diagnostic value of ANXA2 in HCC have been reported to date. In this study,
the authors analyzed the expression characteristics and specific distribution of
ANXA2 as well as its diagnostic value in HCC.

Innovations and breakthroughs

This is the first report on the expression characteristics and specific distribution
of ANXA2 as well as its diagnostic value in HCC. ANXA2 overexpression in HCC
patients was correlated with hepatitis B virus infection, extrahepatic metastasis,
portal vein thrombus, differentiated grading and tumor node metastasis staging,
but not with patient sex, age, size or α-fetoprotein (AFP) level. Joint diagnosis
using serum ANXA2 and AFP substantially improved the diagnostic efficiency.
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Applications

The expression characteristics and specific distribution of ANXA2 have good diagnostic potential for HCC, and could be developed into an effective diagnostic
marker for HCC by a series of further independent and prospective studies.

13

Terminology

ANXA2 as a member of the Annexin family is a calcium-dependent phospholipid-binding protein and is involved in the regulation of cellular growth and signal
transduction pathways. Its expression is upregulated in HCC with increased
molecular phosphorylation at residues of Tyr23 by c-Src.

14

Peer review

The evaluated manuscript reports ANXA2 as biomarker of HCC. The study has
been well conducted and provide further validation.
15
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Comparative effectiveness of i -SCAN™ and high-definition
white light characterizing small colonic polyps
Johanna L Chan, Li Lin, Michael Feiler, Andrew I Wolf, Diana M Cardona, Ziad F Gellad
adenomatous vs non-adenomatous pathology. We determined diagnostic characteristics of i -SCAN and highdefinition white light, including sensitivity, specificity,
and accuracy, with regards to identifying adenomatous
vs non-adenomatous polyps. Histopathologic diagnosis
was the gold standard comparison.

Johanna L Chan, Michael Feiler, Andrew I Wolf, Ziad F Gellad, Department of Medicine, Duke University Medical Center,
Durham, NC 27705, United States
Li Lin, Ziad F Gellad, Duke Clinical Research Institute, Durham,
NC 27705, United States
Diana M Cardona, Department of Pathology, Duke University
Medical Center, Durham, NC 27705, United States
Ziad F Gellad, Durham VA Medical Center, Durham, NC 27705,
United States
Author contributions: Chan JL, Feiler M, Wolf AI, Cardona
DM, and Gellad ZF contributed to study conception and design,
analysis, and data interpretation; Gellad ZF, Chan JL and Lin L
analyzed and interpreted data; Chan JL, Lin L, and Gellad ZF
drafted the article; and all authors contributed to critical revision
and final approval of the article.
Supported by An Unrestricted Educational Grant from PEN
TAX Medical Company; A Career Development Research Award
from the American Society for Gastrointestinal Endoscopy, to Dr.
Gellad
Correspondence to: Ziad F Gellad, MD, MPH, Department of
Medicine, Duke University Medical Center, Box 3913, Durham,
NC 27710, United States. ziad.gellad@duke.edu
Telephone: +1-919-6687067 Fax: +1-919-6687124
Received: April 16, 2012
Revised: June 13, 2012
Accepted: June 28, 2012
Published online: November 7, 2012

RESULTS: One hundred and three small polyps, detected from forty-three patients, were included in the
analysis. The average size of the polyps evaluated in
the analysis was 3.7 mm (SD 1.3 mm, range 2 mm to
8 mm). Formal histopathology revealed that 54/103
(52.4%) were adenomas, 26/103 (25.2%) were hyperplastic, and 23/103 (22.3%) were other diagnoses include “lymphoid aggregates”, “non-specific colitis,” and
“no pathologic diagnosis.” Overall, the combined accuracy of endoscopists for predicting adenomas was identical between i -SCAN (71.8%, 95%CI: 62.1%-80.3%)
and high-definition white light (71.8%, 95%CI:
62.1%-80.3%). However, the accuracy of each endoscopist differed substantially, where endoscopist A demonstrated 63.0% overall accuracy (95%CI: 50.9%-74.0%)
as compared with endoscopist B demonstrating 93.3%
overall accuracy (95%CI: 77.9%-99.2%), irrespective of
imaging modality. Neither endoscopist demonstrated a
significant learning effect with i -SCAN during the study.
Though endoscopist A increased accuracy using i -SCAN
from 59% (95%CI: 42.1%-74.4%) in the first half to
67.6% (95%CI: 49.5%-82.6%) in the second half, and
endoscopist B decreased accuracy using i -SCAN from
100% (95%CI: 80.5%-100.0%) in the first half to
84.6% (95%CI: 54.6%-98.1%) in the second half, neither of these differences were statistically significant.

Abstract
AIM: To evaluate accuracy of in vivo diagnosis of adenomatous vs non-adenomatous polyps using i -SCAN
digital chromoendoscopy compared with high-definition
white light.
METHODS: This is a single-center comparative effectiveness pilot study. Polyps (n = 103) from 75 averagerisk adult outpatients undergoing screening or surveillance colonoscopy between December 1, 2010 and
April 1, 2011 were evaluated by two participating endoscopists in an academic outpatient endoscopy center.
Polyps were evaluated both with high-definition white
light and with i -SCAN to make an in vivo prediction of

WJG|www.wjgnet.com

CONCLUSION: i -SCAN and high-definition white light
had similar efficacy predicting polyp histology. Endoscopist training likely plays a critical role in diagnostic test
characteristics and deserves further study.
© 2012 Baishideng. All rights reserved.

Key words: Colonoscopy; Adenoma; Virtual chromoen-
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work by evaluating the accuracy of i-SCAN in predicting
histology of small polyps (less than 10 mm) throughout
the colon.

doscopy; Colonic polyps; Comparative effectiveness
Peer reviewers: Dr. Josep M Bordas, Department of Gastroenter

ology, Hospital Clinic, Llusanes 11-13, 08022 Barcelona, Spain;
Lin Zhang, Associate Professor, Department of Pharmacology and
Chemical Biology, University of Pittsburgh, UPCI Research Pa
vilion, Room 2.42, Pittsburgh, PA 15214, United States

MATERIALS AND METHODS
Study design
This was a single center, prospective, comparative effectiveness pilot study conducted at a single academic
medical center. The study protocol and equipment were
approved by the local Institutional Review Board. The
sponsor had no role in the conduct, analysis or reporting
of study results.

Chan JL, Lin L, Feiler M, Wolf AI, Cardona DM, Gellad ZF.
Comparative effectiveness of i-SCAN™ and high-definition
white light characterizing small colonic polyps. World J
Gastroenterol 2012; 18(41): 5905-5911 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i41/5905.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i41.5905

Study population
Consecutive outpatient adults at least 45 years of age
referred for screening or surveillance endoscopy at Duke
University Medical Center between December 1, 2010
and April 1, 2011 were eligible for study enrollment.
Based on readily available data from chart review at the
time of the referral, we excluded patients with any of
the following conditions: history of colorectal cancer or
polyposis syndrome, acute gastrointestinal bleed, history
of inflammatory bowel disease, use of anti-platelet or
anticoagulant agents that prevent biopsy or polypectomy
during colonoscopy, ASA Class Ⅲ or greater, or inability
to provide informed consent. All enrolled subjects provided written informed consent. Patient demographics
including age, sex, race, and personal history of prior adenomatous polyps were recorded.

INTRODUCTION
Fourteen million colonoscopies are performed annually in the United States, with the majority performed
for screening with the goal of detecting and resecting
pre-cancerous polyps[1]. Small polyps (≤ 10 mm in size)
make up the majority of polyps removed during screening colonoscopy, yet the rate of advanced neoplasia and
invasive carcinoma in these polyps is low. The current
standard of practice is removal of all detected polyps,
regardless of size, for the purpose of histopathologic diagnosis and prevention of colorectal cancer[2]. However,
this practice may not be the most cost-effective way to
utilize limited endoscopic resources[3]. Accurate methods
to predict histology of small polyps in vivo could prevent
unnecessary polypectomies and/or promote a “resect
and discard” practice[4], thus minimizing risk to patients
as well as improving efficiency and cost of endoscopy as
a screening tool. However, clinical impression of lesion
histology using standard white light colonoscopy has
been shown to correlate poorly with neoplasia regardless
of endoscopist experience[5]. This climate creates an opportunity to expand the role for advanced colonoscopic
techniques to predict histology in vivo and perform polypectomy in a targeted fashion. In fact, chromoendoscopy
with optical magnification and pit pattern analysis can be
highly accurate in optical diagnosis[6]. Ideally, the benefit
of chromoendoscopy in “optical diagnosis” could be
harnessed with more time-efficient digital chromoendoscopic techniques that visually enhance mucosal surface
aspects or vessel patterns without significantly prolonging
endoscopic procedure time[7].
PENTAX i-SCAN™, a PENTAX Medical Company digital chromoendoscopy technology, uses postprocessing computer algorithms integrated into the standard high-definition processor to modulate light reflected
from mucosa and highlight surface contrast. Several small
studies have evaluated the accuracy of i-SCAN to assist
physicians in predicting polyp histology in vivo and have
shown promising results[8-10]. However, the generalizability of these studies is limited by their reliance on experts
with non-validated diagnostic criteria.
The goal of this pilot study is to build on this early

WJG|www.wjgnet.com

Endoscopy equipment
Endoscopies were performed using PENTAX highdefinition adult and pediatric colonoscopies equipped
with i-SCAN. A button-operated control head on the endoscope permits instant switch between high-definition
white light (HDWL) and i-SCAN modes.
Endoscopic procedures
All colonoscopies were performed by two experienced
endoscopists who have completed at least 2000 colonoscopies. Previous work with i-SCAN capitalized on its
ability to enhance surface patterns for polyp histology
prediction[8,10], and thus Kudo pit pattern analysis was
chosen for systematic histology prediction. The endoscopists had not previously used i-SCAN for the purpose of
polyp prediction and thus underwent review of Kudo pit
pattern characterization prior to enrolling patients. Posters showing pit pattern characteristics were also available
for reference during all procedures.
After colonic preparation, patients underwent moderate sedation per endoscopy unit protocol. The endoscope
was inserted to the cecum in standard fashion without attempt to detect polyps on insertion. Procedure time and
quality of bowel preparation were graded by the endoscopist and recorded.
Upon reaching the cecum, the colonoscope was withdrawn in standard fashion using HDWL to visualize the
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A

B

C

D

E

F

Figure 1 Correct prediction of small colonic polyps. A: Correctly predicted as hyperplastic, visualized under high-definition white light; B: Correctly predicted as
hyperplastic, visualized under i-SCAN; C: Pathology demonstrating colonic mucosa with serrated architecture extending midway down the glands and non-dysplastic
cytology, consistent with a hyperplastic polyp [hematoxylin and eosin (HE); 4 ×]; D: Correctly predicted as adenoma, visualized under high-definition white light; E:
Correctly predicted as adenoma, visualized under i-SCAN; F: Pathology demonstrating colonic mucosa with hyperchromatic, elongated, and pseudostratified nuclei,
consistent with a tubular adenoma (HE; 4 ×).

colonic mucosa. All polyps detected during the procedure
were documented for size, location, and morphology.
Size was estimated using open biopsy forceps for reference. Small polyps, those defined as less than 10 mm in
size, were further evaluated as below.
When polyps less than 10 mm in size were identified
by white light endoscopy, surface characteristics were first
assessed using HDWL followed by i-SCAN. Endoscopists were not limited to any one i-SCAN mode. Endoscopists were asked to predict histology of the polyp in
real time using Kudo pit pattern classification for each
diagnostic modality. Images of the polyp in HDWL and
i-SCAN were captured by the endoscopist (Figure 1).
Polyp morphology was described using Paris classification system[11]. Subsequently, the polyp was resected,
collected in an individual specimen jar with fresh neutral
buffered formalin, and sent to pathology. The samples
were processed, and two hematoxylin and eosin sections
were created and reviewed by a single surgical pathologist
blinded to the colonoscopy findings. A maximum of five
consecutive polyps per patient were examined using the
i-SCAN modality. This restriction was implemented so
as to avoid skewing results by the rare patient who might
have multiple hyperplastic polyps in the rectum.
At the midpoint of the study as part of a pre-determined intervention, the study team reviewed incorrect
predictions with each endoscopist. This intervention included a review of incorrectly predicted polyp images in
both HDWL and i-SCAN.

by PENTAX Medical Company. PENTAX provided
funding for the study coordinator and pathology costs.
The funding source had no role in the study conduct,
data collection, statistical analysis, interpretation, manuscript preparation, or decision to submit the manuscript
for publication.
Statistical analysis
The primary outcome for the analysis is sensitivity, specificity, accuracy, and test characteristics of i-SCAN and
HDWL in predicting the histology of small polyps in
real time. Diagnostic test characteristics were evaluated
by comparing with histopathologic diagnosis as the gold
standard.
The test characteristics were calculated as binomial
proportions from one-way frequency tables, and 95%
confidence intervals were constructed using the exact
confidence limits. Patient and polyp characteristics were
compared between providers using Wilcoxon rank-sum
test for continuous variables and χ 2 or Fisher’s exact test
for categorical variables. To assess the impact of patient
and provider characteristics on the likelihood of accurate
prediction, a generalized linear mixed model was used,
with random effect of intercept and slope of polyp size
to take within-patient dependency into account, and to
allow intercept and slope differ across patients. We explored the learning curve with i-SCAN by comparing
the endoscopists’ prediction accuracy on polyps from
patients from the first half of the study vs those from the
second half. All data were analyzed by using the SAS version 9.2 (SAS Institute Inc., Cary, NC).

Role of funding source
The protocol was an investigator-initiated study funded
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Table 3 Test characteristics for adenoma prediction, %
(95%CI)

Table 1 Patient baseline characteristics n (%)
All patients

Patients with polyps

75
60.6 ± 9.58
43 (57.3)

43
61.9 ± 8.98
31 (72.1)

56 (75.7)
15 (20.3)
3 (4.00)
14 (19.2)

33 (78.6)
7 (16.67)
2 (4.76)
10 (23.8)

24 (32.9)

32 (74.4)

14 (19.2)
48 (65.8)
10 (13.7)
1 (1.4)

7 (17.5)
27 (67.5)
5 (12.5)
1 (2.5)

Patients (n)
Age (yr), mean ± SD
Male sex
Race1
White
Black
Other
Proportion of patients with
+family history of colorectal
cancer
Proportion of patients with
personal history of adenomatous
polyps
Prep quality
Excellent
Good
Fair
Poor

White light
Accuracy
Sensitivity
Specificity
Positive predictive
value
Negative predictive
value
i-SCAN
Accuracy
Total
First Half
Second half
Sensitivity
Specificity
Positive predictive
value
Negative predictive
value

1

Missing data includes family history (n = 2) and prep quality (n = 2).

Endoscopist A Endoscopist B
48 (64)
1.5 ± 1.7
3.67 ± 1.39
29 (60.4)
22 (45.8)

27 (36)
1.2 ± 1.9
3.77 ± 1.04
14 (51.9)
10 (37.0)

21 ± 6.8a

26 ± 9.6a

a

P < 0.05 vs Endoscopist A.

RESULTS

Endoscopist B

71.8 (62.1-80.3)
74.1 (60.4-85.0)
69.4 (54.6-81.8)
72.7 (61.0-84.5)

63.0 (50.9-74.0)
66.7 (49.0-81.4)
59.5 (42.1-75.3)
61.5 (44.8-77.5)

93.3 (77.9-99.2)
88.9 (65.3-98.6)
100 (73.5-100)
100 (79.4-100)

70.8 (58.0-83.7)

64.7(46.5-80.3)

85.7(57.2-98.2)

71.8 (62.1-80.3)
71.4 (57.8-82.7)
72.3 (57.4-84.4)
72.2 (58.4-83.5)
71.4 (56.7-83.4)
73.6 (61.7-85.5)

63.0 (50.9-74.0)
59.0 (42.1-74.4)
67.6 (49.5-82.6)
63.9 (46.2-79.2)
62.2 (44.7-77.5)
62.2 (44.6-76.6)

93.3 (77.9-99.2)
100 (80.5-100)
84.6 (54.6-98.1)
88.9 (65.3-98.6)
100 (73.5-100)
100 (79.4-100)

70.0 (57.3-82.7) 63.9 (46.2-79.2)

85.7 (57.2-98.2)

Test characteristics
The sensitivity, specificity, and accuracy of HDWL for
the in vivo prediction of polyp histology are shown in Table 3. Overall sensitivity with all patients combined was
74.1%, specificity was 69.4%, and accuracy was 71.8%.
Table 3 shows the sensitivity, specificity, and accuracy
of i-SCAN for the in vivo prediction of polyp histology.
Test characteristics with all patients combined showed
sensitivity of 72.2%, specificity of 71.4%, and accuracy
of 71.8%.
In addition to evaluating differences in the accuracy of prediction with i-SCAN between endoscopists,
we also assessed for the presence of a learning effect.
Namely, we compared the accuracy of i-SCAN in the
first and second half of polyps examined by each endoscopist. Endoscopist A increased his accuracy from 59.0%
to 67.6% whereas Endoscopist B decreased his accuracy
from 100% to 84.6%. These differences were not statistically significant.

Study population characteristics
Eighty-two patients met enrollment criteria; seven patients declined to participate. Thus, 75 patients were enrolled during the study period between December 1, 2010
and April 1, 2011. The cecum was successfully intubated
in 100% of cases. Baseline patient demographic data (Table 1) are shown. There were no significant differences
between the two endoscopists in terms of patient age,
sex, race, family history of colorectal cancer, or personal
history of adenomatous polyps.
Quality metrics for the two endoscopists involved in
the study are shown in Table 2. Due to scheduling variability, the majority of procedures in the study were performed by Endoscopist A. Endoscopist B took longer,
on average, to complete procedures. There was no difference in polyp detection (P = 0.47) or polyp size (P = 0.34)
between endoscopists.
Polyp characteristics
One hundred and three small polyps were included in the
analysis among the 43 patients with polyps. The average
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Endoscopist A

size of the polyps was 3.7 mm (SD 1.3 mm, range: 2-8
mm). Six of the 103 polyps (5.8%) were located in the
rectum, 30 (29.1%) in the sigmoid, 7 (6.8%) were located
in the descending colon, 35 (34.0%) in the transverse
colon, and 25 (24.3%) in the ascending colon/cecum. By
morphology, 101 of the 103 (98.1%) were described as
by Paris Is, with only 1 polyp described as Paris Ip, and 1
described as Paris IIa.
Pathology revealed 54/103 (52.4%) adenomas,
26/103 (25.2%) hyperplastic, and 23/103 (22.3%) other
diagnoses including “lymphoid aggregates”, “non-specific
colitis”, and “no pathologic diagnosis”.

Table 2 Endoscopist quality measures

Patients (n)
Polyps/patient (n/n), mean ± SD
Polyp size (mm), mean ± SD
Cases in which polyp identified n (%)
Cases in which adenomatous polyp
identified n (%)
Procedure time (min), mean ± SD

Combined

DISCUSSION
In the current study, we did not detect a difference in the
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diagnostic efficacy of i-SCAN and HDWL in determining small colorectal polyp histology during screening
and surveillance colonoscopy. The observed accuracy of
HDWL in this study (74.1%) was similar to other studies
in the literature[12-14]. This suggests that poor physician
performance or effort was less likely to explain suboptimal results. Furthermore, both endoscopists showed a
baseline high sensitivity rate using HDWL, thus decreasing room for additional improvement when i-SCAN
was then applied. Endoscopist B in particular showed
such high baseline sensitivity and specificity for adenoma
prediction (88.9% and 100% respectively) using HDWL
alone that any additional improvement of i-SCAN as a
diagnostic modality was virtually impossible.
In general, digital chromoendoscopic techniques including Fujinon intelligent chromoendoscopy (FICE),
narrow band imaging, and i-SCAN have been shown to
be practical for in vivo differentiation between adenomatous and hyperplastic polyps, but the accuracy has ranged
across the literature from 70 to over 90 percent[8-10,15-21].
The accuracy of i-SCAN in our study (71.8%) was lower
than we would have expected based on published results
and below the accuracy needed for clinical application[22].
Promising studies using i-SCAN thus far have reported
up to 90% accuracy [10]. In addition, Hoffman et al [8]
showed sensitivity of 82% (9/11 adenomas) and specificity of 96% (52/54 hyperplastic polyps) in the distal 30
cm of the colon.
Our finding may be explained by a number of factors.
First, in both of the above studies, endoscopies were
performed by a single operator experienced in real-time
polyp diagnosis. Our endoscopists, both of whom are
experienced faculty members at an academic institution,
did not have prior experience with digital chromoendoscopic techniques nor with pit pattern analysis prior
to this study and thus underwent training with i-SCAN
and pit pattern recognition. A specific, validated method
for training practitioners in i-SCAN use and pit pattern
recognition has yet to be described. It is promising that
training methods have been validated in other chromoendoscopic techniques and have shown to improve diagnostic accuracy and interobserver agreement[23,24]. Our
findings highlight the importance of training i-SCAN in
a standardized fashion, not only for replication of published results but also for potential future application in a
general practice setting.
Another possible explanation for our results rests in
the fact that magnification was not used in the study. We
felt that the undue increase in procedure time and sedation for our patients, as well as poor quality of stored
high magnification images, did not merit using high
magnification. However, there may be an important role
for high magnification in terms of improving diagnostic
efficacy in combination with digital chromoendoscopic
technique. For example, Kim et al[17] reported in 2011 that
the most significant improvements in diagnostic efficacy
were found with FICE in conjunction with high magnifi-
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cation, with a difference in 80.4% accuracy without high
magnification to 87.0% with high magnification. In fact,
high magnification was particularly helpful when evaluating polyps less than 5 mm, which was the size of the majority of polyps in our analysis.
Finally, it should also be noted that studies have employed a number of endoscopic classification schemes
in studying the usefulness of digital chromoendoscopy.
These include the Kudo pit pattern classification, the
Japanese Society for Cancer of Colon and Rectum criteria, and specific classification schemes developed by the
investigators[10,15,25]. It remains unclear how generalizable
these classification schemes are, especially when using different virtual chromoendoscopic techniques. Even with
other well-studied chromoendoscopic techniques, the importance of standardizing nomenclature for surface pattern characteristics and defining interobserver variability
within individual techniques has been recognized[26].
This study does have a number of limitations. First,
the training offered to the endoscopists involved in the
study was not standardized, and it is unclear to what extent results may have changed with more formal training.
We did not detect a significant learning effect during the
course of the study though our sample size was small.
Secondly, the Kudo polyp classification system used in
this study has not been specifically validated for histology prediction using i-SCAN, though several groups have
utilized surface characterization patterns to aid polyp histology prediction[8,10]. Further studies validating a specific
polyp classification system using i-SCAN may be helpful
in this regard. Thirdly, patients were not randomized to
the two imaging modalities nor was there a cross-over
design. As such, it is unlikely that the accuracy of i-SCAN
would be worse than HDWL because the polyp was first
evaluated in HDWL.
There has been continued interest in real-time prediction of polyp histology for a number of practical reasons
including the avoidance of unnecessary polypectomy, reducing complication risks, and improving cost efficiency
from a histopathologic standpoint. While there have been
many promising studies using multiple digital chromoendoscopic techniques, including i-SCAN, our study did
not identify a benefit to using i-SCAN to predict polyp
histology. The markedly different accuracy rate between
endoscopists strongly suggests that there are endoscopist
factors that predict success with in vivo diagnosis, similar
to how endoscopist factors may predict adenoma detection rates[27]. Further understanding these factors will be
important to help guide training before the widespread
application of virtual chromoendoscopic techniques in
clinical practice.

COMMENTS
COMMENTS
Background

The majority of polyps detected and removed during screening colonoscopy are
small polyps (less than 10 mm in size) that are unlikely to represent advanced
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neoplasm or invasive carcinoma. Accurate methods to predict histopathology
of small polyps in vivo could potentially prevent unnecessary polypectomies or
encourage a cost-effective “resect and discard” strategy during screening colonoscopy. PENTAX i-SCAN, a digital chromoendoscopy technology, might aid in
vivo prediction of polyp histology. In this study, they assessed the accuracy of
in vivo histology prediction of small colonic polyps using i-SCAN as compared
to high-definition white light, using formal histopathology as the gold standard
comparison.

8

9

Research frontiers

Several small studies using i-SCAN have shown promising results in improving
accuracy of in vivo polyp histology prediction. However, the reliance on experienced experts with non-validated diagnostic criteria limits generalizability of
published results.

10

Innovations and breakthroughs

The authors found no significant difference between the accuracy of i-SCAN
and high-definition white light, with high baseline accuracy using high-definition
white light. Interestingly, they did find a significant difference in accuracy between endoscopists, regardless of imaging modality. This suggests an important role for individual endoscopist factors and experience.

11
12

Applications

Understanding endoscopist factors and standardizing training using i-SCAN
may improve not only the ability to reproduce published results, but also the
future possibility to apply these technologies in a general practice setting.

Terminology

PENTAX i-SCAN is a digital chromoendoscopy technology that uses postprocessing computer algorithms integrated into the standard high-definition processor to modulate light reflected from mucosa. This highlights surface contrast
by “virtual chromoendoscopy” technique, analogous to the way conventional
chromoendoscopy highlights surface contrast using indigo carmine dye.

13

Peer review

This study provides potentially useful information for improving the clinical applications of i-SCAN. It explains that histologic assessment of polyps is high using
white light, that interobserver variability is high, and that the new refinements
probably facilitate the general use of tissue recognition but may not be essential
for experienced endoscopists. Endoscopist training likely plays a critical role
and deserves further study and standardization.

14
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BRIEF ARTICLE

Human thrombin for the treatment of gastric and ectopic
varices
Norma C McAvoy, John N Plevris, Peter C Hayes
patients (89%) had thrombin (250 U/mL) for gastric
varices, 2 (5.4%) for duodenal varices, 1 for rectal
varices and 1 for gastric and rectal varices. (1) Gastric
varices, an average of 15.2 mL of thrombin was used
per patient. Re-bleeding occurred in 4 patients (10.8%),
managed in 2 by a transjugular intrahepatic portosystemic shunt (TIPSS) (one unsuccessfully who died) and
in other 2 by a distal splenorenal shunt; (2) Duodenal
varices (or type 2 isolated gastric varices), an average
of 12.5 mL was used per patient over 2-3 endoscopy
sessions. Re-bleeding occurred in one patient, which
was treated by TIPSS; and (3) Rectal varices, an average of 18.3 mL was used per patient over 3 endoscopy
sessions. No re-bleeding occurred in this group.
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CONCLUSION: Human thrombin is a safe, easy to use
and effective therapeutic option to control haemorrhage
from gastric and ectopic varices.

Abstract
AIM: To evaluate the efficacy of human thrombin in
the treatment of bleeding gastric and ectopic varices.

© 2012 Baishideng. All rights reserved.

METHODS: Retrospective observational study in a Tertiary Referral Centre. Between January 1999-October
2005, we identified 37 patients who were endoscopically treated with human thrombin injection therapy
for bleeding gastric and ectopic varices. Patient details
including age, gender and aetiology of liver disease/
segmental portal hypertension were documented. The
thrombin was obtained from the Scottish National Blood
Transfusion Service and prepared to give a solution of
250 IU/mL which was injected via a standard injection
needle. All patient case notes were reviewed and the
total dose of thrombin given along with the number of
endoscopy sessions was recorded. Initial haemostasis
rates, rebleeding rates and mortality were catalogued
along with the incidence of any immediate complications which could be attributable to the thrombin
therapy. The duration of follow up was also listed. The
study was conducted according to the United Kingdom
research ethics guidelines.

Key words: Variceal haemorrhage; Ectopic Varices;
Gastric varices; Portal hypertension; Thrombin
Peer reviewers: Dr. Andrea De Gottardi, Hepatology-Inselspi-

tal, Freiburgstrasse, 3010 Berne, Switzerland; Dr. Marco Senzolo,
Department of Gastroenterology, University-Hospital of Padova,
Via Giustiniani 2, 35128 Padova, Italy
McAvoy NC, Plevris JN, Hayes PC. Human thrombin for the
treatment of gastric and ectopic varices. World J Gastroenterol
2012; 18(41): 5912-5917 Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/i41/5912.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i41.5912

INTRODUCTION
Haemorrhage from gastric or ectopic varices is associated
with high morbidity and mortality and can account for
up to one third of all cases of variceal haemorrhage[1]. In

RESULTS: Thirty-seven patients were included. 33
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the presence of oesophageal varices, the prevalence of
gastric varices ranges from 15% to 100%[2,3] with the risk
of bleeding generally regarded to range from 4%-65%
over the first 2 years after diagnosis[2,4]. More importantly
it has been reported that although gastric varices are less
likely to bleed than oesophageal varices, once they bleed,
they tend to do so more severely and haemostasis can be
difficult to achieve[2].
Unlike oesophageal variceal haemorrhage, bleeding
from gastric varices has not been extensively studied. The
natural history of bleeding gastric varices differs from
that of oesophageal varices and thus the precipitating
event for gastric variceal haemorrhage remains uncertain.
Predictive factors for oesophageal variceal haemorrhage
such as a hepatic venous pressure gradient (HVPG) of
> 20 mmHg[5] is not felt to be as relevant to gastric variceal bleeding and this is partly attributed to the development of gastrorenal shunts. Indeed we have previously
demonstrated that a portal pressure gradient (PPG) of
< 12 mmHg does not necessarily protect against gastric
variceal bleeding and that a PPG < 7 mmHg is a better
safeguard against rebleeding[6]. The variceal size, tortuosity and stigmata of recent bleeding such as red signs
however remain alarming features[4].
Thrombin was first used for the management of gastric varices in 1947[7] and affects haemostasis by converting fibrinogen to a fibrin clot. It also has other influences
on the coagulation system with one effect being the
enhancement of local platelet aggregation. Endoscopic
treatment with thrombin has been reported in the treatment of bleeding oesophageal, gastric and duodenal
varices[8-10] with a low rate of rebleeding. The most recent
study from Ramesh et al[11] reported that haemostasis was
achieved in the acute setting in 92% patients presenting with bleeding gastric varices, with only one patients
requiring a transjugular intrahepatic portosystemic shunt
(TIPSS) to control bleeding. The majority of these studies are however retrospective and include small patient
numbers.
The aim of this study is therefore to evaluate the use
of human thrombin in the treatment of gastric and ectopic varices.

cording to the United Kingdom research ethics guidelines. Following consideration by the local ethics committee, further specific ethical review and approval was
not required, as the study was considered a retrospective
audit using anonymised data obtained as part of usual
patient care.
Patient characteristics
Twenty-eight of the patients were male (male:female ratio = 28:9) with a mean age at presentation of 53.2 years
(range: 18-83 years). The underlying aetiology was alcoholic liver disease in 15 patients, splenic vein thrombosis
in 6, cryptogenic cirrhosis in 6, primary biliary cirrhosis
in 2, chronic active hepatitis in 2, portal vein thrombosis
in 2, primary sclerosing cholangitis in 2, α1-antitrypsin
deficiency in 1, congenital hepatic fibrosis in 1 and hepatitis C in 1 patient. The Childs-Pugh grade: grade A = 5
patients, grade B = 16 patients and grade C = 10 patients.
Segmental portal hypertension was defined as extrahepatic portal hypertension in the absence of liver cirrhosis
and was seen in 6 patients whose underlying aetiology
was splenic vein thrombosis.
Endoscopic therapy
All patients had an upper gastrointestinal endoscopy/
flexible sigmoidoscopy performed by an experienced
operator within 12 h of presentation. Gastric variceal
haemorrhage was defined as visible spurting or oozing
of blood from the lesser curve or fundal vessels at the
time of endoscopy with varices subdivided into fundal
and non fundal. Sarin’s classification for gastric varices
was used but it was noted that it is often difficult to differentiate the types of fundal varices in patients who are
actively bleeding. The gastric and duodenal varices were
also considered to have bled if there were stigmata of
recent bleeding such as red spots or adherent clot. Rectal
variceal haemorrhage was defined by the presence of
rectal varices with either adherent clot or visible active
bleeding combined with a history of profuse fresh blood
loss per rectum.
In those patients with splenic vein thrombosis, an alternative therapy such as splenectomy may be considered
by some but it is important that bleeding is controlled
and therefore all these patients underwent endoscopy and
stabilization of bleeding prior to consideration for splenectomy.

MATERIALS AND METHODS
We identified 37 consecutive patients who were treated
with human thrombin (Scottish National Blood Transfusion Service) from January 1999-October 2005 for isolated bleeding from gastric and ectopic varices. Thrombin
was injected rather than cyanoacrylate as this was our
Units protocol. The case notes were reviewed and total
volume of thrombin used and the incidence of complications recorded, as was the incidence of re-bleeding or
death. Those patients with bleeding oesophageal varices
who underwent banding of varices or any patient in
which there was diagnostic doubt as to the aetiology of
bleeding were excluded. The study was conducted ac-

WJG|www.wjgnet.com

Protocol for thrombin therapy
All patients were adequately resuscitated at the time of
endoscopy. Human thrombin concentrate obtained from
the Scottish National Blood Transfusion Service and
each vial was reconstituted with 5 mL of water to give
a concentration of 250 U/mL. As thrombin was being
used outwith its licensed use, informed written consent
was obtained from each patient prior to endoscopy. The
thrombin was injected directly into the varices using a
standard injection sclerotherapy needle to a maximum
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A

B

Figure 1 Injection of gastric varices with thrombin. A: During thrombin injection the gastric varix swells; B: Post thrombin injection.

volume of 10 mL at any one session by multiple injections. Repeat endoscopy was arranged initially for one
week then at two weekly intervals until further injection
was deemed unnecessary by the endoscopist as the overlying mucosa had returned to normal in which the varix
appeared well covered with no stigmata of recent haemorrhage. The number of endoscopy sessions, the total
volume of thrombin used and the incidence of complications were documented.

of 18.3 mL was used over three endoscopy sessions. No
re-bleeding occurred in this group.
Only a small proportion of patients (15%) had additional therapy with vasopressor agents, the use of which
did not change outcome. All patients with liver disease
received five days of intravenous antibiotics as per our
units protocol. In addition, true eradication of varices
was rare with varices deemed visually eradicated in only
two patients. No HVPG measurements were obtained in
any patient as this is not our Units protocol. Overall mortality was 2.7% after median follow up of 22 mo.

RESULTS

Complications
No clinically significant adverse events occurred following thrombin therapy with median follow up of 22 mo.

Thirty-three patients (89%) had thrombin for gastric
varices, two (5.4%) for duodenal varices, one for rectal
varices and one for gastric and rectal varices. A small
number of patients in this cohort were in our original
pilot study [12]. Twenty seven patients (82%) also had
oesophageal varices with 19 patients (58%) already in a
banding programme. Only 3 patients were on beta-blocker therapy prior to admission. The average total volume
of thrombin used per patient was 15.2 mL (range: 5-47.5
mL, combined rectal and gastric varices) over 1-7 endoscopy sessions (median 3.6 sessions).
For those patients with gastric varices, 82% were classified as gastro-oesophageal varices (GOV) type 2 with
the remainder being classified as isolated gastric varices
(IGV) type 1 (12 %) and type 2 (6%). In two cases where
it was not absolutely clear whether they were GOV type
1 or type 2 they were included as type 2. An average of
15.2 mL of thrombin was used per patient (Figure 1).
Re-bleeding occurred in four patients (10.8%), three of
which bled before the 2nd endoscopy session (i.e., within
7 d of index bleed) and two of whom were managed by
TIPSS. One of the TIPSS procedures was unsuccessful
and the patient subsequently died after a rebleed. The
two other patients were successfully treated by distal
splenorenal shunt.
For those two patients with duodenal varices, an average of 12.5 mL was used per patient over 2-3 endoscopy
sessions. Re-bleeding occurred at day 3 in one patient
which was treated successfully by TIPSS insertion.
For the patient with rectal varices, an absolute volume
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DISCUSSION
Gastric varices are generally classified by their location
in the stomach and their relationship with oesophageal
varices, as proposed by Sarin et al[2]. GOV is the term
used to describe gastric varices that are associated with
oesophageal varices and are classified as either type 1 or
type 2. IGV is used to refer to gastric varices that occur
independently of oesophageal varices. It is observed that
type 1 GOV (which are primarily supplied by the left gastric vein) represent 75% of all gastric varices observed.
However it is generally regarded that the most serious
haemorrhage occurs when type 1 IGV gastric varices
(primarily supplied by the short gastric vein) bleed.
Various treatment options exist for the management
of bleeding gastric varices and include endoscopic methods, TIPSS and other radiological procedures. Surgical
procedures such as under running of gastric varices or
devascularization procedures has previously been used
but in the small studies performed have shown no great
benefit and thus are rarely performed today.
Although there is debate regarding optimum treatment of gastric variceal haemorrhage, endoscopic
therapy is an established treatment and it is currently
recommended in the United Kingdom to be the first line
treatment in the management of acute gastric variceal
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haemorrhage[13]. Endoscopic treatment options include
standard sclerotherapy, band and snare ligation or endoscopic injection with cyanoacrylate or thrombin.
Standard sclerotherapy using ethanolamine as the
sclerosing agent has been used with moderate success
in the treatment of bleeding oesophageal varices but
has limited success in the treatment of bleeding gastric varices. It is widely accepted that sclerotherapy for
gastric varices requires significantly greater volumes of
sclerosant[2] which is thought to account for the increased
number of side effects that are observed[14]. The initial
haemostasis rates obtained when using sclerotherapy have
been reported to vary widely from 26%-100%[11-16] which
may reflect different operator ability and injection techniques. However a rebleeding rate of 60%-90% has been
reported in most studies which is generally observed in
patients with bleeding fundal varices[1,17]. The majority of
the rebleeding episodes have been reported to be related
to ulceration at the injection site.
Endoscopic injection therapy with tissue adhesives
such as cyanoacrylate has also been shown to be of
benefit in the management of bleeding gastric varices
and is becoming more popular due to the high rebleeding rates observed with sclerotherapy. A 90% success
rate in achieving initial haemostasis has been reported
in a number of non randomised studies[18-20] but Ramond et al[21] also reported a rebleeding rate of 50%.
Several studies have also demonstrated that the use of
tissue adhesives is superior to standard sclerotherapy.
Oho et al[3] have published results of a controlled but
non-randomised study which demonstrated that initial
control of gastric variceal bleeding and survival was significantly greater in patients treated with cyanoacrylate
than standard sclerotherapy. Sarin et al[22] have published
results for a small randomised control trial which again
suggested that the use of cyanoacrylate was superior to
standard sclerotherapy. Complications rates between the
two procedures have been reported to be similar but of
course this depends primarily on the expertise available.
In the hands of inexperienced operators, tissue adhesives can cause irreparable damage to the endoscope. In
addition, a few centres have reported the occurrence of
systemic emboli after the use of tissue adhesives to control variceal haemorrhage[23,24].
Gastric variceal band ligation using ‘O’rings and detachable snares have also been used in the management
of gastric variceal haemorrhage but with high rebleeding
rates being observed[25]. Yoshida et al[26,27] have however
published data on the combined use of the detachable
snare and simultaneous injection sclerotherapy and O-ring
ligator. In a study of 43 patients[26], 97% had eradication
of gastric varices with an 8% rebleeding rate observed
within a 2 year follow up period.
The optimal treatment for the management of gastric
varices therefore remains uncertain but as our results
suggest, a promising therapeutic option is the use of intravariceal injection of thrombin. The use of thrombin
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in bleeding gastric or ectopic varices has only previously
been reported in a handful of studies in which a variety
of thrombin preparations have been used. To our knowledge, this study is currently the largest published study
using human thrombin.
For the management of bleeding gastric varices, our
rates of achieving initial haemostasis were in keeping
with 93% published by Datta et al[10] and 100% by Williams et al[9]. Our rebleed rate of 14% was again in keeping with data published by Williams et al[9] but it should
however be recorded that the median follow up time in
these studies varied greatly from six weeks to nine mo.
It should also be documented that this rebleed rate was
observed without us actively attempting to visually eradicate the varices and may suggest that continued thrombin
injection to achieve visual eradication appears unnecessary. This point was emphasised when we examined the
number of endoscopic sessions in which thrombin was
given as initially the procedure was performed out to 7
sessions. It was only after analysis of these pilot data that
rebleeding was deemed extremely rare after 3 endoscopic
sessions and that eradication of gastric varices was unnecessary. It is therefore now our Units adopted policy
that patients should be treated with thrombin for 3 endoscopic sessions. Overall, our mortality rate of 2.7%
highlights how effective thrombin therapy can be, but it
should be recorded that these results were obtained after
5 patients who rebleed underwent further interventions:
namely TIPSS or splenorenal shunt surgery.
The thrombin used in this study was obtained free of
charge from Blood Transfusion Service but we have now
changed to using a recombinant thrombin preparation at
cost of £250 for concentration of 250 IU/mL. This is
comparable to the cost of cyanoacrylate and the cost of
TIPSS (at £5000).
Currently, no randomised controlled trials comparing
thrombin with tissue adhesives or sclerotherapy have been
performed. Interestingly however, Kojima et al[28] have
published results for 30 patients with bleeding fundal
varices that underwent sclerotherapy with ethanolamine
under fluoroscopic guidance with the injection site being sealed with topical thrombin glue. All participants
also received intravenous vasopressin and transdermal
nitroglycerin. They reported an initial haemostasis rate
of 93% with a rebleed rate of 19% after 5 years of follow up. The efficacy of the topical thrombin is however
difficult to determine and the specialized technique and
equipment required for this procedure may limit its future application.
With regards to the safety of human thrombin, we
did not record any complications of thrombin use and
this is again in keeping with all of the previously published studies that have used human thrombin. Complications such as anaphylaxis or altered thrombogenesis that
have previously been reported with the use of bovine
thrombin did not occur[29].
Although in this study we have not monitored the

5915

November 7, 2012|Volume 18|Issue 41|

McAvoy NC et al . Human thrombin for bleeding varices

effect of thrombin by any means, we have evidence that
results can be further improved by assessing clot formation with other means such as endoscopic ultrasound[30].
In conclusion, We have shown that human thrombin
is a safe, easy to use and effective therapeutic option in
the management of bleeding gastric and ectopic varices.
Our study also suggests that continued thrombin injection to achieve visual eradication appears unnecessary.
Larger randomised control trials are necessary to compare the use of human thrombin with the current available therapeutic modalities.
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High-fibre diet and Lactobacillus paracasei B21060 in
symptomatic uncomplicated diverticular disease
Edith Lahner, Gianluca Esposito, Angelo Zullo, Cesare Hassan, Claudio Cannaviello, Maria Carla Di Paolo,
Lorella Pallotta, Nicoletta Garbagna, Enzo Grossi, Bruno Annibale
ology Units, were enrolled. Symptomatic uncomplicated
diverticular disease patients were randomized to two
treatment arms A or B. Treatment A (n = 24 patients)
©
received 1 symbiotic sachet Flortec (Lactobacillus
paracasei B21060 ) once daily plus high-fibre diet for 6
mo. Treatment B (n = 21 patients) received high-fibre
diet alone for 6 mo. The primary endpoint was regression of abdominal symptoms and change of symptom
severity after 3 and 6 mo of treatment.
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RESULTS: In group A, the proportion of patients with
abdominal pain < 24 h decreased from 100% at baseline to 35% and 25% after 3 and 6 mo, respectively (P
< 0.001). In group B the proportion of patients with
this symptom decreased from 90.5% at baseline to
61.9% and 38.1% after 3 and 6 mo, respectively (P =
0.001). Symptom improvement became statistically significant at 3 and 6 mo in group A and B, respectively.
The proportion of patients with abdominal pain >24
h decreased from 60% to 20% then 5% after 3 and
6 mo, respectively in group A (P < 0.001) and from
33.3% to 9.5% at both 3 and 6 mo in group B (P =
0.03). In group A the proportion of patients with abdominal bloating significantly decreased from 95% to
60% after 3 mo, and remained stable (65%) at 6-mo
follow-up (P = 0.005) while in group B, no significant
changes in abdominal bloating was observed (P = 0.11).
After 6 mo of treatment, the mean visual analogic scale
(VAS ) values of both short-lasting abdominal pain (VAS ,
mean ± SD, group A: 4.6 ± 2.1 vs 2.2 ± 0.8, P = 0.02;
group B: 4.6 ± 2.9 vs 2.0 ± 1.9, P = 0.03) and abdominal bloating (VAS , mean ± SD, group A: 5.3 ± 2.2 vs 3.0
± 1.7, P = 0.005; group B: 5.3 ± 3.2 vs 2.3 ± 1.9, P =
0.006) decreased in both groups, whilst the VAS values
©
of prolonged abdominal pain decreased in the Flortec
group, but remained unchanged in the high-fibre diet
group (VAS , mean ± SD, group A: 6.5 ± 1.5 vs 4.5 ±
2.1, P = 0.052; group B: 4.5 ± 3.8 vs 5.5 ± 3.5).

Abstract
AIM: To investigate in symptomatic uncomplicated diverticular disease the efficacy of symbiotics associated
with a high-fibre diet on abdominal symptoms.
METHODS: This study was a multicentre, 6-mo randomized, controlled, parallel-group intervention with
a preceding 4-wk washout period. Consecutive outpatients with symptomatic uncomplicated diverticular
disease, aged 40-80 years, evaluated in 4 Gastroenter-
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CONCLUSION: A high-fibre diet is effective in relieving
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the gut microbial balance leading to health benefits[13-16].
Changes in peri-diverticular bacterial flora have been
suggested as a potential key step in the pathogenesis of
diverticular microscopic inflammation. This, in turn, may
play a role in generating abdominal symptoms in uncomplicated DD, thus making probiotics an appealing therapy for DD. Some data suggest that probiotic therapy
is safe and potentially useful in the management of DD
patients[17]. Flortec© is a totally natural symbiotic agent,
consisting of the synergistic combination of Lactobacillus
paracasei (L. paracasei) B21060 (probiotic component) and
arabinogalactan/xylooligosaccharides (prebiotic component). Flortec© treatment has been shown to be effective
in relieving symptoms associated with irritable bowel
syndrome[18], and in the treatment of acute diarrhea in
adults treated at a primary care setting[19]. The therapeutic benefit of this symbiotic formulation in addition to a
high dietary fibre intake in symptomatic uncomplicated
DD remains to be defined. The primary aim of this cluster randomized study was to investigate the efficacy of
a patented symbiotic preparation containing L. paracasei
B21060 in association with high-fibre diet compared to
high-fibre diet alone on relief of abdominal symptoms
in patients with symptomatic uncomplicated DD.

abdominal symptoms in symptomatic uncomplicated diverticular disease. This treatment may be implemented
©
by combining the high-fibre diet with Flortec .
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS

INTRODUCTION

Study population
Consecutive outpatients were evaluated in 4 Gastroenterology Units (1 academic and 3 nonacademic) for
enrolment in the study. Inclusion criteria were a wellestablished diagnosis of symptomatic uncomplicated DD
and age ranging from 40 to 80 years. The study was performed over a 10 mo period from March, 2010 to January, 2011.
Symptomatic uncomplicated DD was defined as the
presence of colonic diverticula associated with abdominal
pain and/or bloating for at least 6 mo before recruitment,
without signs of acute diverticulitis[20]. Signs of acute
inflammation were excluded by physical examination
(to ascertain the absence of abdominal rigidity, rebound
tenderness, and/or guarding in one or more abdominal
quadrants), as well as routine biochemistry (complete
blood count, erythrocyte sedimentation rate, C-reactive
protein, protein electrophoresis). To quantify and localize
the colonic diverticula, double contrast enema and/or
colonoscopy was performed. Exclusion criteria were: presence of less than 5 diverticula, recent history (< 3 mo)
or actual clinical evidence of acute diverticulitis, previous
colonic surgery, antibiotics, mesalazine, nonsteroidal antiinflammatory drugs or laxative use during the four weeks
before enrolment, coexisting inflammatory bowel disease, diseases with possible small intestine bacterial overgrowth. Patients were also excluded if dyspeptic symptoms were predominant over abdominal symptoms and
when low compliance or motivation could be expected
for any reason. All patients provided written informed
consent.

Diverticular disease (DD) of the colon is a very common disorder which remains asymptomatic in nearly 80%
of patients. The remaining patients develop recurrent
abdominal symptoms and some complications, such as
diverticulitis and bleeding, requiring hospital admission
and surgery[1-3]. The main goals of symptomatic DD
management are both relief of abdominal symptoms and
prevention of acute diverticulitis[4].
The standard therapeutic approach for symptomatic
uncomplicated DD still remains to be defined. Guidelines
of the American College of Gastroenterology, the European Association for Endoscopy Surgery, and the World
Gastroenterology Organization recommend a high-fibre
diet in patients with symptomatic uncomplicated DD[5,6].
Some data would suggest that cyclic treatment with
nonabsorbable antibiotics plus high-fibre diet is more effective in obtaining symptom relief as compared to diet
alone[7,8], and it reduces the incidence of first episode of
acute diverticulitis at 1 year[9]. However, the level of evidence of superiority of nonabsorbable antibiotics over
dietary fibre or fibre supplementation is poor[10], and both
the cost and efficacy of a long-life cyclic treatment with
nonabsorbable antibiotics to prevent diverticulitis in all
symptomatic DD patients has been questioned[11,12].
A recent systematic review suggest the potential usefulness of fibre, rifaximin, mesalazine, and probiotics,
and their possible combination in symptomatic uncomplicated DD treatment, but reliable controlled therapeutic
trials are still lacking[12].
Probiotics, prebiotics, and symbiotics may modify
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63 patients assessed for eligibility

11 excluded:
8 not meeting inclusion criteria
3 refused to participate

Enrollment

52 randomized to treatment

Allocation

30 allocated to treatment A
©
Flortec plus high-fibre diet

22 allocated to treatment B
High-fibre diet only

Follow-up

7 lost at 3-mo follow-up
1
3 drop-out

1 lost at 3-mo follow-up
0 drop-out

Analysis

23 analysed intention-to-treat
20 analysed per protocol

21 analysed intention-to-treat
and per protocol

Figure 1 Flowchart of the patients throughout the study. 13 patients dropped out after 3 mo of treatment, 1 patient for new onset of constipation and 2 patients for
worsening of abdominal symptoms.

Study design
This study was a multicentre, 6-mo randomized, controlled, parallel-group intervention with a preceding 4-wk
washout period. All patients were instructed to follow
a high-fibre diet containing at least 30 g daily intake of
dietary fibre as well as a daily water intake of at least
1.5 L. For this purpose, all patients were given an information sheet regarding the content of dietary fibre in
commonly consumed fruits, vegetables and cereals, and
dietary counselling was performed. According to cluster
randomization[21], each participating centre was randomly
assigned to recruit patients for either treatment A or B.
For 6 mo, treatment arm A received a once daily dose of
the symbiotic preparation Flortec© administered orally,
plus high-fibre diet, while treatment arm B was treated
with high-fibre diet only (Figure 1). Rescue medication
was not allowed during the study period.
All patients underwent 3 clinical interviews: at study
entry and after 3 and 6 mo of intervention. Patients
were evaluated for abdominal symptoms, compliance
to therapy assessed by a structured questionnaire, and
routine biochemistry (complete blood count, erythrocyte
sedimentation rate, C-reactive protein, protein electrophoresis) was done to exclude signs of acute inflammation. In order to assess compliance to the high-fibre diet
and to verify eventual changes in dietary fibre intake, at
study entry and 3- and 6-mo follow-up clinical interviews,
the daily fibre intake during the 7 d before the interview
was recorded (a semiquantitative score ranging from 0-28
was used: for each day of the week max 4 points were
assigned: 1 point for intake of fruit and another point
for intake of vegetables or whole grain cereals at lunch
and/or dinner). The primary endpoint considered was
the regression of abdominal symptoms and change in
symptom severity after 3 and 6 mo of treatment. As a
secondary endpoint the tolerability of treatment - i.e., oc-
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currence of adverse effects was considered.
Symptom assessment
Symptoms of patients were evaluated at study entry and
after 3 and 6 mo of treatment by assessing the presence/
absence and intensity of abdominal pain lasting more or
less than 24 h and the presence/absence and intensity of
abdominal bloating[19,21]. Patients were asked to grade the
intensity of abdominal symptoms on a visual analogic
scale (VAS) consisting of a 10 cm long line with 0 cm indicating “no sensation” and 10 cm indicating “the strongest sensation ever felt”.
Symbiotic preparation, Flortec©
Flortec© (Bracco Co, Milan, Italy) is a composite symbiotic formulation and each 7 g sachet contains 5 × 109 colony-forming units viable lyophilized L. paracasei B12060.
The dry powder bacteria were mixed with the following
excipients: xylo-oligosaccharides (700 mg), glutamine (500
mg), and arabinogalactone (1243 mg). As glutamine and
oligosaccharides have some prebiotic activities on human
fecal flora, the Flortec formulation combines the synergistic effect of a prebiotic with a probiotic (a symbiotic
formulation). The study preparation was in powder form.
Patients were instructed to store the preparation at room
temperature (< 20  ℃) in a dry place and to dissolve the
powder preparation in 100 mL of water once daily and to
ingest it immediately 2 h after lunch.
Statistical analysis
The sample size was calculated considering data reported
in literature: we expected that dietary fibre supplementation would be effective in 30% of cases, accepting a
range from 15% to 45% (5, 12) s Because the combined
efficacy of high-fibre diet and symbiotic supplementation
is not known in literature, for this pilot study a superiority
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Percentage of patients

A 100

Abdominal pain lasting < 24 h

80

High-fibre diet plus High-fibre diet
probiotics (n = 30) alone (n = 22)

©

Flortec plus high-fibre diet (treatment A)

Demographics
Age, yr
68.1 ± 8.6
Gender, female
22 (73.3)
Body mass index
26.4 ± 2.9
Smoking habit
12 (40.0)
Alcoholic drinks
9 (30.0)
Coffee
28 (93.3)
Localization of colon diverticula
Left colon
27 (90.0)
Left and right
3 (10.0)
colon
Symptoms
Dyspeptic symptoms
3 (10.0)
Abdominal pain
28 (93.3)
lasting < 24 h
VAS
4.6 ± 2.2
Abdominal pain
14 (46.7)
lasting > 24 h
VAS
6.7 ± 1.7
Abdominal bloating
25 (83.3)
VAS
5.4 ± 2.2

60
b

40

b

b

20
0

Baseline

B 100
Percentage of patients

Table 1 Demographic characteristics and baseline symptoms

High-fibre diet only (treatment B)

3 mo

6 mo

Abdominal pain lasting > 24 h

80
60
40
a

20

b
0

Baseline

Percentage of patients

C 100

3 mo

0.10
0.43
0.07
0.66
0.24
0.84

20 (90.9)
2 (9.1)

0.49
0.28

3 (13.6)
20 (90.9)

0.97
0.48

4.6 ± 2.8
8 (36.4)

0.97
0.49

5.2 ± 2.8
17 (77.2)
5.2 ± 3.1

0.12
0.49
0.80

6 mo

were coded 0 for absence and 1 for presence of abdominal symptoms. The compliance to high-dietary fibre
intake was assessed by analysis of variance. The P values
were considered significant if they were less than 0.05.
The statistical analyses were carried out using a dedicated
software package (MedCalc Software, Mariakerke, Belgium, version 10.1.2).

80
a

b

63.8 ± 10.3
13 (59.1)
24.9 ± 2.9
11 (50.0)
11 (50.0)
20 (90.9)

VAS: Visual analogic scale. Data are presented by mean ± SD or n (%).

Abdominal bloating

60

P value

40

RESULTS

20
0

Baseline

3 mo

Baseline characteristics
Of the 52 randomized patients with symptomatic uncomplicated DD (35 females, mean age 66.3 ± 9.5
years), at baseline 48 (92.3%) had abdominal pain lasting
less than 24 h, 22 (42.3%) had abdominal pain lasting
more than 24 h, and 42 (80.8%) had abdominal bloating, whereas dyspeptic symptoms were present in only 6
(11.5%) patients. Demographic and clinical characteristics
of patients are given in Table 1. No differences between
the treatment groups were observed with respect to baseline characteristics and gastrointestinal symptoms. The
dietary fibre intake score was not statistically different
between groups (13.3 ± 7.3 vs 16.0 ± 9.1, P = 0.30).
The flowchart in Figure 1 shows the progress of patients from recruitment until the end of the study. Of
the 52 randomized patients, 30 (57.7%) were allocated
to the Flortec© plus high-fibre diet group (group A) and
22 (42.3%) to the high-fibre diet group (group B). Eight
patients were lost at 3-mo follow-up, and, therefore, 44
patients were included in the ITT population. In group A,
3 patients dropped out after 3 mo of treatment, 1 patient
for new onset of constipation and 2 patients for worsening of abdominal symptoms, while in group B all 21

6 mo

Figure 2 Change of abdominal symptoms after treatment according to
intention-to-treat analysis. A: Abdominal pain lasting < 24 h; B: Abdominal
pain lasting > 24 h; C: Abdominal bloating. aP < 0.05, bP < 0.01 vs baseline.

of about 30% for the second treatment arm over the first
one was supposed, and a total of 50 cases (25 for each
arm) were needed, with an α error of 10% and a study
power of 80%.
The analysis was carried out on the intention-to-treat
(ITT) population, defined as all randomized patients
who performed at least one follow-up assessment after
baseline, and on the per-protocol population, defined as
all patients who completed the prescribed treatment in
the 6-mo-treatment period. The presence of abdominal
symptoms was expressed as number (%) of total patients
and in terms of severity as mean ± SD of VAS. Data
were analysed by Fisher’s exact and/or Student’s t-test.
To test for differences between the baseline, 3- and 6-mo
sets of proportion of patients presenting abdominal pain
or bloating, Cochran’s Q test was performed. The results
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mean ± SD, group A: 6.5 ± 1.5 vs 4.5 ± 2.1, P = 0.052;
group B: 4.5 ± 3.8 vs 5.5 ± 3.5).
None of the patients developed altered biochemical
inflammatory parameters, acute diverticulitis or other
diverticular disease complications throughout the 6-mo
study period. In both groups no adverse event was registered over the 6-mo treatment period.

patients completed the 6-mo treatment period. Thus, the
PP population consisted of 41 patients.
Compliance to high-fibre diet
At baseline, 3- and 6-mo evaluation, the dietary fibre intake scores were not different between the Flortec© group
and the high-fibre diet group. In particular, in group A
patients, the dietary fibre intake score was 16 ± 9.1 at
baseline (17.9 ± 7.3 vs 16 ± 9.1, P < 0.01 at 3 mo; 18.3
± 7 vs 16 ± 9.1, P < 0.01 at 6 mo). In group B patients,
this score increased from 13.3 ± 7.3 at baseline to 18.4 ±
6.1 at 3 mo (P < 0.0001) and to 21.4 ± 4.5 at 6 mo (P <
0.0001). Dietary fibre intake similarly increased in both
groups over the study period (P = 0.702).

DISCUSSION
High-fibre diet is largely suggested for symptomatic uncomplicated DD patients[5,6]. Probiotic therapy may be of
benefit in DD patients, but its efficacy when combined
with high-fibre diet remains to be established. This pilot
study investigated the efficacy of a continuous 6-mo
treatment with a symbiotic preparation containing L. paracasei B21060 associated with a high-fibre diet compared
to a high-fibre diet alone in patients with symptomatic
uncomplicated DD. The main findings of this study were
that (1) a high-fibre diet alone is effective on some abdominal symptoms of symptomatic uncomplicated DD
patients, but the combination of this approach with a
symbiotic preparation containing L. paracasei B21060 allows an increase in the therapeutic response; and (2) the
prescription of a high-fibre diet increases the intake of
dietary fibre over time, regardless of whether a single diet
or combined approach with symbiotic supplementation is
used.
In detail, the high-fibre diet alone was effective in reducing short-lasting abdominal pain following 6 mo of treatment, but using the combined approach with Flortec© a
regression of this symptom was already observed after
3 mo. With the dietary approach alone regression of
prolonged abdominal pain was observed (P = 0.03), but
this therapeutic response was more accentuated with the
combined treatment strategy. Finally, abdominal bloating
significantly regressed only with the symbiotic treatment,
while high-fibre diet alone had no beneficial effect on
this symptom. Taken together, these findings show that
the combined approach offers an advantage over the
dietary approach alone in improving the therapeutic response of patients with symptomatic uncomplicated DD
with regard to abdominal symptoms.
Our study also showed that both groups significantly
increased dietary fibre intake over the study period. This
result may be explained by the fact that according to our
study design the prescription of a high-fibre diet was
supported by a dietary information sheet and followed
over time by registering an intake score. It is likely that
this systematic approach may have increased the intake
of dietary fibre over time, perhaps due to an increased
awareness that the prescription of diet needs to be taken
seriously, like a real treatment option and not as a simple
suggestion.
To date, the underlying mechanisms of the therapeutic benefit of dietary fibre in diverticular disease are not
fully understood, albeit a relationship with stool volume
and transit time has been hypothesized[5,22]. More recently,

Efficacy of treatment
As shown in Figure 2, in group A the proportion of
patients with abdominal pain lasting less than 24 h significantly decreased from 100% at baseline to 35% after
3 mo and to 25% after 6 mo of treatment (P < 0.001 by
Cochran’s Q test). In group B the proportion of patients
with this symptom decreased from 90.5% at baseline to
61.9% after 3 mo and to 38.1% after 6 mo of treatment
(P = 0.001 by Cochran’s Q test). The symptom improvement became statistically significant at 3 and 6 mo in
groups A and B, respectively.
In group A, the proportion of patients with abdominal pain lasting more than 24 h (Figure 2) significantly
decreased from 60% at baseline to 20% after 3 mo and
further decreased to 5% after 6 mo of treatment (P <
0.001 by Cochran’s Q test). In group B, the proportion of
patients with prolonged abdominal pain significantly decreased from 33.3% at baseline to 9.5% after 3 mo, and
remained stable (9.5%) at 6-mo follow-up (P = 0.03 by
Cochran’s Q test).
As shown in Figure 2, in group A the proportion of
patients with abdominal bloating significantly decreased
from 95% to 60% after 3 mo, and remained stable (65%)
at 6-mo follow-up (P = 0.005 by Cochran’s Q test). In
group B, no significant changes in abdominal bloating
was observed, the proportion of patients complaining
such a symptom being 76.2%, 80.9%, and 61.9% at entry,
3-, and 6-mo follow-up, respectively (P = 0.11 by Cochran’s Q test).
In the high-fibre diet group, 3 patients described the
new onset of abdominal symptoms during the study
period; 1 patient experienced prolonged abdominal pain
and 2 patients abdominal bloating, whilst no onset of
new symptoms occurred in the Flortec© group.
After 6 mo of treatment, the mean VAS values of
both short-lasting abdominal pain (VAS, mean ± SD,
group A: 4.6 ± 2.1 vs 2.2 ± 0.8, P = 0.02; group B: 4.6 ±
2.9 vs 2.0 ± 1.9, P = 0.03) and abdominal bloating (VAS,
mean ± SD, group A: 5.3 ± 2.2 vs 3.0 ± 1.7, P = 0.005;
group B: 5.3 ± 3.2 vs 2.3 ± 1.9, P = 0.006) decreased
in both groups, whilst the VAS values of prolonged
abdominal pain decreased in the Flortec© group, but
remained unchanged in the high-fibre diet group (VAS,
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it has been shown that vegetarians are less likely than
non-vegetarians to have radiologically confirmed diverticulosis (12% vs 33%), and that the insoluble component
of fibre is associated with a decreased risk (relative risk
0.63, 95%CI: 0.36 to 0.75) of DD[23], thus giving an indirect rationale for the high-fibre diet in symptomatic
uncomplicated DD.
However, abdominal bloating was not effectively
treated with a high-fibre diet, but a good therapeutic
response was obtained in the Flortec© group only. This
result is not surprising because it is well known that a
high-fibre diet may increase the presence of intestinal gas
due to an increase in the gas-producing intestinal microflora[24]. Indeed, among our study population, it was only
in the high-fibre diet group that patients with a new onset
of abdominal bloating during the study period were registered.
The rationale for the use of probiotics in symptomatic uncomplicated DD is given by their antiinflamnatory
effects and capability to enhance anti-infective defences
by (1) maintaining an adequate bacterial colonization in
the gastrointestinal tract; (2) inhibiting colonic bacterial overgrowth and metabolism of pathogens; and (3)
reducing proinflammatory cytokines[13,14]. In DD, local alterations of the peridiverticular colonic flora have
been included as one of the causes leading to periods of
symptomatic disease[1-3]. Thus, the therapeutic benefit of
the supplementation of L. paracasei B21060 observed in
our study may be explained by the ability of probiotics
to ensure an optimal colonic microenvironment, which is
probably able to prevent local diverticular inflammation
and to reduce abdominal symptoms. This idea is supported by experimental data showing that L. paracasei is able
to survive the passage through the gastrointestinal tract,
to persist in stools after administration is discontinued,
and to temporarily associate throughout different sites of
the entire human colon, suggesting a positive ecological
role played by this probiotic strain[25,26].
Literature data on the role of probiotics in the management of DD are still scant. The benefit of a cyclic
6-mo supplementation with a L. paracasei sub. paracasei F19
in association with a high-fibre diet on prolonged abdominal pain and bloating in symptomatic uncomplicated
DD has been described, while the high-fibre diet alone
appeared to be ineffective[19]. Compared to the current
study, in this study the prescription of a high-fibre diet
was not accompanied by detailed dietary information and
compliance to the high-fibre diet was not assessed, thus
making it difficult to evaluate the therapeutic response in
this treatment arm. Other previous studies investigated
the efficacy of probiotics, as a non-pathogenic Escherichia
coli strain or Lactobacillus casei and VSL#3 together with
other therapeutic agents such as antibiotics or mesalazine
in patients with DD[27-31], making the results of these
studies not comparable with our findings.
We are aware that the relative low sample size of
this pilot study may have limited the statistical power
of results. However, we preferred to analyse data with
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respect to single abdominal symptoms rather than to a
global symptom score, thus further reducing the sample
number. But in this way, the efficacy of treatment on
each single symptom could be evaluated more accurately.
Furthermore, in this study two treatment arms were compared without a true control and cluster randomization
was performed, thus limiting the interpretation of the results with particular regard to placebo effect. Considering
that symptoms in symptomatic uncomplicated DD are
likely to be influenced by the placebo effect, a placebocontrolled study is necessary to confirm our results.
To conclude, this study provides evidence that a highfibre diet alone is effective in relieving abdominal pain
in patients with symptomatic uncomplicated DD. This
therapeutic response may be implemented by combining
the dietary approach with Flortec© treatment which is effective in abdominal bloating, too. Data from this pilot
study need to be confirmed in other larger trials.

COMMENTS
COMMENTS
Background

The standard therapeutic approach for symptomatic uncomplicated diverticular
disease (DD) still remains to be defined. Guidelines of American and European
Gastroenterology Associations recommend a high-fibre diet in patients with
symptomatic uncomplicated DD. A recent systematic review suggests the
potential usefulness of fibre, rifaximin, mesalazine, and probiotics, and their
possible combination in symptomatic uncomplicated DD treatment, but reliable
controlled therapeutic trials are still lacking.

Research frontiers

Probiotics, prebiotics, and symbiotics may modify the gut microbial balance and
changes in peri-diverticular bacterial flora likely play a role in the pathogenesis
of diverticular microscopic inflammation and in generating abdominal symptoms in uncomplicated DD. Probiotic therapy is safe and potentially useful in
the management of DD patients. Flortec© is a totally natural symbiotic agent,
consisting of the synergistic combination of Lactobacillus paracasei (L. paracasei) B21060 (probiotic component) and arabinogalactan/xylooligosaccharides
(prebiotic component), shown to be effective in relieving symptoms associated
with irritable bowel syndrome and acute diarrhea. The therapeutic benefit of a
symbiotic formulation in addition to a high dietary fibre intake in symptomatic
uncomplicated DD remains to be defined.

Innovations and breakthroughs

In this study, for the first time the efficacy of a symbiotic formulation in addition
to a high dietary fibre intake in symptomatic uncomplicated DD is investigated.
All patients were instructed to follow a high-fibre diet containing at least 30 g
daily intake of dietary fibre as well as a daily water intake of at least 1.5 L. For
this purpose, all patients were given an information sheet regarding the content
of dietary fibre in commonly consumed fruits, vegetables and cereals, and dietary counselling was performed.

Applications

The high-fibre diet alone is effective in relieving abdominal pain in patients
with symptomatic uncomplicated DD. Adherence to diet should be monitored
by dietary counselling. The combination of the high-fibre diet with a symbiotic
preparation may improve the therapeutic response. Data of this pilot study need
to be confirmed in other larger, placebo-controlled trials.

Terminology

Colonic diverticula is a wide-ranging condition running the spectrum from a
symptomless to a severe, chronic, recurrent disorder, and has been classified in four clinical stages: (1) the development of diverticula (stage 1); (2) the
symptom-free stage (stage 2); (3) the symptomatic uncomplicated diverticular
disease (stage 3); and (4) the complicated diverticular disease (stage 4). Symbiotics are the synergistic combination of a probiotic component, as for example
L. paracasei B21060, and a prebiotic component, as for example arabinogalactan and/or xylooligosaccharides.
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Peer review

The article demonstrates that the combination of high-fibre diet and L. paracasei B21060 can relieve abdominal bloating as well as abdominal pain. The
result is interesting and suggests that a high-fibre diet is effective in relieving
abdominal symptoms in symptomatic uncomplicated diverticular disease. This
treatment may be implemented by combining a high-fibre diet with Flortec©.

17
18

REFERENCES
1
2
3
4
5
6

7

8

9

10
11

12

13
14
15
16

Parra-Blanco A. Colonic diverticular disease: pathophysiology and clinical picture. Digestion 2006; 73 Suppl 1: 47-57
Stollman N, Raskin JB. Diverticular disease of the colon.
Lancet 2004; 363: 631-639
Sheth AA, Longo W, Floch MH. Diverticular disease and
diverticulitis. Am J Gastroenterol 2008; 103: 1550-1556
Ludeman L, Warren BF, Shepherd NA. The pathology of
diverticular disease. Best Pract Res Clin Gastroenterol 2002; 16:
543-562
Ünlü C, Daniels L, Vrouenraets BC, Boermeester MA. A systematic review of high-fibre dietary therapy in diverticular
disease. Int J Colorectal Dis 2012; 27: 419-427
Stollman NH, Raskin JB. Diagnosis and management of
diverticular disease of the colon in adults. Ad Hoc Practice
Parameters Committee of the American College of Gastroenterology. Am J Gastroenterol 1999; 94: 3110-3121
Latella G, Pimpo MT, Sottili S, Zippi M, Viscido A, Chiaramonte M, Frieri G. Rifaximin improves symptoms of acquired uncomplicated diverticular disease of the colon. Int J
Colorectal Dis 2003; 18: 55-62
Colecchia A, Vestito A, Pasqui F, Mazzella G, Roda E, Pistoia F, Brandimarte G, Festi D. Efficacy of long term cyclic
administration of the poorly absorbed antibiotic Rifaximin
in symptomatic, uncomplicated colonic diverticular disease.
World J Gastroenterol 2007; 13: 264-269
Bianchi M, Festa V, Moretti A, Ciaco A, Mangone M, Tornatore V, Dezi A, Luchetti R, De Pascalis B, Papi C, Koch
M. Meta-analysis: long-term therapy with rifaximin in the
management of uncomplicated diverticular disease. Aliment
Pharmacol Ther 2011; 33: 902-910
Humes D, Smith JK, Spiller RC. Colonic diverticular disease.
Clin Evid (Online) 2011; 2011: pii0405
Zullo A, Hassan C, Maconi G, Manes G, Tammaro G, De
Francesco V, Annibale B, Ficano L, Buri L, Gatto G, Lorenzetti R, Campo SM, Ierardi E, Pace F, Morini S. Cyclic antibiotic therapy for diverticular disease: a critical reappraisal. J
Gastrointestin Liver Dis 2010; 19: 295-302
Maconi G, Barbara G, Bosetti C, Cuomo R, Annibale B.
Treatment of diverticular disease of the colon and prevention of acute diverticulitis: a systematic review. Dis Colon
Rectum 2011; 54: 1326-1338
Sanders ME. Probiotics: definition, sources, selection, and
uses. Clin Infect Dis 2008; 46 Suppl 2: S58-61; discussion
S144-151
Sullivan A, Nord CE. Probiotics and gastrointestinal diseases. J Intern Med 2005; 257: 78-92
Gill HS. Probiotics to enhance anti-infective defences in the
gastrointestinal tract. Best Pract Res Clin Gastroenterol 2003;
17: 755-773
Moayyedi P, Ford AC, Talley NJ, Cremonini F, Foxx-Oren-

19

20

21
22
23
24
25
26

27
28
29

30

31

stein AE, Brandt LJ, Quigley EM. The efficacy of probiotics
in the treatment of irritable bowel syndrome: a systematic
review. Gut 2010; 59: 325-332
Narula N, Marshall JK. Role of probiotics in management of
diverticular disease. J Gastroenterol Hepatol 2010; 25: 1827-1830
Andriulli A, Neri M, Loguercio C, Terreni N, Merla A,
Cardarella MP, Federico A, Chilovi F, Milandri GL, De Bona
M, Cavenati S, Gullini S, Abbiati R, Garbagna N, Cerutti R,
Grossi E. Clinical trial on the efficacy of a new symbiotic formulation, Flortec, in patients with irritable bowel syndrome:
a multicenter, randomized study. J Clin Gastroenterol 2008; 42
Suppl 3 Pt 2: S218-S223
Grossi E, Buresta R, Abbiati R, Cerutti R. Clinical trial on the
efficacy of a new symbiotic formulation, Flortec, in patients
with acute diarrhea: a multicenter, randomized study in primary care. J Clin Gastroenterol 2010; 44 Suppl 1: S35-S41
Annibale B, Maconi G, Lahner E, De Giorgi F, Cuomo R.
Efficacy of Lactobacillus paracasei sub. paracasei F19 on
abdominal symptoms in patients with symptomatic uncomplicated diverticular disease: a pilot study. Minerva Gastroenterol Dietol 2011; 57: 13-22
Murphy AW, Esterman A, Pilotto LS. Cluster randomized
controlled trials in primary care: an introduction. Eur J Gen
Pract 2006; 12: 70-73
Simpson J, Neal KR, Scholefield JH, Spiller RC. Patterns of
pain in diverticular disease and the influence of acute diverticulitis. Eur J Gastroenterol Hepatol 2003; 15: 1005-1010
Burkitt DP, Walker AR, Painter NS. Effect of dietary fibre on
stools and the transit-times, and its role in the causation of
disease. Lancet 1972; 2: 1408-1412
Humes DJ, West J. Diet and risk of diverticular disease. BMJ
2011; 343: d4115
Zuckerman MJ. The role of fiber in the treatment of irritable
bowel syndrome: therapeutic recommendations. J Clin Gastroenterol 2006; 40: 104-108
Morelli L, Zonenschain D, Callegari ML, Grossi E, Maisano
F, Fusillo M. Assessment of a new synbiotic preparation in
healthy volunteers: survival, persistence of probiotic strains
and its effect on the indigenous flora. Nutr J 2003; 2: 11
Morelli L, Garbagna N, Rizzello F, Zonenschain D, Grossi E.
In vivo association to human colon of Lactobacillus paracasei
B21060: map from biopsies. Dig Liver Dis 2006; 38: 894-898
Fric P, Zavoral M. The effect of non-pathogenic Escherichia
coli in symptomatic uncomplicated diverticular disease of
the colon. Eur J Gastroenterol Hepatol 2003; 15: 313-315
Tursi A, Brandimarte G, Giorgetti GM, Elisei W. Mesalazine and/or Lactobacillus casei in preventing recurrence
of symptomatic uncomplicated diverticular disease of the
colon: a prospective, randomized, open-label study. J Clin
Gastroenterol 2006; 40: 312-316
Tursi A, Brandimarte G, Giorgetti GM, Elisei W, Aiello F.
Balsalazide and/or high-potency probiotic mixture (VSL#3)
in maintaining remission after attack of acute, uncomplicated diverticulitis of the colon. Int J Colorectal Dis 2007; 22:
1103-1108
Tursi A, Brandimarte G, Giorgetti GM, Elisei W. Mesalazine
and/or Lactobacillus casei in maintaining long-term remission of symptomatic uncomplicated diverticular disease of
the colon. Hepatogastroenterology 2008; 55: 916-920
S- Editor Gou SX L- Editor O’Neill M E- Editor Zhang DN

WJG|www.wjgnet.com

5924

November 7, 2012|Volume 18|Issue 41|

World J Gastroenterol 2012 November 7; 18(41): 5925-5931
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v18.i41.5925

© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Effects of the viability of Lactobacillus rhamnosus GG on
rotavirus infection in neonatal rats
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Merja Roivainen, Riitta Korpela, Reetta Holma
ment. At the age of 5 and 6 d the pups received oral
rotavirus (RV) SA-11 strain. The pups were sacrificed at
the age of 7 or 8 d by decapitation. The gastrointestinal
tract was removed and macroscopic observations were
done. The consistency of feces in the colon was classified using a four-tier system. RV was detected from the
plasma, small intestine, colon and feces by real-time
quantitative polymerase chain reaction (PCR).
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RESULTS: In this neonatal rat model, RV induced a
mild-to-moderate diarrhea in all except one pup of the
RV-inoculated rats. RV moderately reduced body weight
development from day 6 onwards. On day 7, after 2 d
of RV infection, live and dead GG groups gained significantly more weight than the RV group without probiotics [36% (P = 0.001) and 28% (P = 0.031), respectively]. In addition, when compared with the RV control
group, both live and dead GG reduced the weight ratio
of colon/animal body weight to the same level as in
the healthy control group, with reductions of 22% (P
= 0.002) and 28% (P < 0.001), respectively. Diarrhea
increased moderately in both GG groups. However, the
diarrhea incidence and severity in the GG groups were
not statistically significantly different as compared with
the RV control group. Moreover, observed diarrhea did
not provoke weight loss or death. The RV control group
had the largest amount of RV PCR-positive samples
among the RV-infected groups, and the live GG group
had the smallest amount. Rats receiving live GG had
significantly less RV in the colon (P = 0.027) when
compared with the RV control group. Live GG was also
more effective over dead GG in reducing the quantity of
RV from plasma (P = 0.047).

Abstract
AIM: To study the effects of live and dead Lactobacillus
rhamnosus GG (GG) on rotavirus infection in a neonatal

CONCLUSION: Both live and dead GG have beneficial
effects in RV infection. GG may increase RV clearance
from the body and reduce colon swelling.

rat model.

METHODS: At the age of 2 d, suckling Lewis rat pups
were supplemented with either live or dead GG and the
treatment was continued daily throughout the experi-
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sistency of the feces, and also measured the amount of
rotavirus in plasma, intestine, and feces.
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Animals
This study was approved by the Animal Care and Use
Committee of the State Provincial Office of Southern
Finland (license number ESAVI-2010-06221_Ym-23).
Pregnant-specific pathogen-free Lewis rats were ob
tained from Harlan (Horst, The Netherlands) and they
were allowed to give birth naturally in the test facility.
The birth time of the pups was monitored twice a day.
All pups were born on the same day within 12 h. Prior
to all experiments, each litter was adjusted to 6 pups per
dam to avoid biological variation due to litter size. The
litters were randomly assigned to 4 experimental groups
(4 dams with 6 pups each, n = 24): rats infected with RV
SA-11 alone (RV control group); dead GG treated + RV
SA-11 infected rats (dead GG group); live GG treated +
RV SA-11 infected rats (live GG group); and minimum
essential medium (MEM) control animals (healthy control
group). The rat pups remained with their dams through
out the study. Control and inoculated groups were
housed in the same individually ventilated Scantainer
(Scanburg, Denmark), and each RV-infected group in its
own Scantainer, in a normal rat cage (Makrolon Ⅲ) with
Aspen chips bedding (Tapvei Oy, Kaavi, Finland) and
nest material (Aspen chips PM90L/R). The temperature
was 22 ± 2 ℃ with relative humidity 50%-95%. Lighting
was artificial, 12 h light and 12 h dark (18:00-06:00). Food
(TEKLAD T.2916 IRR*; Irradiated Global 16%, Rodent
Diet for mice and rats, Harlan) and deionized water were
autoclaved and provided ad libitum from the day of the
rats arrival until the completion of the experiments. The
animals were identified individually by dorsal numbering.

Ventola H, Lehtoranta L, Madetoja M, Simonen-Tikka ML,
Maunula L, Roivainen M, Korpela R, Holma R. Effects of the
viability of Lactobacillus rhamnosus GG on rotavirus infection
in neonatal rats. World J Gastroenterol 2012; 18(41): 5925-5931
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i41/5925.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i41.5925

INTRODUCTION
Group A rotaviruses are the leading cause of acute ga
stroenteritis in children < 2 years of age and account
annually for nearly 600  000 child deaths worldwide[1].
Rotavirus-induced diarrhea causes severe dehydration
and vomiting which can be fatal for malnourished babies.
In developed countries rotavirus gastroenteritis causes a
large economic burden with a substantial number of hos
pitalizations, doctoral visits, and medical costs. Two vac
cines are available to prevent RV infection, but their use
may be limited by financial constraints especially in lowincome countries.
The use of probiotic bacteria has gained consider
able attention as a safe and accessible form of treatment
for gastrointestinal diseases[2,3]. Lactobacillus rhamnosus GG
(GG), in particular, has been effective in reducing both
duration[3-6], and severity[6,7] of rotavirus-induced diarrhea.
The therapeutic capacity of GG against rotavirus gastro
enteritis might be due to its ability to adhere to intestinal
epithelial cells and compete for binding with the patho
gens[8,9], or displace bound pathogens[10], stabilize and
reinforce the mucosal barrier[11-13], and stimulate the local
antigen specific and nonspecific immune responses[5,12,14].
However, the effect mechanisms of GG in rotavirus di
arrhea are not completely understood.
Only a few studies have addressed the effects of inac
tivated probiotics in rotavirus diarrhea[5,15]. When study
ing the effects of inactivated and live GG on acute RV
diarrhea in children, both product forms equally pro
moted clinical recovery from diarrhea, but only live GG
enhanced an IgA antibody response to RV[5]. In mice, in
contrast to live GG, heat-killed GG failed to protect ani
mals from duration or severity of RV diarrhea[15]. How
ever, these studies did not include an untreated control
group to allow comparison between the effects of prod
uct forms and RV.
In order to gain more understanding of the effect
mechanisms of live and dead GG in RV-induced diar
rhea, we compared their effects in the suckling rat RV
SA-11 infection model with regard to parameters of
infection severity such as weight gain, colon weight, con
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Lactobacillus rhamnosus GG products
Viability was determined by plating the GG prepara
tion after inactivation and no colony forming units (cfu)
were detected. Both live and dead GG (ATCC 53103)
were obtained from Valio (Valio Ltd, Helsinki, Finland).
Prior use live GG stock (1011 cfu/mL) was aliquoted in
de Man, Rogosa and Sharpe culture medium broth and
stored at -20 ℃. Powdered dead GG (killed at Valio Ltd,
trade secret) at an equivalent cfu number of 1011 cfu/g of
viable GG was maintained at room temperature. For the
experiments live GG was thawed and dead GG weighed,
and both were prepared daily in PBS at a concentration
of 3 × 109cfu/mL.
Virus propagation
Simian RV SA-11 strain was grown in a continuous
cell line of rhesus monkey kidney cells, MA-104. The
cells were cultivated in MEM containing 10% heatinactivated fetal bovine serum supplemented with 2
mmol L-glutamine, penicillin and streptomycin in roller
flasks in roller apparatus at 37 ℃. When the cells had a
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confluency of 70%-80%, they were inoculated from a
stock containing 108 pfu/mL of plaque-purified rota
viruses. Before inoculation, RV stock was treated with
10-20 μg/mL (final concentration) of trypsin (Sigma,
St Louis, United States) for 30 min at 37 ℃. RV stock
in dilution 10-4 was added to each roller bottle. After
incubation for 1 h, 30 mL of serum-free MEM with
1 μ g/mL of trypsin was added, and the cultivation
was continued for 48 h at 37 ℃. RV were harvested
by freeze-thawing of cells for 3 times, cell debris was
removed by low-speed centrifugation, supernatant was
collected, divided into aliquots, and stored at -70 ℃ until
use. RV titre was determined as 1.4 × 108 pfu/mL.

(Roche Applied Science, Mannheim, Germany), 100
μg/mL aprotinin (Sigma-Aldrich, St. Louis, MO, United
States) 100 μg/mL leupeptin (Sigma-Aldrich) in Eagle
minimum essential medium I (Gibco, Carlsbad, CA)
supplemented with 5% fetal calf serum, and 20 mmol
Hepes (pH 7.4). Suspensions were vortexed with sterile
glass beads, centrifuged (10 min, 5000 rpm), and viral
RNA was extracted from supernatants with E.Z.N.A.®
Total RNA Kit (Omega Bio-Tek, Doraville, GA, United
States) according to manufacturer’s instructions.
Colon and the entire small intestine with its contents
were homogenized with sterile glass rods, and 30 mg of
homogenized tissue was added into 0.6 mL of RLT buf
fer (Qiagen) and incubated at 37 ℃ for 10 min in a water
bath. The lysate was centrifuged with QIAshredder (Qia
gen) (2 min, 12  000 × g), and RNA was extracted with
RNeasy Mini Kit (Qiagen) or BioSprint® 96 One-ForAll Vet-kit (Qiagen) using the automated KingFisher mL
purification system as above.

Animal experiments
The pups were weighed at fixed times daily before, and
twice a day after, RV infection. At the age of 2 d, pups
received a single daily 0.05 mL dose of either dead or live
GG supplementation (1.5 × 108 cfu/pup). RV SA-11 was
inoculated by plastic feeding tube in 3 separate doses to
achieve the total amount of 108 pfu/pup as follows: at
the age of 5 d pups received 2 RV doses (0.3 mL each),
and the third dose at the age of 6 d (0.12 mL) in order
to boost the RV infection. MEM containing 100 × glu
tamine, penicillin 100 IU/mL, streptomycin 100 μg/mL
was used as a healthy control. After inoculations pups
were returned to their dams and allowed to suckle.

Detection of rotavirus
A total of 10 μL of the viral RNA was reverse tran
scribed into cDNA with the High-Capacity cDNA Re
verse Transcription Kit (Applied Biosystems, Foster City,
CA, United States) in a 20 μL reaction volume according
to the manufacturer’s instructions. real-time (RT) reaction
was performed as described with few modifications[16].
Depending on the sample material, RNA was first dena
tured for 5 min at 95 ℃, and RT was performed by incu
bating the reaction mixture for 10 min at 25 ℃, 120 min
at 37 ℃, and 5 min at 85 ℃. The quantitative polymerase
chain reaction (qPCR) protocol and the primers which
target the VP7 gene of RV were designed according to
the primers described by Li et al[17]. Briefly, the qPCR re
action was carried out in 25 μL reaction mixtures consist
ing of 12.5 μL of 2 × SYBR Premix Ex Taq™ (Takara,
Dalian, China), 0.5 μL of each primer (20 μmol/L final
concentrations), 0.5 μL ROX Ref Dye II (50 ×), 4 μL of
RV cDNA template, and 7 μL of sterile water (SigmaAldrich). The thermocycling profile included initial dena
turation at 95 ℃ for 30 s, followed by 45 cycles of 95 ℃
for 5 s, 58 ℃ for 20 s, and 72 ℃ for 30 s. Finally, the
melting curve analysis was performed at 95 ℃ for 1 min,
55 ℃ for 30 s, and 95 ℃ for 30 s. RNA isolated from
cultured RV SA-11 samples was used as a positive control
to establish the standard curve, and sterile water (SigmaAldrich) as a negative control. The samples were regarded
RV SA-11 positive if the melting peak temperature was
83 ± 1.5 ℃. The results were analyzed by comparing the
cycle threshold (CT) values, which were inversely corre
lated with the amount of RV VP7 gene in the sample, i.e.,
the lower the CT value, the greater the amount of gene in
sample.

Clinical indices and specimen collection
The pups were randomized to be exsanguinated from
either 2 d or 3 d post-infection at the age of 7 d and 8
d. The blood samples were collected from all animals
by decapitation into EDTA tubes (Venosafe™), and the
plasma was obtained by centrifugation (10 min, 4000
rpm), and frozen at -20 ℃ within 1 h from sampling.
The gastrointestinal tract was removed for macroscopic
observations and specimen collection immediately af
ter blood sampling. Small intestine was collected and
weighed; colon tissue was collected and removed from
its content by gently pushing along the tissue length by
a spatula after which it was weighed. The feces were col
lected by carefully emptying the colon and rectum. Speci
mens were stored in dried ice until storing them at -80 ℃.
Consistency of feces was classified from 0-3 using a fourtier system: [0 = normal feces, 1 = slight diarrhea (feces
is pale but solid); 2 = moderate diarrhea (feces is pale and
semi-solid); 3 = strong diarrhea (feces is clearly wet)].
Sample processing
Plasma samples were thawed and viral RNA was extract
ed from 0.1 mL of sample with BioSprint® 96 One-ForAll Vet-kit (Qiagen GmbH, Hilden, Germany), using the
automated KingFisher mL purification system (Thermo
Fisher Scientific, Vantaa, Finland) according to the manu
facturer’s instructions.
Frozen small intestine, colon, and feces were homog
enized for nucleic acid extraction. Feces were processed
on ice in 0.2 mL of 10% protease-inhibitor solution
containing 1% bovine serum albumin, 10 mmol pefabloc
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Statistical analysis
Analysis of variance was applied to compare the groups
with respect to weight gain and colon weight, and the
results are given as means with standard error of the
mean ± SE. In cases of significant global P-values,
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Healthy control group
Live GG group
RV control group
Dead GG group

SA-11 inoculation

Weight gain (%)

150

Table 1 Classification of diarrhea
Healthy control group
RV control
Dead GG
Live GG group
(n = 5)
group (n = 6) group (n = 6)
(n = 6)

a
a,c

100

0
0
0
0
0
NA1

a

50

0

3

4

5
6
Age/d

7

Colon + rectum weight (mg/g)

2
2
2
3
2
1

3
2
2
3
3
1

There was no statistically significant difference between groups. 1Animal
deceased during the experiment due to technical error in dosing. RV:
Rotavirus; NA: Not analyzed.

8

Table 2 Number of rotavirus polymerase chain reactionpositive samples in the indicated test groups

Figure 1 Percentage weight gain of the rats. The rat pups were weighed 1-2
times daily after day 2 during the experiment. On days 5 and 6, rotavirus (RV)
was inoculated orally to the rats. Weight gain is expressed as percentual weight
gain from the beginning of the experiment. aP < 0.05 vs RV control group; cP <
0.05 vs dead GG group.
P = 0.002
P = 0.001

4

0
1
2
1
2
1

Group
Healthy control group
RV control group
Dead GG group
Live GG group

P < 0.001

RV PCR-positive samples
Plasma

Small intestine

Colon

Feces

0/5
6/6
6/6
6/6

0/5
5/6
4/6
2/6

0/5
6/6
6/6
6/6

0/5
5/6
4/6
3/6

Samples with cycle threshold (CT)-values < 45 were regarded as positive.
RV: Rotavirus; PCR: Polymerase chain reaction.

3

during the experiment. There were no significant dif
ferences in body weight development before the virus
inoculation between the study groups. RV moderately
reduced body weight development from day 6 onwards
(1 d after the infection) when compared with the pups
receiving only MEM (Figure 1). RV did not severely com
promise the condition of the pups. One pup died from
the healthy group due to technical difficulties in dosing.
The groups pre-colonized with live or dead GG had
gained significantly more weight on day 7 than the RV
group without probiotics [36% (P = 0.001) and 28% (P =
0.031), respectively].
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Figure 2 Weight of colon without feces. Results between groups are presented as the weight ratio of colon/animal. P = 0.002, P = 0.001, P < 0.001 vs
rotavirus (RV) control.

Colon weight: Tissue samples were blindly collected and
weighed at necropsy. In the large intestine, RV increased
the weight of colon. Results between groups were com
pared by measuring the ratio of colon weight/body
weight (Figure 2). When compared with the RV control
group, both live and dead GG reduced the weight ratio
of the colon to the same level as seen in the healthy con
trol group, with reductions of 22% (P = 0.002) and 28%
(P < 0.001), respectively.

multiple comparisons were performed and the P-values
were Bonferroni corrected. RV diarrhea occurrence and
severity between the study groups were analyzed us
ing logistic regression analysis. Statistical differences in
the CT-values between RV-infected groups were ana
lyzed using Kruskal-Wallis test (global test) and MannWhitney U-test (pair-wise comparisons). P-values < 0.05
were considered statistically significant. The data were
analyzed using PASW version 18.0 (SPSS Inc. Chicago,
IL, United States).

Diarrhea: At the necropsy, diarrhea was determined in
a blinded fashion by scoring the consistency of feces us
ing the four-tier system from 0-3. RV induced a mild-tomoderate diarrhea in all except one of the RV-inoculated
rats when compared with the healthy control group. In
live and dead GG groups, diarrhea seemed to be moder
ately increased. However, the diarrhea incidence or sever
ity in the groups was not statistically significant (P > 0.05)
as compared with the RV control group (Table 1).

RESULTS
Clinical investigations
Weight gain: The pups were weighed 1-2 times daily
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Figure 3 Rotavirus detection in plasma, small intestine, colon, and feces by real-time quantitative polymerase chain reaction. Limit of detection of the reaction was cycle threshold (CT) 45. The lines represent the mean of the CT-values. P = 0.047 vs RV control group, P = 0.027 vs dead GG group.

Rotavirus detection
The number of RV PCR-positive samples in the study
groups is shown in Table 2. In the healthy control group,
RV was detected from none of the samples. Overall, the
RV control group had the largest amount of RV PCRpositive samples among the 3 groups, and live GG group
the smallest amount. By comparing the CT values be
tween the groups, we found that rats receiving live GG
had significantly less RV VP7 gene in the colon (P =
0.027) when compared with the RV control group (Figure
3). Live GG was also more effective than dead GG in re
ducing the quantity of RV from plasma (P = 0.047).

combination with antibodies reduced rhesus RV load in
the small intestine[15]. This increased RV clearance could
be one of the effect mechanisms of GG in RV diarrhea,
as it could shorten the duration of disease, as seen in
clinical studies[5,18,19]. Since RV is also capable of spread
ing systemically, and infecting extraintestinal tissues such
as liver, kidney, and central nervous system[20-23], the other
potentially beneficial effect mechanism of GG against
RV diarrhea might be its ability to inhibit the virus en
tering the blood circulation. Here, live GG appeared to
reduce the quantity of RV in plasma.
Similar to other studies, RV SA-11 was effective in
inducing diarrhea in the rat pups[24,25]. Interestingly, we
found that both live and dead GG seemed to slightly,
though not significantly, increase diarrhea. Lactobacillus
species in general seem to have an anti-diarrheal effect
in clinical and in vivo studies[5,6,26,27]. Especially in neona
tal rats, Lactobacillus casei (L. casei) DN-114 001 strain in
fermented milk decreased clinical signs of RV SA-11induced diarrhea, reduced the number of RV antigens
from the small intestine 48 h after infection, and reduced
RV antigen load in the feces[24]. Our results may be ex
plained by the fact that nitric oxide (NO), which may

DISCUSSION
In the present study conducted in a neonatal rat model,
we characterized the effects of live and dead probiotic
strain Lactobacillus rhamnosus GG on RV-induced diarrhea.
We found that both groups receiving GG had smaller
amounts of RV in the intestinal tissues and feces over
the RV control group. In particular, live GG was effec
tive in reducing the number of RV in the colon. Similar
studies exist in mice, where live GG supplementation in
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stimulate the enteric nervous system and induce water
secretion into a luminal space further causing diarrhea[28],
is released by RV-infected enterocytes[29], and GG also
induces NO in macrophages[30]. Enhanced diarrhea in the
GG groups may further lead to the increased clearance
of RV from the intestinal tissues by inhibiting adherence
of RV, and “flushing” the virus from the body. However,
we did not include a group receiving only GG, and can
not confirm whether the amount of GG could have an
effect on the consistency of feces. On the other hand,
another study did not report any changes in the feces in
groups receiving probiotic supplements alone[24].
Although the pups suffered from diarrhea, both
groups receiving either live or dead GG gained more
weight than the RV control group after RV inoculation.
However, another probiotic strain, L. casei DN-114 001,
failed to induce weight gain in a similar RV SA-11 rat
model[24], suggesting that the effect is strain specific. In
terestingly, after day 6, the percentage weight gain was
also reduced in the uninfected healthy control group. It is
possible that a relatively large number of dosings during
a short period of time partly inhibited rat pups to suckle
milk from their dams.
RV induces inflammation and promotes tissue swell
ing by activating cytokine response of intestinal epithelial
cells[31]. RV-induced tissue swelling could this way increase
weight of the colon. Interestingly, we found that both live
and dead GG reduced colon weight. In the GG group
this reduction may result from the GG’s ability to stimu
late the production of anti-inflammatory cytokines[32].
These results further support the idea that GG might
shorten the duration, and enhance the recovery from RV
diarrhea.
The question of whether unviable and killed bacte
ria could have similar beneficial effects as live probiotic
strains is contradicted. In clinical studies, heat-inactivated
GG in children was unable to elicit local or systemic
effects in rotavirus diarrhea[5]. In addition, a heat-inac
tivated probiotic mixture including GG was ineffective
against antibiotic-associated diarrhea when compared
to equivalent live strains[33]. In children with milk allergy,
heat-inactivated GG treatment was associated with diar
rhea[34]. However, animal experiments conducted with
unviable GG showed that the unviable form has ben
eficial effects against several inflammatory conditions
such as arthritis and Escherichia coli lipopolysaccharideinduced inflammation in the lungs and liver of rats[32,35].
This finding was possibly seen in our study as reduced
colon weight. Nevertheless, live GG seemed to be more
effective over dead GG in increasing the weight gain of
rat pups after RV infection, and was more efficient in
reducing the number of RV from plasma. The effects of
dead bacteria, however, might depend on the method of
inactivation. For instance, inactivation by heat or irradia
tion might disrupt the surface protein conformation of
the bacteria, inhibiting the probiotic’s ability to adhere to
epithelial cell[36]. In case the anti-diarrheal effects are due
to secreted bioactive or antimicrobial peptides[13,36,37], GG
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needs to be viable.
In conclusion, only live GG decreased the number of
RV in the colon of infected rat pups. However, dead GG
had also some potential to alleviate RV infection pos
sibly by reducing tissue swelling. The results provide new
insights into aspects of the bacterial strain’s viability, of
fering new possibilities to develop novel functional food
matrices.

COMMENTS
COMMENTS
Background

Group A rotaviruses are responsible for most cases of gastroenteritis in children
under 2 years of age worldwide. Probiotics have gained an important role as
adjuvant therapy in the treatment of acute diarrhea. Probiotic strain Lactobacillus rhamnosus GG (GG) in particular is known to reduce the duration of
rotavirus-induced diarrhea in young children. However, it is unknown whether
the viability of the strain plays a critical role in the probiotic’s beneficial effects
on diarrhea.

Research frontiers

The potential of unviable/inactivated/killed bacteria to relieve rotavirus (RV)
gastroenteritis is not known. In this preliminary study, the authors explored the
effects of both live and dead GG in RV infection in a neonatal rat model.

Innovations and breakthroughs

Recent clinical and animal studies have shown that GG relieves RV infection by
shortening the duration of diarrhea, and reduces the amount of RV in intestinal tissues. In the present study the authors found only live GG reduced the
amount of RV in intestinal tissues. However, the dead product form was found
to have a potential to decrease RV diarrhea-induced weight reduction, and inhibit RV-induced colon swelling.

Applications

The results of this study indicate that the viable and dead forms of the bacterium have different favorable effects on RV infection. Dead product forms would
have a great potential in the food industry by providing new product applications, increasing product shelf life, and reducing storage costs.

Terminology

Probiotic bacteria are defined as live microorganisms that have beneficial effects on human health. However, data regarding whether dead bacteria could
have similar favorable health effects to live probiotic strains is limited.

Peer review

This study has investigated in experimental animals the effects of probiotics
on rotavirus-induced diarrhea using Lactobacillus strain. They have used killed
and live Lactobacillus strain in animals in which diarrhea was induced by rotaviruses. The findings are supportive of early observations of similar nature and
are of clinical significance.
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to assess small intestinal bacterial overgrowth (SIBO).
SIBO was diagnosed when there was an increase in H2
≥ 20 ppm or CH4 ≥ 10 ppm with regard to the fasting
value until 60 min after lactulose ingestion.

Abstract

CONCLUSION: Children who live in inadequate environmental conditions are at risk of bacterial overgrowth
and methane production. Hydrogen is a substrate for
methane production in the colon.

RESULTS: Children from the slum group had worse
living conditions and lower nutritional indices than children from the private school. SIBO was found in 30.9%
(26/84) of the children from the slum group and in 2.4%
(1/41) from the private school group (P = 0.0007).
Greater hydrogen production in the small intestine was
observed in children from the slum group when compared to children from the private school (P = 0.007).
A higher concentration of hydrogen in the small intestine (P < 0.001) and in the colon (P < 0.001) was
observed among the children from the slum group with
SIBO when compared to children from the slum group
without SIBO. Methane production was observed in
63.1% (53/84) of the children from the slum group and
in 19.5% (8/41) of the children from the private school
group (P < 0.0001). Methane production was observed
in 38/58 (65.5%) of the children without SIBO and in
15/26 (57.7%) of the children with SIBO from the slum.
Colonic production of hydrogen was lower in methaneproducing children (P = 0.017).

AIM: To analyze small intestinal bacterial overgrowth
in school-aged children and the relationship between
hydrogen and methane production in breath tests.

© 2012 Baishideng. All rights reserved.

METHODS: This transversal study included 85 children
residing in a slum and 43 children from a private school,
all aged between 6 and 10 years, in Osasco, Brazil.
For characterization of the groups, data regarding the
socioeconomic status and basic housing sanitary conditions were collected. Anthropometric data was obtained
in children from both groups. All children completed the
hydrogen (H2) and methane (CH4) breath test in order
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ticipants consisted of two groups of children belonging
to distinct socioeconomic strata.
The sample size was calculated taking into account a
power of 80% and an alpha of 5%. Two aspects of the
study were considered: (1) The prevalence of SIBO in
the slum community was the first parameter determined.
The population in this community included 1220 children
aged between 6 and 10 years. The expected prevalence of
SIBO was 35%[5], with a maximum variation of 10%. Epi
Info 3.4.3 software was used which indicated that 82 children in the slum group were needed to define the prevalence of SIBO; and (2) For comparison with the slum
group, the necessary sample size of the private school
group was estimated taking into account an expected
prevalence of 35% for SIBO in the slum group and of 6%
in the private school group[5]. According to Epi Info 3.4.3,
each group should have at least 36 children.
The first group was composed of children whose
families lived in poor socioeconomic conditions and
who resided in a slum in the vicinity of a landfill without adequate housing or basic sanitation conditions. To
obtain a representative sample of the population, the
children were selected at random by performing a survey
of households in the slum area. Of the 100 children randomly selected, 85 agreed to participate in the study.
The second group was composed of children from
a private school who belonged to socioeconomically advantaged families and had satisfactory housing and basic
sanitation conditions. Of the 60 children whose parents
or guardians showed an interest in participating in the
study, 43 (71.6%) completed the study.
To be included in the study, the children had to be
between 6 and 10 years of age and not have suffered
from diarrhea for at least 30 d. The presence of clinical
evidence that could mark a serious illness, such as heart
disease, nephropathy, or neuropathy, was a criterion for
exclusion from participation in the study. In addition, the
use of antibiotics up to 15 d before the breath test was
considered a criterion for exclusion from the study.
This project was evaluated and approved by the Research Ethics Committee of the Federal University of
Sao Paulo. A signed informed consent form was obtained
from the parents or guardians of each participant at the
time of admission into the study.

33190, Turkey
Mello CS, Tahan S, Melli LCFL, Carmo Rodrigues MS, Mello
RMP, Scaletsky ICA, Morais MB. Methane production and small
intestinal bacterial overgrowth in children living in a slum. World
J Gastroenterol 2012; 18(41): 5932-5939 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i41/5932.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i41.5932

INTRODUCTION
Recent studies have identified small intestinal bacterial
overgrowth (SIBO) as being involved in several clinical
conditions, such as chronic constipation[1], irritable bowel
syndrome[2,3] and short bowel syndrome[4]. SIBO is also
present in tropical/environmental enteropathy[5,6].
SIBO is favored by environmental contamination and
inadequate basic sanitation conditions[7], and is often the
result of ingesting food and/or water that is not appropriate for consumption[8]. Thus, an excessive quantity of
bacteria colonizes the upper intestinal tract, causing diarrhea[9,10] and malnutrition[5,10] due to nutrient malabsorption[9,10]. A reduction in the absorption of carbohydrates,
proteins, lipids and some vitamins can be observed, even
in asymptomatic patients[11]. Therefore, environmental
enteropathy is a condition that may compromise child
growth[12].
The breath test is a noninvasive method that has been
widely used in the diagnosis of SIBO[10]. The breath test
measures the production of hydrogen derived from the
fermentation of lactulose by intestinal bacteria[5,7,9,13,14].
In addition to hydrogen, methane may also be detected
in the exhaled breath during the test. However, the significance of methane in the diagnosis of bacterial overgrowth in the small intestine is still controversial, and in
general, it is not considered in the interpretation of the
breath test[5,7,13]. However, some studies[1,2,9,14,15] have suggested that methane is also an indicator of bacterial overgrowth in the small intestine. A universal criterion for
breath test interpretation has not been proposed.
The design of the present study was based on the fact
that no other community study had used both hydrogen
and methane as SIBO diagnostic criteria. In addition, the
relationship between methane production, environmental
conditions and the presence of SIBO was considered.
Considering the above rationale, the aim of the present study was to analyze SIBO using the lactulose hydrogen and methane breath test in school-aged children
from two distinct socioeconomic strata, and to assess the
relationship between intestinal production of hydrogen
and methane, environmental conditions and SIBO.

Characterization of socioeconomic and basic sanitation
conditions
A questionnaire was given to the parents and/or guardians of the children who participated in the study. Information regarding the presence of a water supply, a sewage system (destination of waste) and garbage collection
was obtained.
Analysis of water contamination
An analysis of the water used for household consumption by the children in the slum group was performed.
To determine the levels of total and fecal coliforms, the
water was stored in 100 mL sterile plastic bags containing

MATERIALS AND METHODS
Design, study population and sample size
A transversal study was performed in the municipality of
Osasco, in the state of Sao Paulo, Brazil. The study par-
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a sodium thiosulfate tablet, which neutralizes the action
of chlorine used in water treatment. The samples were
transported and then incubated at 37  ℃ for 18 and 24
h, respectively, on the same day as the material was collected. Subsequently, the samples were analyzed using the
Colilert Substrate method (IDEXX Laboratories, Maine,
United States), which enumerates the levels of total and
fecal coliforms (Escherichia coli) simultaneously in the same
water sample, according to the manufacturer’s instructions.

Table 1 Demographic data, anthropometric indicators, and
basic sanitation conditions of children from the slum and
private school groups

Age (yr)
Gender (%)
Male
Female
Z-score
Age-weight
Age-height
BMI
Access to public water
network (%)
Access to public
sewage (%)
Public collection of
household garbage (%)

Anthropometric indicators
The weight and height of the children participating in the
study were measured according to the recommendations
of Jelliffe[16]. To measure weight, a mechanical balance
with a capacity of 150 kg and a sensitivity of 100 g was
used. For height measurements, a portable vertical anthropometer with the capacity to measure up to 190 cm
and a sensitivity of 0.1 cm was used.
Z-scores were calculated for weight-for-age, heightfor-age, and body mass index (BMI), with adjustments
for age and sex[17]. The anthropometric indicators were
calculated using the Epi Info version 3.4.3 program and
the reference values from the National Center for Health
Statistics[18].

1

Private school
(n = 43)

8.2 ± 1.4

8.4 ± 1.3

0.5321

48 (56.5)
16 (37.2)

37 (43.5)
27 (62.8)

0.0612

-0.56 ± 1.03
-0.31 ± 1.01
-0.58 ± 1.06
50 (58.8)

0.57 ± 1.18
0.29 ± 1.14
0.56 ± 1.25
43 (100.0)

< 0.0011
0.0031
< 0.0011
< 0.00012

8 (9.4)

43 (100.0)

< 0.00012

2 (2.4)

43 (100.0)

< 0.00012

mean ± SD, Student′s t-test; 2χ test. BMI: Body mass index.
2

hypothesis.

RESULTS
Of the children studied, 85 were living in a slum and 43
were enrolled in a private school. Table 1 describes the
demographic data, nutritional status indicators, and basic
sanitation conditions of the studied population. There
were no statistical differences in age or gender between
the children in the two groups. The children in the slum
group exhibited lower Z-score values for weight-for-age,
height-for-age, and BMI when compared with children in
the private school group. It was found that the majority
of families in the slum did not have access to public service sewage or household garbage collection. Clandestine
water supplies existed in 41.2% (35/85) of the households, and water analysis revealed the presence of total
coliforms in 65 (77.4%) and fecal coliforms in 43 (51.2%)
of the 84 samples analyzed.
During the study, three children did not perform
the breath test; one child was from the slum group, and
two children were from the private school group. SIBO
was found in 30.9% (26/84) of the children in the slum
group and in 2.4% (1/41) of the children in the private
school group (χ 2 test, P = 0.0007). In the slum group,
65.4% (17/26) of the children with SIBO had increased
hydrogen production with respect to the fasting value (H2
≥ 20 ppm), 23.1% (6/26) had increased methane concentrations with respect to the fasting value (CH4 ≥ 10
ppm) and 11.5% (3/26) fulfilled both criteria for SIBO.
In the private school group, the one child with SIBO fulfilled only the hydrogen criterion.
The demographic data, nutritional status indicators,
and basic sanitation conditions of the children from the
slum group with or without SIBO are shown in Table
2. No statistically significant differences for any of the
variables analyzed (P > 0.05) were observed. It is important to emphasize that all the cases of SIBO were

Hydrogen and methane breath test
The lactulose breath test was performed in the morning
following oral hygiene using 0.05% chlorhexidine. The
children fasted for a period of 12 h prior to the test.
Breath samples were collected using a non-rebreathing
valve setup (QuinTron Instrument Co. Inc., Menomonee
Falls, Wisconsin, United States). After collection of the
fasting breath, 10 g of lactulose (Daiichi Sankyo, Sao
Paulo, Brazil) was administered orally as a 10% aqueous
solution. Subsequently, new breath samples were collected 15, 30, 45, 60, 90, 120, and 180 min after ingestion
of lactulose.
The levels of hydrogen (H2) and methane (CH4) in
the samples were simultaneously measured by gas chromatography using a 12i model QuinTron MicroLyzer unit
(QuinTron Instrument Company, Milwaukee, Wisconsin,
United States). Study participants were considered to
exhibit SIBO when an increase in H2 ≥ 20 ppm or CH4
≥ 10 ppm with respect to the fasting value was observed
up to 60 min after the ingestion of lactulose[1]. The study
participants were treated as methane producers when the
concentration of methane in the breath was higher than
(or equal to) 3 ppm with respect to the concentration of
methane in the environment[19].
Information was also collected on the intestinal habits
of the children from both groups, taking into account
the existence of an association between the production
of methane and evacuation disorders.
Statistical analysis
For data analysis, Sigma Stat 3.5 and Epi Info 3.4.3 software were used, setting 5% as the level to reject the null
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Figure 1C shows the mean methane concentrations
(ppm) obtained from the breath tests of children with
and without bacterial overgrowth in the slum group. In
the small intestine, differences in the area under the curve
were not observed among the 26 children with SIBO in
relation to the 58 children without SIBO up to 60 min
after the ingestion of lactulose (730.96 ± 829.56 ppm vs
576.72 ± 573.72 ppm per min; Student’s t-test, P = 0.327).
In addition, no significant difference was observed in
the area under the curve for the colon during the 60 min
to 180 min of the test (3835.34 ± 1159.71 vs 4324.04 ±
2053.62 ppm per min; Student’s t-test, P = 0.168).
Methane production was observed in 38 (65.5%) of
the 58 children who did not exhibit bacterial overgrowth
and in 15 (57.7%) of the 26 children with bacterial overgrowth (χ 2 test, P = 0.658).
Figure 1D shows the concentration of hydrogen
(ppm) in the breath for individual methane producers (n
= 53) and non-producers (n = 31) in the slum group. An
analysis of the area under the curve revealed that between
0 min and 60 min after lactulose ingestion, no difference
existed in the levels of hydrogen production between the
methane-producing and nonproducing children (448.16 ±
316.03 ppm vs 564.68 ± 441.40 ppm per min; Student’s t-test,
P = 0.164). In the period between 60 and 180 min of the
test, less hydrogen production was observed among the
methane-producing children (4157.55 ± 952.64 ppm per
min) than among the methane non-producers (4716.77 ±
1117.13 ppm per min; Student’s t-test, P = 0.017).

Table 2 Demographic data, anthropometric indicators, and
basic sanitation conditions of children with or without small
intestine bacterial overgrowth from the slum group
With SIBO Without SIBO P value
(n = 26)
(n = 58)
Age (yr)
Z-score
Age-weight
Age-height
BMI
Water contamination (%)
Fecal coliforms
Total coliforms
Access to public water network (%)
Access to public sewage (%)
Public collection of household
garbage (%)
1

8.3 ± 1.2

8.2 ± 1.5

0.8171

-0.76 ± 1.05
-0.38 ± 0.93
-0.80 ± 1.06

-0.46 ± 1.02
-0.28 ± 1.07
-0.46 ± 1.05

0.2131
0.6691
0.1761

21/26 (80.8) 44/574 (77.2)
13/26 (50.0) 30/574 (52.6)
13 (50.0)
37 (63.8)
3 (11.5)
5 (8.6)
0 (0.0)
2 (3.4)

0.5942
0.9412
0.2362
0.4743
0.4743

mean ± SD, Student′s t-test; 2χ test; 3Exact Fisher test; 4Water samples
analyzed in this group. BMI: Body mass index; SIBO: Small intestinal
bacterial overgrowth.
2

asymptomatic.
The hydrogen concentrations (ppm) obtained by the
lactulose breath test were analyzed for the areas under the
individual curves. It was found that the children in the
slum group exhibited greater (Student’s t-test, P = 0.007)
hydrogen production during the first hour of the test,
which presumably originated from the small intestine,
when compared with the children in the private school
group (491.16 ± 369.05 ppm vs 314.45 ± 251.49 ppm per
min, respectively). Between 60 min and 180 min of the
test, the period during which hydrogen production occurs
predominantly in the large intestine, the concentration of
hydrogen in the breath of the children in the slum and
private school groups were similar (4363.93 ± 1045.63
ppm vs 4275.0 ± 1390.55 ppm per min, respectively, P =
0.690) (Figure 1A).
Figure 1B shows the mean hydrogen concentrations
(ppm) obtained from the breath tests of children with
and without bacterial overgrowth in the slum group. A
greater area under the curve for the small intestine was
observed among the 26 children with SIBO compared
with the 58 children without SIBO up to 60 min after the
ingestion of lactulose (344.22 ± 185.23 ppm vs 818.94 ±
460.55 ppm per min; Student’s t-test, P < 0.001). A similar response was observed for the colon during the 60 to
180 min of the test (4021.03 ± 711.73 ppm vs 5128.85 ±
1262.40 ppm per min; Student’s t-test, P < 0.001).
Methane production was observed in 63.1% (53/84)
of the children in the slum group and in 19.5% (8/41)
of the children in the private school group (χ 2 test, P
< 0.0001). The mean methane concentration remained
relatively constant in both groups during the breath test
and did not vary after lactulose ingestion. Among the 8
children in the private school group who were methane
producers, 3 (37.5%) had intestinal constipation without
fecal incontinence. There were no cases of constipation among the 53 children in the slum group who were
methane producers (χ 2 test, P < 0.0001).

WJG|www.wjgnet.com

DISCUSSION
SIBO was found in 30.9% of the children in the slum
group and in 2.4% of the children in the private school
group. These values are similar to those previously reported in Brazil[5] for children living in a slum and those
attending a private health clinic (37.5% and 2.1% SIBO in
each group, respectively). In Australia, SIBO was found in
27.2% of aboriginal children under 5 years old[13]. These
studies[5,13] did not evaluate the methane concentration
in the breath test. In the present study, 6 (23.1%) of the
26 children were diagnosed as having SIBO only by an
increase in the breath methane level compared with the
fasting values. Therefore, using the criteria that takes into
account not only breath hydrogen but also breath methane, the diagnosis of SIBO may be more comprehensive.
The higher frequency of bacterial overgrowth in the
groups living in slums may be hypothetically explained by
the different environmental and socioeconomic conditions to which they are exposed (Table 1).
Table 1 shows that the weight and height of children
in the slum group were lower than those of the children
in the private school group. This situation may be caused,
at least in part, by the existence of digestive-absorptive
abnormalities linked to bacterial overgrowth and tropical
enteropathy[5]. In addition, two factors may support the
occurrence of the anthropometric deficit in the children
in the slum group. The first factor corresponds to a diet
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Figure 1 Small intestinal bacterial overgrowth in school-aged children and the relationship between hydrogen and methane production in breath test. A:
Mean concentrations of hydrogen (ppm) in breath samples collected after fasting and at 15, 30, 45, 60, 90, 150 and 180 min after lactulose ingestion from children in
the slum (n = 84) and private school (n = 41) groups; B: Mean concentrations of hydrogen (ppm) in breath samples collected after fasting and at 15, 30, 60, 90, 120,
150 and 180 min after lactulose ingestion from children in the slum group with (n = 26) and without (n = 58) small intestinal bacterial overgrowth (SIBO); C: Mean concentrations of methane (ppm) in breath samples collected after fasting and at 15, 30, 60, 90, 120, 150 and 180 min after lactulose ingestion from children in the slum
group with (n = 26) and without (n = 58) SIBO; D: Mean concentrations of hydrogen (ppm) in breath samples collected after fasting and at 15, 30, 60, 90, 120, 150
and 180 min after lactulose ingestion from methane-producing (n = 53) and non-producing (n = 31) children in the slum group. Student’s t-test; comparison between
groups for collection time during the breath test (complementation of the analysis of area under the curve). aP < 0.05 vs the private school group; cP < 0.05 vs the slum
group without SIBO in relation of the hydogen production in breath test; eP < 0.05 vs the slum group without SIBO in relation of the methane production in breath test;
g
P < 0.05 vs the slum group non-methene producing in relation of the hydrogen production in breath test.

the colonic bacteria[21].
The presence of Lactobacilli and Bifidobacteria in the
feces was also evaluated in this same group of children;
however, no difference in the counts in the children with
or without SIBO from the slum group was found (data
not shown). Nevertheless, the number of Lactobacilli and
Bifidobacteria colonies in the feces of children in the slum
group was lower than that observed in the children in the
private school group[22,23]. There is currently no published
information which relates SIBO with differences in the
colonic microbiota.
Another interesting result of our study was the elevated prevalence of methane producers (63.1%) in the
slum group. Considering the proximity of the slum to the
municipal landfill, methane is produced by the intense
anaerobic degradation of organic waste[24], and methanogenic bacteria which may be present in the soil could potentially colonize the human intestine. These effects constitute an indication of the effects of the environment
on the biological condition of individuals exposed to
methane gas. Early age, close contact and poor personal
hygiene may be factors explaining the high percentage of
methane producers[21] in the slum group.
Furthermore, there is concern about the association
between the production of methane and the occurrence
of diseases related to intestinal motility[25,26]. It should
be stressed that, in children, methane production has
been related to intestinal constipation with fecaloma and
fecal escape[1,27,28], which are associated with a greater
slow small intestine[29] and colonic transit time[28]. In our
study, an association was not found between methane
production and constipation in the children from the
slum. However, 3 (37.5%) of the 8 children in the private

probably deficient in quality and quantity. Data from the
food surveys showed that children in the slum group had
less caloric intake, less protein consumption, less lipid
consumption and less iron, calcium and vitamin A ingestion compared with children in the private school group
(data not shown). The second factor corresponds to the
inadequate basic sanitation conditions to which the children are exposed, exemplified by the high rates of water
contamination, which may be directly related to recurrent
infectious outbreaks and, consequently, to recurrent harm
during physical development[20].
In the lactulose breath test, the elevated concentrations of hydrogen observed in the breath of children in
the slum group after 60 min of the test (Figure 1A) are
consistent with the greater prevalence of bacterial overgrowth in these children.
One result of the present study that has yet to be
explored in the literature involves the greater colonic production of hydrogen after the first hour of the breath test
in the children in the slum group with SIBO (Figure 1B).
It was found that these children, in addition to exhibiting
greater hydrogen production in the small intestine up to
60 min after the start of the breath test, also showed elevated production of hydrogen from 60 to 180 min after
the start of the test when compared with those without
SIBO. This difference was found to be statistically significant with respect to the values corresponding to the area
under the curve. It is likely that children with bacterial
overgrowth possess greater quantities of fermenting bacteria, both in the small intestine and in the colon, when
compared with children without SIBO who live in the
same environmental conditions. Hydrogen excretion in
the colon depends on fermentable substrates supplied by
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associated with ingestion of contaminated water and foods are involved in the
etiology of this disease. Some of the consequences of SIBO are diarrhea and
malnutrition, however, asymptomatic cases are observed. Breath tests are noninvasive tests used in the diagnosis of SIBO.

school group who were methane producers had intestinal
constipation without fecal incontinence.
No differences were observed in the methane production between the children from the slum group with or
without SIBO (Figure 1C), both in the colon and in the
small intestine. Ingestion of non-absorbable disaccharide
did not influence breath CH4 excretion, different to that
which occurred in H2 excretion[21].
The children in the slum group who were characterized as methane producers exhibited lower hydrogen
concentrations in the colon when compared with the
methane non-producers (Figure 1D); this result is similar
to previously reported results in adults[6]. Assuming that
methane production is a good indicator of intracolonic
metabolism[19,21,30], this profile may be a consequence of
the transformation of hydrogen into methane by methanogenic bacteria present in the colon[14,30]. Methane is synthesized by bacteria in the intestine, where four mmols
of hydrogen and one mmol of carbon dioxide create one
mmol of methane and water[10]. Methanobrevibacter smithii is
the main methanogenic bacterium found in humans, and
preferentially colonizes the left colon[31]. Approximately
15% of individuals in the general population are producers of methane instead of hydrogen[15], which is lower
than the frequency observed in the slum group.
A previous study performed with adults[14] raised the
hypothesis that methane production may be responsible
for the false-negative results obtained from studies on
SIBO. In previous studies of SIBO in children, the concentration of methane in the breath was not determined.
Despite the consistent absence in the literature of methane, in addition to hydrogen, as an indicator of SIBO, the
data from our current study indicate that this possibility
should be analyzed in future research.
In conclusion, in the present study, we observed a
high prevalence of methane producers in children with
or without SIBO who were exposed to poor living conditions. However, there was no direct relationship between
the presence of SIBO and increased methane production
in these children. Thus, the presence of breath methane
seems to be a common condition in individuals exposed
to inadequate environmental factors, as previously reported[21]. Methane production appeared to be relatively
constant during the course of the 3 h breath test. The
value of the inclusion of a methane increment as an additional criterion for the diagnosis of SIBO should be
evaluated in further studies. With respect to the use of
hydrogen as a substrate for methane production in the
colon, our hypothesis was confirmed, based on our observation regarding increased hydrogen production in the
colon of methane non-producers in the slum.

Research frontiers

In breath tests, hydrogen and methane can be detected. Both gases originate
from bacterial fermentation. However, the relationship between methane production and SIBO diagnosis is still unclear.

Innovations and breakthroughs

This is the first study in which methane production was observed in individuals residing in a slum area. In the present study, high methane production was
observed in children from a slum area with or without a diagnosis of SIBO.
Thus, in addition to literature data relating methane production with severe constipation, methane can also be characterized as an indicator of environmental
contamination. These results confirm the hypothesis that hydrogen is used as a
substrate for methane production in the colon.

Applications

The results of this study suggest that the respiratory tests, characterized by
the production of hydrogen and methane, can be performed in the research of
SIBO in individuals exposed to unsanitary/unhealthy environments.

Terminology

SIBO: Clinical disorder characterized by the presence of contaminating bacteria
in the small intestine; Environmental enteropathy: Syndrome characterized
by a set of nonspecific changes, functional and/or morphological, in the small
intestine associated with or without gastrointestinal symptoms. This is a clinical
condition associated with environmental contamination; Breath test: The test
consists of administering a carbohydrate which is degraded and metabolized by
bacteria in the intestine, producing an increase in hydrogen levels in expired air.
Others gases can be detected in the expired air, for example, methane.

Peer review

This is an original study looking for methane and hydrogen expiration in two
children communities, as a token of SIBO.
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Efficacy of endoluminal gastroplication in Japanese
patients with proton pump inhibitor-resistant, non-erosive
esophagitis
Kentaro Tokudome, Yasushi Funaki, Makoto Sasaki, Shinya Izawa, Yasuhiro Tamura, Akihito Iida,
Naotaka Ogasawara, Toshihiro Konagaya, Yoshifumi Tokura, Kunio Kasugai
medication, patients’ symptoms and quality of life (QOL)
were assessed using the questionnaire for the diagnosis of reflux disease, the frequency scale for symptoms
of gastro-esophageal reflux disease (FSSG), gastrointestinal symptoms rating scale, a 36-item short-form.
In addition, 24-h esophageal pH monitoring or 24-h intraesophageal pH/impedance (MII-pH) monitoring was
TM
performed. The Bard EndoCinch was used for ELGP,
and 2 or 3 plications were made. After ELGP, all acid
reducers were temporarily discontinued, and medication was resumed depending on the development and
severity of symptoms. Three mo after ELGP, symptoms,
QOL, pH or MII-pH monitoring, number of plications,
and PPI medication were evaluated. Further, symptoms,
number of plications, and PPI medication were evaluated 12 mo after ELGP to investigate long-term effects.
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RESULTS: The mean FSSG score decreased significantly from before ELGP to 3 and 12 mo after ELGP
(19.1 ± 10.5 to 10.3 ± 7.4 and 9.3 ± 9.9, P < 0.05,
respectively). The total number of plications decreased
gradually at 3 and 12 mo after ELGP (2.4 ± 0.8 to
1.2 ± 0.8 and 0.8 ± 1.0, P < 0.05, respectively). The
FSSG scores in cases with no remaining plications and
in cases with one or more remaining plications were
4.4 and 2.7, respectively, after 3 mo, and 2.0 and 2.8,
respectively, after 12 mo, showing no correlation to
plication loss. On pH monitoring, there was no difference in the percent time pH < 4 from before ELGP to 3
mo after. Impedance monitoring revealed no changes
in the number of reflux episodes or the symptom index
for reflux events from before ELGP to 3 mo after, but
the symptom sensitivity index decreased significantly
3 mo after ELGP (16.1 ± 12.9 to 3.9 ± 8.3, P < 0.01).
At 3 mo after ELGP, 6 patients (31.6%) had reduced
their PPI medication by 50% or more, and 11 patients
(57.9%) were able to discontinue PPI medication altogether. After 12 mo, 3 patients (16.7%) were able to

Abstract
AIM: To evaluate the efficacy, safety, and long-term
outcomes of endoluminal gastroplication (ELGP) in patients with proton pump inhibitor (PPI)-resistant, nonerosive reflux disease (NERD).
METHODS: The subjects were NERD patients, diagnosed by upper endoscopy before PPI use, who had
symptoms such as heartburn or reflux sensations two
or more times a week even after 8 wk of full-dose PPI
treatment. Prior to ELGP, while continuing full-dose PPI
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physiology involved in PPI-refractory NERD. It is now
believed that factors other than gastroesophageal reflux
or non-acid reflux are involved in its pathophysiology[11].
The surgical treatment of erosive GERD originated
with Allison et al[12] in 1951. Laparoscopic fundoplication (Nissen fundoplication or Toupet fundoplication) is
now widely used and is reportedly useful over the longterm [13,14]. However, its inherent invasive nature as a
surgical procedure remains problematic. In response to
the inconvenience and non-compliance associated with
drug use, as well as the complications associated with
laparoscopic surgery, a number of endoscopic techniques
have been developed since 2000, primarily in Europe and
the United States, as less invasive but effective methods.
In Japan, only endoluminal gastroplication (ELGP) using the Bard EndoCinchTM (C. R. Bard, Murray Hill, NJ,
United States) has been covered by national health insurance (K667-3: 12  000 points). This procedure permits
less invasive fundoplication to be accomplished using an
endoscope, and it has been reported to be useful over the
long term[15]. However, it is used in cases in which PPI
treatment is effective. The efficacy of endoscopic treatment in PPI-resistant GERD not amenable to treatment
with oral medication has not yet been sufficiently studied.
Until recently, NERD has been assumed to be milder
than erosive GERD, and NERD has not been considered suitable for surgical treatment. However, surgical
fundoplication is now performed in cases of NERD not
amenable to drug treatment, and its efficacy is becoming
increasingly clear[16,17]. However, the efficacy of endoscopic treatment in NERD patients has not been studied.
Therefore, the efficacy, safety, and long-term course of
ELGP as endoscopic treatment in patients with PPIresistant NERD, who are the most intractable of NERD
patients, were studied.

reduce the amount of PPI medication by 50% or more,
and 12 patients (66.7%) were able to discontinue PPI
medication altogether. A high percentage of cases with
remaining plications had discontinued PPIs medication
after 3 mo, but there was no difference after 12 mo.
No serious complications were observed in this study.
CONCLUSION: ELGP was safe, resulted in significant
improvement in subjective symptoms, and allowed less
medication to be used over the long term in patients
with PPI-refractory NERD.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Non-erosive reflux disease (NERD) refers to a syndrome
that is characterized by complaints of reflux symptoms
such as heartburn without endoscopic evidence of mucosal injury[1]. It accounts for more than half of gastroesophageal reflux disease (GERD) cases in Japan, as
it does in Europe and the United States[2]. NERD and
erosive GERD cannot be distinguished by the severity
of symptoms or their frequency, and they are equally
characterized by compromised quality of life (QOL)[3,4].
Proton pump inhibitors (PPIs), which are first-line drugs
for GERD, are less effective for NERD than they are for
erosive GERD[5]. NERD symptoms are often not amenable to treatment with oral medication. It was recently
proposed that NERD is not just a milder form of reflux
disease but a group of symptoms with pathophysiologic
mechanisms that differ from those of erosive GERD[6].
It has been reported that a number of etiologies may
contribute to the symptoms of heartburn, including motor events, reflux of nonacidic gastric contents, minute
changes in intraesophageal pH, visceral hypersensitivity,
and emotional or psychological abnormalities[7-9]. However, many of the details involved in its mechanism remain
unknown. The recent use of ambulatory multichannel
intraluminal impedance-pH (MII-pH) monitoring has
made it possible to learn about various symptom-inducing factors that could not be determined by conventional
pH monitoring alone[10], and it has elucidated the patho-
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MATERIALS AND METHODS
This was a prospective study conducted at Aichi Medical University Hospital. Nineteen subjects were enrolled
between March 2005 and June 2009 (14 males and 5
females; average age 53.0 ± 4.3 years). The study was
approved by the Aichi Medical University School of
Medicine Ethics Review Board and was conducted with
the written informed consent of patients who had been
given a full explanation of the study. The subjects were
NERD patients, diagnosed by upper endoscopy before
PPI use, who had symptoms such as heartburn or reflux
sensations two or more times a week even after 8 wk of
full-dose PPI treatment (i.e., 30 mg of lansoprazole, 20
mg of rabeprazole, or 20 mg of omeprazole per day).
The following exclusion criteria were used: < 18 years of
age; hiatal hernia (≥ 2 cm); erosive GERD (Los Angeles
Grade A or higher) before PPI use; Barrett’s esophagus;
gastroesophageal varices; past history of gastroesophageal surgery; gross obesity (body mass index > 40 kg/m2);
esophageal stenosis; dysphagia; and primary esophageal
motility disorders diagnosed by intraesophageal manom-
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etry (Polygraf ID, Sierra Scientific, Los Angeles, CA,
United States).

Table 1 Patients’ baseline characteristics
Characteristics

Interview and tests
Prior to ELGP, while continuing full-dose PPI medication, patients were assessed for reflux symptoms based
on the questionnaire for the diagnosis of reflux disease
(QUEST)[18] and the frequency scale for symptoms of
GERD (FSSG)[19]. The gastrointestinal symptoms rating
scale (GSRS) was used as an indicator of gastrointestinal
symptoms, and 36-item short-form (SF-36)[20] interview
was conducted as an assessment of the activity index.
In addition, 24-h esophageal pH monitoring (Digitrapper MK III, Synectics Medical, Los Angeles, CA, United
States) or 24-h transesophageal pH/impedance monitoring (Sleuth® multi-impedance pH monitoring system,
Sandhill Scientific, Highlands Ranch, CO, United States)[10]
was performed. After ELGP, all acid reducers were temporarily discontinued, and medication was resumed depending on the development and severity of symptoms.
Reflux symptoms were assessed by the QUEST and
FSSG interviews at 3 and 12 mo after ELGP. The GSRS
and SF-36 interviews, as well as 24-h esophageal pH
monitoring or 24-h intraesophageal pH/impedance
monitoring, were performed after 3 mo. Analysis was performed using the automatic analysis program BioVIEW
Analysis® (version 5.3.4; Sandhill Scientific, Inc.)[21] to
compare the symptom index (SI), the symptom sensitivity index (SSI), number of reflux episodes, and number
of symptom events. SI is defined as the number of
symptoms associated with reflux divided by the total
number of symptoms during 24 h, and it primarily assesses the specificity of a patient’s reflux symptoms; it is
considered positive if more than 50% of the symptoms
are associated with reflux[22]. SSI is defined as the number
of reflux events associated with symptoms divided by the
total number of reflux events in 24 h, and it quantifies
the subject’s sensitivity for reflux; it is considered positive if more than 10% of the reflux events are associated
with symptoms[23]. Upper endoscopy was also performed
3 and 12 mo after ELGP to compare the number of remaining plications.

19
53.0 ± 4.3 (25-82)
14:5 (73.7%:26.3%)
22.3 ± 0.4 (21.5-23.5)
18 (94.7)
19 (100)

PPI: Proton pump inhibitor.

ing the same procedure at a position rotated 30 to 60 degrees away from the first set of stitches. The two sutures
made a plication using a suturing device (knotting device)
that had been inserted into the biopsy channel of a separate endoscope, and plication was completed by plicating
the tissue in the form of a pouch. The second and third
plications were performed in either a linear or circumferential manner, or a combination of the two, depending
on the available area within the gastro-esophageal junction and position preference[23-27].
Statistical analysis
Data are shown as the means ± SD. Analysis was based
on Wilcoxon’s signed-rank test, the Kruskal Wallis test,
and the Steel-Dwass or χ 2 test. A significant difference
was defined as P < 0.05.

RESULTS
Table 1 shows the characteristics of the 19 subjects
enrolled in this study. One patient died of an accident
during long-term follow-up. Therefore, only 18 subjects
completed long-term follow-up for 12 mo. The QUEST
questionnaire and FSSG questionnaire were each collected from 19 (100%) and 12 (66.7%) subjects 3 and 12
mo after ELGP, respectively. Ten subjects consented to
GSRS, SF-36, and 24-h intra-esophageal pH/impedance
monitoring. Six patients failed to attend for endoscopy at
12 mo. No serious complications were observed in this
study. Minor hemorrhage due to mucosal injury during
the ELGP procedure was observed in only 2 cases.
The mean QUEST score did not change, but the
mean FSSG score decreased significantly, from before
ELGP to 3 and 12 mo after. The total number of plications decreased significantly at 3 and 12 mo after ELGP
(Table 2).
On 24-h esophageal pH monitoring, there was no difference in the percent time pH < 4 from before ELGP to
3 mo after. Impedance monitoring revealed no changes
in the number of reflux episodes or the symptom index
(SI) for reflux events from before ELGP to 3 mo after,
but the number of symptom events and SSI decreased
significantly 3 mo after ELGP (Table 3, Figure 3).
At 3 mo after ELGP, 2 patients were still on full-dose
PPI (10.5%), 6 patients had reduced their PPI medication
by 50% or more (31.6%), and 11 patients were able to
discontinue PPI medication altogether (57.9%). After 12
mo, 2 patients were still on full-dose PPI (11.1%), 3 pa-

ELGP method
The Bard EndoCinchTM (C. R. Bard) was used for endoluminal gastroplication. After the esophagus had been examined by routine endoscopy, an endoscope with a capsule-shaped plication device (with a side hole) mounted at
the tip was brought to the level of the squamocolumnar
junction through the over-tube, where the side hole was
brought into close contact to draw the mucosa into the
capsule with at least 400 mmHg of air suction. After it
had been confirmed that all tissue had been drawn in, a
puncture needle with 3-0 nonabsorbable suture attached
(suture tag), which had been inserted into the biopsy
channel, was passed through. The suction pressure was
released, and the capsule was carefully rotated away from
the stitches side. A suture tag was again set up in the endoscope, and a second set of stitches was placed follow-
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Value

Patients (n)
Age, yr (range)
Sex (male:female)
Body mass index (kg/m2) (range)
Hiatal hernia, n (%)
PPI medication, n (%)
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Table 2 QUEST score, frequency scale for symptoms of the
gastro-esophageal reflux disease score, and plication count
after endoluminal gastroplication

Table 4 Gastrointestinal symptoms rating scale and
36-item short-form at baseline and 3 mo after endoluminal
gastroplication
Baseline (n = 10) 3 mo (n = 10)

Baseline (n = 19) 3 mo (n = 19) 12 mo (n = 12)
QUEST score
FSSG score
Plication count

5.7 ± 4.1
19.1 ± 10.5
2.4 ± 0.8

4.2 ± 4.5
10.3 ± 7.4a
1.2 ± 0.8a

GSRS scale
Overall
Acid reflux
Abdominal pain
Indigestion
Diarrhea
Constipation
SF-36 scale
Physical functioning
Role physical
Bodily pain
General health
Vitality
Social functioning
Role emotional
Mental health

2.5 ± 4.2
9.3 ± 9.9a
0.8 ± 1.0a

a

P < 0.05 vs baseline by Kruskal Wallis test plus Steel-Dwass test. QUEST:
Questionnaire for the diagnosis of reflux disease; FSSG: Frequency scale
for symptoms of gastro-esophageal reflux disease.

Table 3 Twenty-four hour intra-esophageal ambulatory
multichannel intraluminal impedance-pH monitoring data at
baseline and 3 mo after endoluminal gastroplication

24-h intra-esophageal time
pH < 4 (%)
Numbers of reflux events, %
Symptom index (SI), %
Symptom sensitivity index (SSI), %
Number of symptom events, %

n

Baseline

3 mo

18

4.1 ± 4.0

10.4 ± 19.2

10
10
10
10

100.3 ± 16.1
70.9 ± 9.2
16.1 ± 12.9
27.2 ± 5.9

79.5 ± 13.5
79.0 ± 10.1
3.9 ± 8.3b
7.3 ± 5.2b

2.5 ± 0.8
3.3 ± 1.5
2.7 ± 1.4
2.6 ± 1.0
1.8 ± 0.9
2.3 ± 1.3

1.8 ± 0.4a
2.1 ± 0.7a
1.8 ± 0.9a
1.6 ± 0.8a
1.4 ± 0.6
1.9 ± 1.3

46.6 ± 15.8
36.9 ± 20.0
40.5 ± 16.7
43.2 ± 7.8
42.9 ± 12.7
44.0 ± 12.6
37.2 ± 19.4
46.3 ± 11.8

53.7 ± 3.8a
48.7 ± 15.7
52.7 ± 8.3
48.8 ± 6.2a
50.6 ± 6.7
47.2 ± 9.9
47.7 ± 13.7
43.3 ± 11.6

a

P < 0.05 vs 3 mo after endoluminal gastroplication by Wilcoxon’s signed
rank test. GSRS: Gastrointestinal symptoms rating scale; SF-36: 36-item
short-form.

100

b

P < 0.01 vs 3 mo after endoluminal gastroplication by Wilcoxon’s signed
rank test.

Off
Reduced use

80

tients had reduced their PPI medication by 50% or more
(16.7%), and 12 patients were able to discontinue PPI
medication altogether (66.7%) (Figure 1).
The GSRS total score, reflux score, abdominal pain
score, and indigestion score had improved significantly
from before ELGP to 3 mo after. Prior to ELGP, the
SF-36 scores were all below the national standard scores.
After 3 mo, physical functioning and overall health had
improved significantly (Table 4).
Three months after ELGP, one or more plications remained in 80%, and two or more remained in 40%. After
12 mo, one or more plications remained in 43%, and it
was confirmed that the sloughing off of plications was
followed by scar formation in 75%. Therefore, the correlation of medication dose to loss of antireflux function
and symptoms induced by the sloughing off of plications
was studied. The FSSG score in cases with no remaining
plications and in cases with one or more remaining plications was 4.4 and 2.7, respectively, after 3 mo, and 2.0 and
2.8, respectively, after 12 mo, revealing no correlation to
plication loss (Figure 2A). After 3 mo, 33.3% and 66.7%,
respectively, had discontinued PPI medication, whereas
83.3% had done so in both groups after 12 mo. A high
percentage of cases with remaining plications had discontinued PPIs medication after 3 mo, but there was no
difference after 12 mo (Figure 2B).

%

60

40

20

0

Baseline

3 mo

12 mo

Figure 1 Rate of discontinuation or reduction by more than 50% of proton
pump inhibitor use.

patients, reducing their PPI dose and improving their
QOL. Surgical fundoplication has been shown to be effective in reducing esophageal reflux in erosive GERD,
as well as in NERD. Omura et al[16] have reported that,
after laparoscopic fundoplication in 21 NERD patients
with acid or bilirubin reflux, all subjects experienced improvement in symptoms of heartburn and were able to
discontinue or reduce PPI medication. Broeders et al[17]
performed Nissen fundoplication in 96 NERD patients
and 117 erosive GERD patients, with improvement in
symptoms in 89% and 96%, respectively, after 5 years.
In addition, there were no differences between the two
groups in terms of the effect in reducing PPI medication,
improving QOL score, and reducing acid exposure times,
suggesting the long-term efficacy of fundoplication. The
efficacy of surgical fundoplication thus continues to be
established in GERD, as well as in NERD. However,

DISCUSSION
This is the first report showing that ELGP is useful in
improving symptoms in Japanese PPI-resistant NERD
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B

5

Rate of complete resolution of PPI use

A

FSSG score

4
3
2
1
0

3 mo

n /plications

12 mo

Plication 0
Plication ≥ 1

5
4
3
2
1
0

3 mo

n /plications

12 mo

Figure 2 Relationship with the plication number and symptom or proton pump inhibitor use. A: Relationship between the number of plications and the score
of the frequency scale for symptoms of gastro-esophageal reflux disease. There is no significant difference between the two groups (remaining pliccations 0 vs one or
more) after 3 or 12 mo after endoluminal gastroplication (ELGP); B: Relationship between the number of plications and the rate of proton pump inhibitor (PPI) use. The
group with one or more remaining plications shows a tendency to reduced PPI use 3 mo after ELGP (P = 0.07). However, there is no significant difference between
the groups after 12 mo of ELGP.

Symptom sensitivity index (%)

conducted by Schwartz et al[37] in 2007, 60 patients with
GERD were assigned to an EndoCinch group, a sham
treatment group, and an observation group, each composed of 20 subjects, and the subjects were assessed at
3, 6, and 12 mo. After 3 mo, the active treatment group
showed a significant reduction in medication and improvement in GERD symptoms and QOL compared to
the sham treatment group, and these effects lasted as long
as 12 mo. However, there was no difference in esophageal
acid exposure between the treated and sham groups, and
29% of the cases required re-treatment. In the only report of a clinical study in Japan, 48 patients with erosive
GERD underwent ELGP and were followed-up for 2
years. On 24-h pH monitoring, there was improvement in
the percent time pH < 4 from 23.3% ± 26.3% to 10.4%
± 9.6%, as well as 80% improvement from a Los Angeles
endoscopic classification of Grade A, B, or C to Grade
O. Overall, 66% discontinued PPIs or H2RA medication,
76% discontinued at least 50% of their medications, and
54% to 66% experienced complete resolution of GERD
symptoms[15]. Meanwhile, Arts et al[27] performed ELGP
in 20 PPI-resistant GERD patients, and reported that 13
and 6 patients were able to discontinue PPI medication
3 and 12 mo later, respectively, and pH monitoring also
revealed normalization. These results showed that this
treatment method could be indicated for PPI-resistant
patients, but there have thus far not been any reports involving PPI-resistant NERD patients.
As previously reported, the mechanism of ELGP is
believed to involve a decrease in esophageal acid exposure[15]. However, in the present study, 24-h intraesophageal pH monitoring revealed mild worsening rather than
improvement in the percent time pH < 4 after ELGP.
Although it can be said that this was caused by the fact
that pH was monitored prior to ELGP while the patients
were on full-dose PPI, the fact that symptoms improved
and that the rate of PPI medication decreased in patients
with GERD symptoms despite being on PPI medication

P < 0.01

50
40
30
20
10
0

n = 10
Baseline
16.1% ± 12.9%

3 mo
3.9% ± 8.3%

Figure 3 Symptom sensitivity index transition at baseline and 3 mo after
endoluminal gastroplication.

it has been reported that surgical fundoplication is associated with complications approximately 10% of the
time, and that dysphagia lasting 3 mo or longer has been
observed[28]. The procedure is also associated with an operative mortality of about 0.5% to 0.7%[29], which may be
considered a problem for the treatment of a benign disease. There are also no differences in the long-term (140
mo) effect compared to drug treatment[30], and the cost is
higher compared to 10 years of treatment with omeprazole[31]. It was in light of this background that endoscopic
treatments were proposed as less invasive but effective
treatment methods[32,33]. Endoscopic fundoplication is an
extremely safe method among such treatments, and its
efficacy in erosive GERD is also being studied[34,35].
The results of 6, 12, and 24 mo of observation have
been reported by Filipi et al[36], Mahmood et al[25], and
Chen et al[26] in typical clinical studies of ELGP. All reported significant improvements in heartburn and reflux
scores, as well as a significant reduction in PPI medication, and these effects lasted as long as 24 mo. In the only
randomized, double-blind, comparative study, which was
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suggests that factors other than esophageal acid exposure
are involved in the development of symptoms in PPIresistant NERD patients. ELGP involves the endoscopic
formation of folds, which are believed to physically prevent reflux through bosselation at the gastroesophageal
junction. However, 24-h intraesophageal pH impedance
monitoring in the present study did not reveal significant decreases in the percent time pH < 4 or number of
episodes of reflux before and after ELGP. Although the
possibility cannot be ruled out that esophageal reflux was
not adequately controlled because of the spontaneous
sloughing off of plications 3 mo after ELGP, it has also
been reported elsewhere that pH monitoring revealed no
changes before and after surgery[36,37], and many questions
remain regarding the relationship between esophageal
acid exposure and the development of symptoms.
In the present study, the number of symptom events
and SSI decreased significantly, regardless of the lack
of change in the number of episodes of reflux and SI
(Figure 3). These results mean that the specificity of a
NERD patient’s reflux symptoms did not change, but
the subject’s sensitivity for reflux decreased after surgery.
This suggests that factors other than esophageal reflux
are involved in the development of the symptoms of
NERD, and the presence of esophageal hyperesthesia
may be one such factor. Patients with GERD experience
proximal esophageal reflux more than normal individuals, but the incidence of proximal esophageal symptoms
is significantly higher in NERD patients than in GERD
patients[38]. In addition, the time for symptoms to develop
during 10 min of intraesophageal hydrochloric acid infusion, the intensity of symptoms, and the sensitivity index
are significantly higher in NERD patients than in normal
individuals, patients with reflux esophagitis, and patients
with Barrett’s esophagus[39].
Animal studies have confirmed fibrosis near plications
and local thickening of smooth muscle of the gastroesophageal junction[40,41]. It has thus been postulated that
sensory nerves densely distributed in the gastroesophageal junction might be damaged by plication, resulting in
a loss of sensitivity[42]. The lack of apparent differences
in symptom scores between cases in which plications
completely disappeared and cases in which they remained
suggests the involvement of esophageal hyperesthesia in
the pathology of PPI-resistant NERD. Mechanisms in
which tissue degeneration and scar formation in the gastroesophageal junction result in changes in compliance
and internal pressure, as well as transient lower esophageal sphincter relaxation, have also been considered[43].
GSRS has found overlap in various gastrointestinal
symptoms and decreases in the scores of all items in the
SF-36, and decreases in health-related quality of life (HRQOL) have been confirmed in PPI-refractory NERD
patients. In the present study, ELGP was found to improve HR-QOL in PPI-resistant NERD patients, and the
long-term effects were confirmed not only at 3 mo after
surgery, but also at 12 mo, showing no recurrence of
GERD symptoms and a decrease in PPI use. These find-
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ings suggest that HR-QOL was maintained.
Montgomery et al[44] conducted a randomized, comparative study of ELGP and placebo treatment in 46 patients with erosive GERD. After 3 mo, there was significant improvement in heartburn symptoms and PPI use in
the ELGP group, but it was reported that the differences
from the sham treatment group disappeared after 12 mo.
Overall, 71% and 67% of the plications remained after 3
and 12 mo, respectively, and the attenuation of the effects
was attributed to the decrease over time in the percentage
of remaining plications[45,46]. On the other hand, while an
apparent loss of plications over time was observed in the
present study of PPI-resistant NERD patients, there was
virtually no recurrence of symptoms, and patients were
able to wean themselves off of medication over the long
term. It is therefore possible that ELGP is more useful
in NERD, particularly PPI-resistant NERD that is not
amenable to oral treatment, than in erosive GERD. The
results also suggest differences in the pathology of erosive GERD and NERD.
Most endoscopic treatment in GERD to date has been
in patients for whom oral treatment was effective, but the
present study was unique in that it looked at cases not
amenable to oral treatment and demonstrated the efficacy
and safety of the treatment. However, the study suffered
from several shortcomings. The first is the lack of any
placebo treatment as a control, and the limited number
of cases. In actuality, no sham groups were established in
many preceding studies of endoscopic treatment[15,25-27,36,47].
It is often difficult to establish a rigorous model, because
the frequent development of complications in active
treatment groups hinders blinding, and because increased
efficacy is also sometimes observed in sham groups. In
the future, it will be necessary to conduct a blinded, randomized, comparative study with a sufficient sample size
in order to confirm the efficacy of ELGP treatment in
PPI-resistant NERD patients suggested in this study. Second, the 12-mo observation period was inadequate, and it
will be necessary to study efficacy for a longer period of
time from medical and economic perspectives. It is also
possible that the improvement in symptoms by ELGP
in PPI-resistant NERD patients results from a variety
of mechanisms, including esophageal hyperesthesia, in
addition to the physical action of preventing reflux, and
further study from that perspective is also necessary.
Despite the many limitations of this study, this is the
first report to show endoscopic treatment to be highly
effective and safe in PPI-resistant NERD patients who
are not amenable to oral treatment and who suffer from
significantly compromised QOL. With the accumulation
of evidence in the future, it is possible that there will be
new indications for endoscopic therapy, including postgastrectomy GERD and complementary therapy until
surgery or postoperative salvage for GERD.
In conclusion, in this study, ELGP significantly improved subjective symptoms and reduced long-term oral
medication in Japanese PPI-resistant NERD patients, and
it appears to be a safe and useful method of treatment.
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COMMENTS
Background

7

Non-erosive reflux disease (NERD) refers to a syndrome that is characterized by complaints of reflux symptoms such as heartburn without endoscopic
evidence of mucosal injury. The severity and frequency of NERD symptoms
is similar to erosive gastroesophageal reflux disease (GERD) and is often not
amenable to treatment with oral medication. Especially, PPI-resistant NERD is
the most intractable NERD patients. Instead of medication therapy, the surgical
treatment of erosive GERD, laparoscopic fundoplication, has been developed.
On the other hand endoscopic techniques have been developed recently as
less invasive but effective methods for erosive GERD.

8
9

Research frontiers

10

Endoscopic treatments were proposed as less invasive but effective treatment
methods for GERD. Especially, endoluminal gastroplication (ELGP) is an extremely safe method among such treatments and its efficacy in erosive GERD
is also being studied. Most endoscopic treatment in GERD to date has been
in patients for whom oral treatment was effective, but the present study was
unique in that it looked at cases not amenable to oral treatment and demonstrated the efficacy and safety of the treatment.

11

12

Innovations and breakthroughs

13

Before and after ELGP, patients’ symptoms, quality of life (QOL) and 24-h intraesophageal pH/impedance (MII-pH) monitoring were assessed. After ELGP, the
symptoms, QOL and esophageal sensitivity improved significantly. Furthermore,
66.7% patients were able to discontinue proton pump inhibitor (PPI) medication.
This is the first report to show endoscopic treatment to be highly effective and
safe in PPI-resistant NERD patients who are not amenable to oral treatment
and who suffer from significantly compromised QOL.

15

With the accumulation of evidence in the future, it is possible that there will be
new indications for endoscopic therapy, including postgastrectomy GERD and
complementary therapy until surgery or postoperative salvage for GERD.

16

14

Applications

Terminology

NERD: It is a syndrome that is characterized by complaints of reflux symptoms
such as heartburn without endoscopic evidence of mucosal injury; ELGP is a
recently introduced endoscopic therapy for GERD refractory to medical therapy.
This novel approach involves the insertion of an endoscopic suturing device
into the esophagus to create partial-thickness, internal gastric plications that
serve as an anti-reflux barrier.

17

Peer review

18

This is a good clinical study in which authors analyze the endoscopic therapy
effects for PPI-resistant NERD patients who are not amenable to oral treatment.
The results are interesting and suggest that this endoscopic technique create
a new indication for NERD therapy, especially PPI-resistant NERD who are the
most intractable of NERD patients.
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BRIEF ARTICLE

Electrogastrography associated with symptomatic changes
after prokinetic drug treatment for functional dyspepsia
Hyun Chul Lim, Sang In Lee, Jiande DZ Chen, Hyojin Park
Patients who had normal gastric slow waves showed
symptom improvement group after treatment. Postprandial DF showed a downward trend in the symptom
improvement group, especially in the itopride group.
Post-prandial DP was increased regardless of symptom improvement, especially in the itopride group and
mosapride group. Post-prandial DFIC and DPIC in the
symptom improvement group were significantly increased after the treatment. The EGG power ratio was
increased after treatment in the symptom improvement
group (0.50 ± 0.70 vs 0.93 ± 1.77, P = 0.002), especially in the itopride and levosulpiride groups.

Hyun Chul Lim, Sang In Lee, Hyojin Park, Department of
Internal Medicine, Yonsei University College of Medicine, Seoul
120-752, South Korea
Jiande DZ Chen, Division of Gastroenterology, Department of
Internal Medicine, University of Texas Medical Branch, Galveston, TX 77555, United States
Author contributions: Park H designed the research; Lim HC,
Lee SI and Chen JDZ wrote the paper.
Correspondence to: Hyojin Park, MD, Department of Internal Medicine, Yonsei University College of Medicine, Seoul
120-752, South Korea. hjpark21@yuhs.ac
Telephone: +82-2-20193310 Fax: +82-2-34633882
Received: February 20, 2012 Revised: June 7, 2012
Accepted: June 28, 2012
Published online: November 7, 2012

CONCLUSION: Prokinetics could improve the symptoms of FD by regulating gastric myoelectrical activity,
and EGG could be a useful tool in evaluating the effects
of various prokinetics.

Abstract
AIM: To evaluate the effect of prokinetic drugs on electrogastrography (EGG) parameters according to symptomatic changes in patients with functional dyspepsia
(FD).

© 2012 Baishideng. All rights reserved.

METHODS: Seventy-four patients with FD were prospectively enrolled in this study between December
2006 and December 2010. We surveyed the patients
using a questionnaire on dyspeptic symptoms before
and after an 8-wk course of prokinetic drug treatment.
We also measured cutaneous pre-prandial and postprandial EGG recordings including percentage of gastric waves (normogastria, bradygastria, tachygastria),
dominant frequency (DF), dominant power (DP), dominant frequency instability coefficient (DFIC), dominant
power instability coefficient (DPIC), and the ratio of
post-prandial to fasting in DP before and after the 8-wk
course of prokinetic drug treatment.
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RESULTS: Fifty-two patients (70%) achieved symptomatic improvement after prokinetic drug treatment.
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hematologic and chemical evaluations, upper esophagogastro-duodenoscopy or an upper gastrointestinal
series, before taking prokinetic drugs. Exclusion criteria
included patients (1) who had organic or metabolic diseases (i.e., diabetes mellitus, liver cirrhosis); (2) who had
gastrointestinal diseases which had associated dyspeptic
symptoms such as inflammatory bowel disease, cancer
and ulcers; (3) who had a history of abdominal surgery;
and (4) who were taking drugs which could affect gastrointestinal motility, including other prokinetics, cholinergic/anticholinergic agents, and antidepressive agents,
for at least 4 wk prior to study start.

INTRODUCTION
Electrogastrography (EGG) is a noninvasive technique
for recording gastric myoelectrical activity using electrodes on the abdominal wall overlying the stomach.
EGG has been used as a diagnostic tool to determine
the mechanism of symptom generation in patients who
have dyspeptic symptoms, including nausea, vomiting,
post-prandial fullness, bloating, and early satiety, due to
gastric motility disorders and abnormal gastric myoelectrical activity[1]. The EGG records the rhythms of gastric
slow waves, which provide information on the velocity
and propagations of gastric contractions. The previous
studies showed the associations of tachyarrhythmia with
absent antral contractions, and bradyarrhythmia with
strong or absent antral contractions[2]. Gastric dysrythmia including bradygastria and tachygastria is observed
in 31%-69% of patients with functional dyspepsia (FD),
and several gastric rhythm abnormalities were described
in patients with diabetic gastroparesis and motion sickness[3-6]. EGG also records the gastric myoelectrical activities which show the amplitude of gastric contraction.
The amplitude increases in the post-prandial state in
healthy populations (90%-95%) and a lack of an increase
is believed to reflect decreased gastric motor activity[7].
Prokinetic drugs are used to treat FD by potentially
enhancing gastrointestinal motility and accelerating gastric emptying. Several prokinetic drugs, such as cisapride
and domperidone, are known to correct dysrhythmias
and symptoms in patients with gastroparesis and dyspepsia[8,9]. Recently, prokintics drugs, such as itopride hydrochloride, mosapride citrate, and levosulpiride, were used
widely for treatment of upper gastrointestinal motility
disease, but the clinical utility of changes in EGG parameters after treatment with these prokinetics in patients
with FD symptoms has not been well established[10].
This prospective study was conducted to evaluate the
effect of itopride hydrochloride, mosapride citrate, and
levosulpiride on EGG parameters according to symptomatic changes in patients with FD.

Method
Protocol for drug administration: A prokinetic drug
was administered after patients completed the questionnaires on FD and baseline EGG recordings were completed. The patients were assigned to one of 3 groups
based on the type of treatment drug: itopride hydrochloride (Ganaton®, Choogwae Pharma, South Korea) (n =
24), mosapride citrate (Gasmotin®, Daewoong Pharma,
South Korea) (n = 28), and levosulpiride (Levopride®, SK
Chemical Life Science, South Korea) (n = 22). Itopride
hydrochloride (50 mg tablet), mosapride citrate (5 mg tablet), and levosulpiride (25 mg tablet) were administered to
patients in each group 3 times a day in the post-prandial
state for 8 wk, and drugs which could affect gastrointestinal function were not allowed to be used throughout the
study.
Questionnaires for functional dyspepsia: Symptoms
of epigastric pain, epigastric burning, post-prandial
fullness, early satiety, post-prandial bloating, and postprandial nausea or excessive belching were scored in accordance with the following scheme: 0 = none, 1 = mild
(symptoms could be ignored if the patient did not think
about it), 2 = moderate (symptoms could not be ignored
but did not influence daily activities), 3 = severe (symptoms influenced daily activities)[12]. For each patient, the
total symptom severity score was the sum of the 6 symptom scores (minimum 0 to maximum 18). The frequency
of dyspeptic symptoms also described above was scored
in accordance with the following scheme: 0 = none, 1
= once or twice a month 2 = once or twice a week, 3 =
more than 3 times a week. These scores were added to
yield the total symptom frequency score (minimum 0 to
maximum 18). The questionnaires were completed again
after 8-wk treatment.

MATERIALS AND METHODS
Patients
This study was a prospective study approved by the
Institutional Review Committee of Yonsei University
Health System and was conducted in compliance with
the Declaration of Helsinki. All patients were fully
informed of the purposes of the study and written informed consent was obtained from all patients prior to
participation.
We reviewed patients who visited the Gangnam Severance Hospital, Yonsei University, South Korea for dyspeptic symptoms between December 2006 and December 2010. Patients with symptoms meeting the Rome III
criteria for FD underwent the following procedures[11]:
an interview on medical history, physical examination,
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Electrogastrography: EGG (Digitrapper EGG; Synetics Medical Inc, Stockholm, Sweden) was used to record
gastric myoelectrical activity with low and high cutoff
frequencies of 1 and 10 cpm, respectively. After an
overnight fast, EGG recordings were obtained in the
morning for 30 min in the fasting state and for another
30 min after a test meal at baseline before treatment.
This procedure was repeated after 8-wk treatment. To
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Table 1 Patient demographics and pattern of dysrhythmia according to symptom improvement

Male:female (n)
Age (range), yr
Height
Weight

Total patients (n = 74)

Symptom improvement (n = 52)

Symptom resistance (n = 22)

26:48
51.7 (19-70)
165.2 ± 12.4
61.3 ± 9.7
Pre-treatment
Post-treatment
8.09 ± 0.43
5.51 ± 0.46a
9.27 ± 0.49
6.81 ± 0.54a

18:34
53.5 (27-70)
166.3 ± 11.6
62.3 ± 9.1
Pre-treatment
Post-treatment
8.90 ± 0.46
4.52 ± 0.47a
9.96 ± 0.54
5.79 ± 0.60a

8:14
47.6 (19-70)
164.9 ± 10.1
58.8 ± 10.2
Pre-treatment
Post-treatment
6.18 ± 0.85
7.86 ± 0.92
7.64 ± 1.01
9.23 ± 0.97

Symptom severity score
Symptom frequency score
Gastric dysrhythmia (pre-prandial)
Bradygastria
Normogastria
Tachygastria
Gastric dysrhythmia (post-prandial)
Bradygastria
Normogastria
Tachygastria

16 (21.6)
33 (44.6)
25 (33.8)

11 (14.9)
52 (70.3)a
11 (14.9)a

9 (17.3)
26 (50.0)
17 (32.7)

7 (13.5)
37 (71.2)a
8 (15.4)a

6 (27.3)
9 (40.9)
7 (31.8)

4 (18.2)
15 (68.2)
3 (13.6)

17 (23.0)
33 (44.6)
24 (32.4)

10 (13.5)
45 (60.8)
19 (25.7)

10 (19.2)
26 (50.0)
16 (30.8)

6 (11.5)
37 (71.2)a
14 (26.9)

4 (18.2)
11 (50)
7 (31.8)

4 (18.2)
13 (59.1)
5 (22.7)

a

P < 0.05 vs pre-treatment group. Data are presented by mean ± SD or n (%).

reduce the resistance between electrode and skin, hair
was shaved and skin abraded with prepping paste (OMNI
PREP®, D.O. Weaver & Co. United States) on the abdomen, and conductive cream (Signa Creme®, Parker
Laboratories, United States) was applied to the skin. Two
electrodes were placed on the abdomen, one midway between the xyphoid process and umbilicus, and the other
5 cm to the left, just below the costal margin. A reference electrode was placed on the right side of the abdomen. These electrodes were connected to a Digitrapper
EGG recording devices. The patients were in a sitting
position leaning 45° in a comfortable chair. The test
meal was composed of solid food (rice rolled up in dried
seaweed with orange juice, 500 kcal). The EGG data
were uploaded into a personal computer and analyzed
by a software program (Polygram for Windows, version
6.40, Synetics Medical Inc, Stockholm, Sweden).
EGG recordings were analyzed to derive the following parameters: (1) percentage of normal gastric
waves (2.0-4.0 cpm), bradygastric waves (1.0-2.0 cpm),
and tachygastric waves (4.0-10.0 cpm); (2) dominant
frequency (DF); (3) dominant power (DP); (4) dominant
frequency instability coefficient (DFIC, %); (5) dominant
power instability coefficient (DPIC, %); and (6) the ratio
of post-prandial to fasting in DP. A percentage of normal slow wave frequency of more than 70% was defined
as normal.

drugs used in this study.
Demographic data, questionnaire scores and parameters recorded in EGG were statistically analyzed by the
paired Student t test and Fisher’s exact test using SPSS
17.0. Data are expressed as the mean ± SE and a P-value
< 0.05 was considered significant.

RESULTS
This study included 74 patients (26 men, 48 women:
median age 51.7 years, range: 19-70 years). After 8 wk
of prokinetic drug treatment, 52 patients (70%) showed
symptomatic improvement, while 22 patients (30%) had
no improvement or aggravated symptoms. There were
no significant demographic differences between patients
with improved symptoms and those without improvement (Table 1). There were no significant differences in
demographics, and symptom improvement rate among
the itopride hydrochloride group, the mosapride citrate
group, and the levosulpiride group (Table 2).
Symptom scores for functional dyspepsia
The mean symptom severity score for all patients was
8.09 ± 0.43 at baseline vs 5.51 ± 0.46 post-treatment (P
< 0.05). Symptom severity scores were significantly decreased in the symptom improvement group, while there
were no significant changes in the symptom resistance
group. Symptom severity scores were significantly decreased after all prokinetic drugs (Table 2).
The mean symptom frequency score of all patients
was 9.27 ± 0.49 at baseline and 6.81 ± 0.54 after treatment (P < 0.05). Symptom frequency scores were significantly decreased in the symptom improvement group,
while there were no significant changes in the symptom
resistance group. Symptom severity scores were decreased after all prokinetic drugs, but significant differences were shown only in the itopride hydrochloride

Statistical analysis
The patients were classified into 2 groups: a symptom
improvement group if symptom severity and frequency
scores decreased after treatment with prokinetic drugs;
and a symptom resistance group if symptom severity and frequency scores increased or were unchanged
after treatment. EGG parameters at baseline were compared with post-treatment EGG parameters, according
to symptomatic improvement and types of prokinetic
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Table 2 Demographic and treatment success of patients and pattern of dysrhythmia according to prokinetic drugs
Itopide (n = 24)
Male:female (n)
Age (range), yr
Height
Weight
Symptom improvement

5:19
49.8 (30-64)
166.1 ± 10.1
60.8 ± 7.7
18 (75)
Pre-treatment
Post-treatment
Symptom severity score
7.96 ± 0.84
5.00 ± 0.86a
Symptom frequency score
9.21 ± 0.92
6.08 ± 0.99a
Gastric dysrhythmia (pre-prandial)
Bradygastria
5 (20.8)
4 (16.7)
Normogastria
8 (33.3)
17 (70.8)a
Tachygastria
11 (45.8)
3 (12.6)a
Gastric dysrhythmia (post-prandial)
Bradygastria
5 (20.8)
3 (12.5)
Normogastria
11 (45.8)
14 (58.3)
Tachygastria
8 (33.3)
7 (29.2)

Mosapride (n = 28)

Levosulpiride (n = 22)

10:18
49.6 (19-70)
163.0 ± 11.0
62.7 ± 11.5
17 (61)
Pre-treatment
Post-treatment
7.61 ± 0.64
5.46 ± 0.79a
8.86 ± 0.78
6.86 ± 0.89

11:11
56.6 (39-70)
167.1 ± 13.2
61.3 ± 10.5
17 (77)
Pre-treatment
Post-treatment
8.86 ± 0.76
6.14 ± 0.76a
9.86 ± 0.83
7.55 ± 0.96

6 (21.4)
15 (53.6)
7 (25)

4 (14.3)
18 (64.3)
6 (21.4)

4 (18.2)
12 (54.5)
6 (27.3)

3 (13.6)
15 (68.2)
4 (18.2)

6 (21.4)
12 (42.9)
10 (35.7)

6 (21.4)
16 (57.1)
6 (21.4)

3 (13.6)
14 (63.6)
5 (22.7)

1 (4.5)
15 (68.2)
6 (27.3)

a

P < 0.05 vs pre-treatment group. Data are presented by mean ± SD or n (%).

ndial DF showed no significant changes regardless of
symptom improvement or type of prokinetic drug (Figure
2). Post-prandial DF was decreased after treatment in
the symptom improvement group and especially in the
itopride treatment group. Pre-prandial DP showed no
significant changes regardless of symptom improvement
or prokinetic drug after treatment. Post-prandial DP was
increased regardless of symptom improvement especially
in the itopride group (19.34 ± 6.08 at baseline vs 42.49
± 6.13 after treatment, P = 0.010) and mosapride group
(24.04 ± 6.47 at baseline vs 56.24 ± 11.83 after treatment,
P = 0.020).

group (Table 2).
Parameters of EGG recording
Patients who had gastric dysrhythmia: After prokinetic treatment, the number of patients who had normal
gastric slow waves was increased in the symptom improvement group and in the itopride treatment group. In
particular, the number of patients who had tachygastria
were decreased in the symptom improvement group and
in the itopride treatment group (Tables 1 and 2).
Percentage of gastric slow waves: The pre-prandial
percentage of gastric slow waves was 64.99% ± 2.93%
for normal, 14.01% ± 1.93% for bradygastria, and
18.73% ± 2.24% for tachygastria at pre-treatment (Figure 1A). At the end of the 8-wk treatment, the percentage of pre-prandial gastric slow waves was 68.47% ±
2.54% for normal, 16.12% ± 2.94% for bradygastria,
and 15.09% ± 1.71% for tachygastria. Dysrythmia did
not show significant changes regardless of symptom
improvement. The itopride treatment group showed
significant decreases in pre-prandial tachygastria, but
there were no significant changes in the mosapride and
levosulpiride treatment groups. The percentage of postprandial gastric slow waves was 63.08% ± 2.25% for
normal, 16.52% ± 2.22% for bradygastria and 20.09%
± 2.05% for tachygastria at pre-treatment. At the end
of prokinetic treatment, the percentage of post-prandial
gastric slow waves was 63.87% ± 2.25% for normal,
16.52% ± 1.92% for bradygastria, and 20.09% ± 19.48%
for tachygastria (Figure 1B). There were no significant
changes regardless of symptom improvement, nor were
there any significant changes among the itopride, mosapride, and levosulpiride treatment groups.

Dominant frequency instability coefficient and
dominant power instability coefficient: Pre-prandial
DFIC and DPIC after treatment were not changed
regardless of symptom improvement and type of prokinetic drug (Figure 2). Post-prandial DFIC and DPIC
were significantly increased after treatment (74.29% ±
24.45% vs 82.69% ± 27.05%, P = 0.035) in the symptom
improvement group, but there was no significant differences between the prokinetics.
Power ratio: After treatment, the EGG power ratio was
increased in the symptom improvement group (0.64 ±
0.07 vs 1.23 ± 0.16, P = 0.002), especially in the levosulpiride treatment group (Figure 3).

DISCUSSION
FD is a common clinical syndrome characterized by
pain or discomfort in the upper abdomen without any
identifiable structural or biochemical abnormality. The
pathophysiology of FD involves various mechanisms,
including delayed gastric emptying, impaired accommodation in the proximal stomach, and increase duodenal

Dominant frequency and dominant power: Pre-pra
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Figure 1 Proportion of gastric slow waves on electrogastrography. A: Pre-prandial; B: Post-prandial. aP < 0.05 vs pre-treatment.

sensitivity to lipid or acid, and pathologic factors include
genetic susceptibility, Helicobacter pylori (H. pylori) infection, and psychological factors[13]. There has been no single available therapy for FD due to the heterogeneity of
the symptoms and various mechanisms and pathologic
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factors. Accordingly, a wide variety of treatment methods have been used for FD such as dietary and lifestyle
modification, H. pylori eradication, antacids, mucosal
protectants, prokinetics, and psychological and complementary therapy[13].
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Figure 2 Changes in dominant frequency and dominant power, dominant frequency instability coefficient and dominant power instability coefficient after
prokinetic treatment. A: Dominant frequency (DF) in pre-prandial electrogastrography (EGG); B: DF in post-prandial EGG; C: Dominant power (DP) in pre-prandial
EGG; D: DP in post-prandial EGG; E: Dominant frequency instability coefficient (DFIC) in pre-prandial EGG; F: DFIC in post-prandial EGG; G: Dominant power instability coefficient (DPIC) in pre-prandial EGG; H: DPIC in post-prandial EGG. aP < 0.05 vs pre-treatment.
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3

improvements in gastric dysrhythmia in the pre-prandial
state, but significant differences were shown only with
itopride[28,29].
The DF reflects the regularity of gastric slow waves
and the DP reflects the amplitude of gastric slow waves.
However, the relationship of DF and DP with functional dyspepsia was not clear [30]. Our data showed a
decrease in post-prandial DF in the symptom improvement group, and post-prandial DP was high regardless
of symptom improvement. Itopride significantly decreased post-prandial DF, and both itopride and mosapride increased post-prandial DP. According to this
study, prokinetics might improve the symptoms of FD
by improvement in dysrhythmic gastric movement which
is represented by decreased DF, and by activating gastric
movement which is represented by increased DP.
DPIC increases during antral contractions, and
DFIC increases during pregnancy and in patients with
gastroesophageal reflux disease. Previous studies showed
that pediatric patients who have dyspeptic symptoms
reported a high instability coefficient, however, there
was not enough data showing the relationship between
the DPIC/DFIC and clinical symptoms in FD patients
clearly[31-33]. Our data showed increased DPIC/DFIC in
the symptom improvement group after prokinetic drug
treatment[34]. Increased DPIC/DFIC might be due to
the increased variability of changes in gastric movement
activated by prokinetics.
The EGG power ratio increases after an appropriate
test meal in normal subjects, and decreases in gastroparesis and FD patients[1]. The EGG power ratio increased
in responders after prokinetic treatment with itopride
and levosulpiride, but not with mosapride in our study.
The EGG power ratio is believed to be associated with
gastric contractility; the increase in the EGG power ratio
observed in this study reflected an increase in gastric
contractions. This data is in agreement with previous
studies in that prokinetics, especially levosulpiride, increased gastric contractions or gastric emptying[35].
In summary, dysrhythmia was recorded about half of
the time in FD patients, and prokinetic treatment successfully improved symptoms. The symptom improvement group showed decreased post-prandial DF and
increased post-prandial DP, DFIC/DPIC and power
ratio after treatment with prokinetics. Itopride improved
gastric dysrhythmia, decreased post-prandial DF, and
increased post-prandial DP; mosapride increased postprandial DP and levosulpiride increased the EGG power
ratio.
The mechanism of prokinetics on gastric electrical
activity could be (1) to stabilize the gastric slow waves
which is represented by an improvement in gastric dysrhythmia and a decrease in post-prandial DF; and (2) to
increase gastric motility which is represented by an increase in post-prandial DP and in the EGG power ratio
by activating gastric movements which is represented by
increased DPIC/DFIC.
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Figure 3 Power ratio before and after the 8-wk course of treatment. aP <
0.05 vs pre-treatment.

Abnormal gastric motility such as delayed gastric
emptying or uncoordinated antral contraction is common in functional dyspepsia[14,15]. Gastrointestinal motor
dysfunctions can be assessed by gastric emptying scan
and/or manometry, and gastric myoelectrical abnormalities can be detected by noninvasive cutaneous EGG.
EGG as a diagnostic technique has been frequently used
for the detection of gastric dysrhythmia in patients with
nausea, vomiting and other dyspeptic symptoms. Several
previous studies have shown a positive correlation between abnormal EGG and delayed gastric emptying[16-18].
The most common abnormal EGG finding is dysrhythmia, low EGG power ratio and high instability
coefficient[19-22]. The percentage of patients who had gastric dysrhythmia (percent of normal slow waves < 70%)
were 55.4% at pre-prandial and post-prandial periods
in our study. This data was similar to previous studies
which reported dysrhythmias in 31%-69% of functional dyspepsia cases[4]. However, we did not find any
significant difference in the percentage of gastric slow
waves between the symptom improvement group and
the symptom resistance group after treatment and there
were no correlations between gastric dysrhythmia and
symptom severity or symptom frequency either. This
could be because FD symptoms are caused by different
abnormalities, for example, impaired gastric accommodation (vagally and nitrergically mediated mechanisms)
may cause symptoms but this has little to do with gastric
slow waves[23].
Prokinetics such as cisapride (5-HT4 agonist/weak
5-HT3 antagonist) and domperidone (D2 antagonist)
have been shown to improve gastric dysrhythmia in
patients with diabetic gastroparesis, whereas low dose
erythromycin was reported to have no effects on dysrhythmia [24-27] . Few studies showed that mosapride
improved the gastric dysrhythmia and power ratio. In
our study, itopride, mosapride and levopride showed
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In conclusion, the findings of this study suggest
that prokinetics could improve the symptoms of FD by
regulating gastric myoelectrical activity, and the EGG
could be a useful tool to evaluate the effects of various
prokinetics.
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BRIEF ARTICLE

Comparative study of rendezvous techniques in post-liver
transplant biliary stricture
Jae Hyuck Chang, In Seok Lee, Ho Jong Chun, Jong Young Choi, Seung Kyoo Yoon, Dong Goo Kim,
Young Kyoung You, Myung-Gyu Choi, Sok Won Han
stents was 100% in both groups. A KMP catheter was
easier to manipulate than a guidewire. The mean procedure time in the KMP catheter group (1012 s, range:
301-2006 s) was shorter than that in the guidewire
group (2037 s, range: 251-6758 s, P = 0.022). The cumulative probabilities corresponding to the procedure
time of the two groups were significantly different (P =
0.008). The factors related to procedure time were the
rendezvous technique method, the number of inside
stents, the operator, and balloon dilation of the stricture (P < 0.05). In a multivariate analysis, the rendezvous technique method was the only significant factor
related to procedure time (P = 0.010). The procedural
complications observed included one case of mild acute
pancreatitis and one case of acute cholangitis in the
guidewire group, and two cases of mild acute pancreatitis in the KMP catheter group.
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CONCLUSION: The rendezvous technique involving
use of the KMP catheter was a fast and safe method for
placing inside stents in patients with LDLT biliary stricture that represents a viable alternative to the guidewire rendezvous technique.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Rendezvous; Biliary stricture; Liver transplantation; Endoscopic retrograde cholangiography;
Percutaneous transhepatic biliary drainage

AIM: To investigate the usefulness of a new rendezvous
technique for placing stents using the Kumpe (KMP)
catheter in angulated or twisted biliary strictures.

Peer reviewers: Takahiro Nakazawa, Professor, Nagoya City

METHODS: The rendezvous technique was performed
in patients with a biliary stricture after living donor liver
transplantation (LDLT) who required the exchange of
percutaneous transhepatic biliary drainage catheters for
inside stents. The rendezvous technique was performed
using a guidewire in 19 patients (guidewire group)
and using a KMP catheter in another 19 (KMP catheter
group). We compared the two groups retrospectively.

University, Shinmichi1-11-11 Nishiku, Nagoya 451-0043, Japan;
Jin Hong Kim, Professor, Department of Gastroenterology, Ajou
University Hospital, San 5, Wonchon-dong, Yeongtong-gu, Suwon 442-721, South Korea
Chang JH, Lee IS, Chun HJ, Choi JY, Yoon SK, Kim DG, You
YK, Choi MG, Han SW. Comparative study of rendezvous
techniques in post-liver transplant biliary stricture. World J
Gastroenterol 2012; 18(41): 5957-5964 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i41/5957.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i41.5957

RESULTS: The baseline characteristics did not differ
between the groups. The success rate for placing inside
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INTRODUCTION
Biliary strictures develop in approximately 30% of patients after living donor liver transplantation (LDLT) and
50%-70% of biliary strictures can be treated by endoscopic retrograde cholangiopancreatography (ERCP)[1,2].
However, percutaneous transhepatic biliary drainage
(PTBD) is recommended for patients in whom ERCP
has failed[3]. Because of complications associated with the
use of PTBD catheters such as pain, leakage, or infection,
replacing PTBD catheters with inside stents by ERCP is
required in many patients with PTBD catheters. When an
angulated or twisted biliary stricture interrupts passage of
a guidewire over the stricture, it is difficult to replace the
PTBD catheter with inside stents by ERCP[1,4,5]. The rendezvous technique can be used to overcome this difficulty.
The rendezvous procedure combines the endoscopic
technique with percutaneous transhepatic cholangiography (PTC) to facilitate cannulation of the bile duct in
cases where previous endoscopic attempts have failed[6-9].
This combined technique increases the success rate of
biliary tract cannulation and facilitates the diagnosis and
treatment of biliary tract disorders[10-12]. We previously
reported that the rendezvous technique allows for successful placement of inside stents in angulated or twisted
biliary strictures after LDLT[13]. In the classic rendezvous
technique, a guidewire is used for an endoscopic approach to the bile duct. However, manipulation of the
guidewire is difficult and somewhat cumbersome, and
kinking or breakage of the guidewire can occur[14]. The
modified rendezvous technique involves pushing the
guidewire from the common bile duct into inside the lumen of an ERCP cannula outside the ampulla in the duodenum[14]. It is also often difficult to push the guidewire
inside the lumen of the ERCP cannula.
We attempted to resolve these problems by using a
Kumpe (KMP) catheter (5F, 40 cm, Cook, Bloomington,
IN, United States; Figure 1) instead of a guidewire. A
KMP catheter is short enough for easy manipulation and
also reduces the risk of contamination during the procedure. The end of a KMP catheter is slightly angulated
and turning the end is simple, which allows the KMP
catheter to approximate the ERCP cannula, end-to-end.
Herein, we evaluated the usefulness and safety of the new
modified rendezvous technique using a KMP catheter to
place inside stents into biliary strictures after LDLT and
compared it with the rendezvous technique performed
using a guidewire.

Figure 1 Kumpe catheter (5F, 40 cm).

angiography revealed that patients had biliary strictures
at the anastomotic site after LDLT. They had PTBD
catheters that were intended to be exchanged with inside
stents. The rendezvous procedure was performed, because their anastomotic strictures were too angulated or
twisted to place inside stents by ERCP. The rendezvous
technique was performed using a guidewire before 2010.
We invented the rendezvous technique using a KMP
catheter in 2010, and have subsequently performed it
ever since. No patient was treated using both techniques.
All patients undergoing the rendezvous technique were
consecutively enrolled. Patient anonymity was preserved
and the Institutional Review Board of Seoul St. Mary’s
Hospital approved the study (KC11RISI0845). This study
protocol was in complete compliance with the Declaration of Helsinki for medical research involving human
subjects, as revised in Seoul in 2008.
Guidewire technique
One or two PTBD catheters were passed over the stricture in all patients. After an overnight fast, patients were
sedated using midazolam and pethidine in the supine position. PTC was performed by injecting contrast medium
through the PTBD catheter (Figure 2A). A guidewire
(0.035 inch Jagwire; Boston Scientific, Natick, MA, United States) was introduced along the PTBD catheter until
it advanced over the major ampulla into the duodenum,
which was followed by removing the PTBD catheter
(Figure 2B). After the patients were moved into a prone
position, ERCP was performed using a video duodenoscope (ED-450XT5; Fujinon, Saitama City, Saitama,
Japan). The guidewire exited the papilla and was identified inside the duodenal lumen using a duodenoscope.
A minor sphincterotomy was performed alongside the
guidewire in cases where an endoscopic sphincterotomy
had not been performed. A bottle-top metal-tip ERCP
cannula (MTW Endoscopie, Wesel, Germany) was introduced through the accessory channel of the duodenoscope and placed in front of the end of the guidewire
(Figure 2C). The bottle-top metal-tip ERCP cannula and
the guidewire were manipulated cautiously to insert the
end of the guidewire into the ERCP cannula, which

MATERIALS AND METHODS
Patients
Between November 2006 and June 2011, patients undergoing the rendezvous technique performed using a KMP
catheter (n = 19) were compared retrospectively with
those undergoing the rendezvous technique performed
using a guidewire (n = 19) at a single institution. Abdominal computed tomography and magnetic resonance chol-
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Figure 2 Guidewire technique. A: The percutaneous transhepatic biliary drainage (PTBD) catheter was located over the anastomotic stricture into the duodenum.
The angle between the right hepatic duct and the common bile duct was steep (100°); B: The 0.035 inch guidewire was inserted through the PTBD catheter, and then
the PTBD catheter was removed; C: The end of the guidewire was placed outside the papilla; D: The guidewire was inserted through a bottle-top metal-tip endoscopic
retrograde cholangiopancreatography (ERCP) cannula, and then the ERCP cannula was advanced into the intrahepatic bile duct; E: Two inside stents were placed
over the stricture in the anterior and posterior branches of the right hepatic duct in the recipient liver.

minimized damage to the guidewire (Figure 2D). The
guidewire was pushed through the ERCP cannula and the
ERCP cannula was advanced along the percutaneously
inserted guidewire over the biliary stricture. Then, the
percutaneously inserted guidewire was progressively withdrawn while another endoscopically inserted guidewire
was pushed through the ERCP cannula. If the guidewire
was not pushed easily through the ERCP cannula, the
guidewire passing through the ampulla was captured by
a basket and then withdrawn through the endoscopic
working channel[15]. After pulling the guidewire was completely out of the scope, the soft or floppy end of the
guidewire was placed back into the ERCP cannula and
advanced into the biliary tree. When a remaining stricture
was suspected at the anastomotic site, balloon dilation of
the anastomotic strictures was performed using a balloon
catheter (6 or 8 mm in diameter; Hurricane RX; Boston
Scientific, Natick, MA, United States). The inside stents
were placed over the guidewire (Amsterdam-type biliary
stents; 7F-11.5 F in diameter, 10-16 cm in length; WilsonCook Medical Winston-Salem, NC, United States, or
Medi-Globe, Achenmuhle, Germany). The proximal side
of the stent was located to cover the stricture, and the
distal side of the stent passed 1-2 cm outside of the major papilla (Figure 2E). We intended to place the proximal
end of the inside stent in the bile duct, not in the liver
parenchyma, with assistance from fluoroscopic imaging.
If we needed to insert another inside stent over the stricture, another guidewire was inserted retrogradely over the
stricture site, and a second inside stent was placed along
the second guidewire (Figure 2E). In cases where two
guidewires had been inserted at different branches of the
bile ducts along two PTBD tracts during PTC, two inside
stents were placed along these guidewires.
The anastomotic angle between the common hepatic
duct of the recipient and the right hepatic duct of the
donor (confluence of the anterior and posterior branches) were measured. If a confluent duct was not obvious,
we chose the intrahepatic duct (IHD) in which the PTBD
catheter had been placed. After successful insertion of
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the stents, a follow-up ERCP was performed within 3-6
mo. During the follow-up ERCP, the stents placed previously were removed, and the degree of improvement in
biliary stricture and IHD or common bile duct (CBD)
stones was evaluated. Restenting was performed if the
stricture remained.
Kumpe catheter technique
The basic PTC and ERCP techniques were the same as
the guidewire technique. During PTC, a guidewire was
introduced along the PTBD catheter until it advanced
over the major ampulla into the duodenum, which was
followed by removal of the PTBD catheter. The KMP
catheter (5F, 40 cm) was placed along the guidewire, and
then the guidewire was removed (Figure 3A). In cases
where two PTBD catheters had been inserted at different branches of the bile ducts, two KMP catheters were
placed along two PTBD tracts. ERCP was performed
after the patients were moved into the prone position.
The KMP catheter was pulled back until the end of the
catheter was located near the major ampulla in the duodenum (Figure 3B, C). The KMP catheter was rotated to
approximate the short angulated tip of the KMP catheter
and the end of the ERCP cannula, and then the preloaded guidewire in the ERCP cannula was advanced through
the KMP catheter (Figure 3D, E). The KMP catheter was
pulled back proximal to the stricture for placement of inside stents. Inside stents were placed over the stricture by
endoscopy as described in the guidewire technique (Figure
3F). When additional information about the recipient’s
bile duct was required, a cholangiogram was performed
by injecting contrast via the KMP catheter. The KMP
catheter was removed after insertion of the inside stents.
Statistical analysis
Procedure time was defined as the time after positioning
the end of the duodenoscope in front of the major ampulla until placement of the inside stents. A Pearson’s χ 2
test or Fisher’s exact test was used to compare categorical
data and Student’s t-test or the Mann-Whitney U-test was
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A

B

C

D

E

F

Figure 3 Kumpe catheter technique. A: Two Kumpe (KMP) catheters were placed along the previous percutaneous transhepatic biliary drainage tracts; B, C: The
KMP catheters were located out of the major ampulla in the duodenum; D, E: The KMP catheter was pulled back and rotated to approximate the slightly angulated end
of the KMP catheter and the end of the endoscopic retrograde cholangiopancreatography (ERCP) cannula. Then, a preloaded guidewire in the ERCP cannula was
advanced through the KMP catheter; F: Two inside stents were placed over the stricture in the anterior and posterior branches of the right hepatic duct of the recipient
liver.

Rendezvous procedure outcomes
Inside stents were successfully placed in all patients. Thus,
the technical success rate in both groups was 100% (Table 1).
No patient was treated with the KMP catheter technique
after failure of the guidewire technique. In the guidewire
group, the guidewire was pushed through the ERCP cannula and the ERCP cannula was advanced along the percutaneously inserted guidewire over the biliary stricture
in 12 patients. In the remaining seven patients, the guidewire passing through the ampulla was captured by a basket and then withdrawn through the endoscopic working
channel. IHD or CBD stones were identified in two patients in the KMP catheter group, and the stones were removed during the procedure. Dilation of the anastomotic
stricture was performed in four patients in the guidewire
group because of a tight stricture. We used the ERCP
cannula preloaded with a guidewire in the KMP catheter
group, and thus, it was not necessary to pull the guidewire back and reinsert it. It was easier to manipulate the
KMP catheter than a guidewire. The procedure time was
significantly shorter in the KMP group than in the guidewire group; the mean procedure time was 1012 s vs 2037
s, respectively (P = 0.022). In the cumulative probability
curve corresponding to procedure time, the probability
curves of the two rendezvous groups differed significantly according to the log rank test (P = 0.008, Figure 4),
suggesting that the use of a KMP catheter was associated
with a significantly shorter procedure time. Serum levels

used for comparisons of continuous data to analyze differences between the groups. The cumulative probability
curves corresponding to the procedure time for each
rendezvous technique were determined using the KaplanMeier method, and these were compared using the log
rank test. A multivariate analysis was performed with the
significant factors identified from the univariate analysis
using the Cox proportional hazard regression model (forward: conditional method). Odds ratios and 95% confidence intervals were calculated. Statistical analyses were
performed with SPSS software, version 14 (SPSS, Inc.,
Chicago, IL, United States). P-values < 0.05 were considered significant.

RESULTS
Patients
The baseline characteristics of the patients are described
in Table 1. No significant differences were observed between the guidewire and KMP catheter groups. The mean
duration between LDLT and the rendezvous procedure
was 388 d (range: 31-2116 d), and the mean duration
between PTBD and the rendezvous procedure was 154
d (range: 4-1526 d). Twenty-seven patients received one
PTBD catheter, and 11 patients received two PTBD
catheters. Laboratory findings showed normal or mildly
elevated serum liver function tests, but no evidence of ch
olangitis.
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Post-laboratory findings4, mean (SD)
White blood cell (× 109/L)
Total bilirubin (mg/dL)
Alanine aminotransaminase (IU/L)
Alkaline phosphatase (IU/L)
γ-glutamyl transferase (IU/L)
Amylase (U/L)
Complications
Acute cholangitis
Hyperamylasemia
Acute pancreatitis
Migration of stents

Guidewire
group
(n = 19)

P -value
KMP
catheter
group
(n = 19)

51.3 (9.3)
13 (68)

52.5 (10.2) 0.619
15 (79)
0.714
0.524
8 (42)
6
1
1
6 (32)
5
1
5 (26)
2
3
0
438 (516) 0.704

5 (26)
2
2
1
9 (47)
9
0
5 (26)
1
3
1
338 (197)

80
100-cumulative ratio (%)

Mean age, yr (SD)
Male sex (%)
Pretransplantation liver disease (%)
End-stage liver cirrhosis
Hepatitis B
Hepatitis B and alcohol
Cryptogenic
Hepatocellular carcinoma
Hepatitis B
Hepatitis C
Fulminant hepatitis
Hepatitis A
Hepatitis B
Unknown origin
Mean duration between LDLT and
rendezvous procedure, d (SD)
Mean duration between PTBD and
rendezvous procedure, d (SD)
Mean anastomotic angle1, ° (SD)
Mean no. of PTBD catheters, (SD)
Mean diameter of PTBD catheter, F
(SD)
Pre-laboratory findings2, mean (SD)
WBC (× 109/L)
Total bilirubin (mg/dL)
Alanine aminotransaminase (IU/L)
Alkaline phosphatase (IU/L)
γ-glutamyl transferase (IU/L)
Rendezvous success rate (%)
No. of stents inserted, mean (SD)
Inside stent diameter (F), mean (SD)
CBD or IHD stones (%)
Stricture dilation (%)
Mean procedure time3, s (range)

60
40

P = 0.008 (log rank)

20
0
0

17

33
50
67
83
Procedure time (min)

100

117

Figure 4 Cumulative probability of rendezvous procedures corresponding
to procedure time. Kumpe catheter group vs guidewire group.

91 (52)

217 (351)

0.511

Table 2 Univariate analysis of factors related to procedure
time

118 (15)
1.4 (0.5)
10.7 (2.8)

125 (17)
1.2 (0.4)
9.1 (2.2)

0.148
0.517
0.365

Factors

n

Rendezvous
Guidewire
Technique
KMP catheter
IHD or CBD
Present
Stone
Absent
No. of inside stents
One
Two
Operator
Lee IS
Chang JH
Balloon dilation
Yes
of the stricture
No
Age
< 60
> 60
Procedure
First half2
Familiarity1
Second half

19
19
2
36
19
19
31
7
4
34
29
9
15
16

4.61 (1.80) 4.87 (1.98) 0.569
1.37 (0.90) 1.60 (1.51) 0.988
60.6 (41.6) 90.2 (128) 0.748
332 (173) 289 (175) 0.649
248 (179) 278 (203) 0.800
19 (100)
19 (100) 1.000
1.5 (0.5)
1.5 (0.5) 0.749
10.4 (2.7)
9.8 (0.7) 0.308
0 (0)
2 (11)
0.152
4 (21)
0 (0)
0.037
2037
1012
0.022
(251-6758) (301-2006)
5.19 (1.88) 6.18 (2.34) 0.215
2.15 (1.61) 2.11 (1.51) 0.942
85.1 (67.3) 115 (136) 0.953
341 (167) 312 (198) 0.419
279 (189) 368 (319) 0.531
284 (585) 207 (241) 0.737
0.740
1
0
5
6
1
2
1
0

Procedure time, s,
mean (range)
2037 (251-6758)
1012 (301-2006)
1517 (1202-1831)
1525 (251-6758)
1198 (251-5144)
1851 (666-6758)
1292 (251-6758)
2555 (735-5144)
2568 (2189-2895)
1402 (251-6758)
1571 (251-6758)
1373 (301-2895)
1009 (368-1934)
1557 (251-6758)

P -value
0.022
0.513
0.04
0.024
0.008
0.904
0.635

1

Performed by Lee IS; 2The rendezvous procedures were performed for
the first half of each rendezvous group. KMP: Kumpe; CBD: Common bile
duct; IHD: Intrahepatic duct.

balloon dilation of the stricture were significant factors
related to procedure time. The procedure times did not
differ between the first and second half in each rendezvous group.
Four significant factors in univariate analysis were
evaluated for multivariate analysis. The number of inserted stents, operator, and balloon dilatation of the biliary stricture were not significant in the Cox proportional
hazard regression model (P > 0.05). The rendezvous
technique method was the only significant factor related
to procedure time (P = 0.010, odds ratio 2.663, 95%CI
1.258-5.637, Table 3). Therefore, the rendezvous technique was an independent factor related to procedure
time.

1

Between the right hepatic duct of the donor and the common bile duct
of the recipient; 2One day before the rendezvous technique; 3Time after
positioning the end of the duodenoscope in front of the major ampulla
until placement of the inside stents; 4One day after the rendezvous
procedure. LDLT: Living donor liver transplantation; PTBD: Percutaneous
transhepatic biliary drainage; KMP: Kumpe; CBD: Common bile duct;
IHD: Intrahepatic duct.

of liver enzymes were slightly elevated after the rendezvous procedure, but this was not clinically significant, and
no differences were observed between the groups.
The factors related to procedure time were analyzed
(Table 2). The method used for the rendezvous technique, the number of inside stents, the operator, and
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100

Table 1 Patient characteristics and procedural outcomes

Complications and follow-up after the rendezvous
procedure
Acute complications occurred in two patients after rendezvous procedures (10.5%) in each group. In the guide-
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though maintaining a PTBD catheter for a long period is
beneficial for treating biliary strictures[18-20], it may be difficult for patients due to the development of PTBD catheter-related complications, such as leakage, pain, infection, and accidental removal of the PTBD catheter[21,22].
The discomfort caused by carrying a PTBD catheter also
reduces the patient’s quality of life and disturbs his or
her daily routine. Hence, replacing PTBD catheters with
inside stents is recommended. However, stenting using
ERCP in patients with angulated or twisted biliary strictures is difficult and sometimes fails. Our previous study
showed that the rendezvous technique is a useful alternative method for successful placement of inside stents in
these patients[13]. A few cases of biliary complication after
liver transplantation have supported the usefulness of the
rendezvous technique for biliary strictures and stones or
biliary leakage from bile duct anastomosis[23-25].
Although the rendezvous technique is useful and
facilitates cannulation of the bile duct in cases where
previous endoscopic attempts have failed[6-9], there were
some drawbacks to the conventional version of the rendezvous technique. In the classic rendezvous technique,
grasping the guidewire outside of the ampulla with a
forcep or snare is occasionally difficult due to its slippery surface. Kinking or breakage of the guidewire can
also occur while grabbing and pulling guidewires through
the accessory channel of the duodenoscope. A long
guidewire outside the skin of the PTBD tract is difficult
to manipulate and increases the risk of contamination.
Additionally, it is inconvenient to pull the guidewire back
and place the soft or floppy end of the wire back into the
ERCP cannula, and then advance it into the biliary tree to
reduce liver damage from the stiff end of the guidewire.
To reduce these shortcomings, a modified rendezvous
technique was introduced so that the end of the guidewire is pushed inside the lumen of an ERCP cannula
and the ERCP cannula is advanced along the wire into
the CBD[14]. However, this technique also has its disadvantage. The guidewire is not easily pushed inside the
ERCP cannula lumen, and this procedure is frequently
time-consuming. A parallel cannulation technique using
a sphincterotome in a retrograde fashion, alongside a
biliary drainage catheter, can be useful for selective CBD
cannulation[26]. However, parallel cannulation is not suitable for selective IHD cannulation.
A KMP catheter is useful for overcoming these drawbacks. The KMP catheter was introduced as a vascular
catheter and has been widely used in the interventional
radiology. A KMP catheter is as short as 40 cm, so the
portion outside the skin from the PTBD tract is short
enough for easy manipulation including to-and-fro motion and turning, which are used to move the curved
distal end of the KMP catheter up-and-down and rightto-left and reduces the risk of contamination. Because
the end of a KMP catheter is slightly angulated and turning the end is simple, end-to-end contact between the
ends of an ERCP cannula and a KMP catheter is easy to
achieve without the use of a sphincterotome. It is pos-

Table 3 Multivariate analysis of factors related to procedure
time
Factors
Rendezvous technique
(guidewire vs rendezvous)
No. of inside stents (1 vs 2)
Operator (Lee IS vs Chang JH)
Balloon dilation (yes vs no)

P -value

Odds ratio (95%CI)

0.010

2.663 (1.258-5.637)

0.067
0.195
0.289

CI: Confidence interval.

wire group, one case of acute cholangitis and one mild
case of acute pancreatitis developed after the procedures.
Acute cholangitis with fever and epigastric pain occurred
due to the migration of an inside stent proximally, resulting in obstruction of the distal end of the stent. We
removed the original inside stent and put a new one in its
place. The patient ultimately recovered. The patient with
acute pancreatitis had the longest procedure time in the
guidewire group (112 min) and a sustained elevation into
total serum bilirubin for 4 d after the procedure. During the procedure, guidewire manipulation was difficult
because the two guidewires were tangled. Two mild cases
of acute pancreatitis developed after the procedure in the
KMP catheter group. Peak serum amylase levels were 873
U/L and 847 U/L, respectively. Their abdominal pain
lasted for 2 d.
We followed the patients in the guidewire and KMP
catheter groups for average of 40 mo (range: 12-57
mo) and 8 mo (range: 2-14 mo), respectively. Inside
stents were exchanged a mean of 0.8 times (range: 0-4
times) until they were free of biliary stricture. Finally,
19 patients reached stent-free status (seven in the KMP
catheter group and 12 in the guidewire group), and 14
patients (nine in the KMP catheter group and five in the
guidewire group) still had inside stents. Four patients had
plastic inside stents that had been replaced with covered
metal stents to treat a biliary stricture. The attempt to
change an inside stent by ERCP failed in one patient, and
the patient required to undergo PTBD again. IHD or
CBD stones developed in seven patients and a biliary cast
developed in one patient; these were removed by ERCP.
Two patients died during follow-up. One patient in the
guidewire group died from recurrent hepatocellular carcinoma 14 mo after the rendezvous procedure, and another
patient in the KMP catheter group died from a hepatic
artery occlusion and hepatic failure 12 mo later.

DISCUSSION
The present study demonstrated that the rendezvous te
chnique using a KMP catheter is easy, fast, and safe when
used to place inside stents for a biliary stricture after
LDLT and represents a viable alternative to the rendezvous technique performed using a guidewire. No significant complications were observed.
Patients in whom ERCP stent placement failed nee
ded to undergo PTBD or surgical treatment[3,16,17]. Al-
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sible to insert a preloaded guidewire within the ERCP
cannula into the KMP catheter retrogradely. Therefore, it
is unnecessary to pull the guidewire back out of the duodenoscope and to reinsert the soft or floppy end of the
wire first. When ERCP is delayed after placing a KMP
catheter, the KMP catheter can be kept in place for a
few hours until ERCP is performed, and it is impossible
when using the guidewire technique. Even if two KMP
catheters are placed along two previous PTBD tracts, the
degree of discomfort is reduced due to the thin caliber
of the KMP catheter, and two KMP catheters are not
likely to tangle, in contrast to guidewires. Additionally, a
cholangiogram can be performed by injecting contrast
via the KMP catheter during ERCP, which provides additional information about the recipient’s bile duct. If the
rendezvous procedure fails, reinserting a PTBD catheter
is easy when a KMP catheter is in place. Recently a case
report on the rendezvous technique with a C2 catheter
which is similar to a KMP catheter, was introduced in a
patient with gallbladder carcinoma and a metastatic right
intrahepatic bile duct obstruction[27].
Because this study was retrospective and not randomized, there were some limitations. First, the time to
perform the procedures differed between the two groups.
The guidewire group procedures preceded those of the
KMP catheter group. It is possible that our familiarity
with each of the rendezvous procedures differed somewhat. However, the procedure times in chronological order in each rendezvous group did not differ significantly;
moreover, those of the first and second half in each
group were not different in the factor analysis. Second,
we performed an analysis of the factors related to procedure time, but other factors affecting procedure time
that were not analyzed in our study may have played a
role. For example, the severity and condition of stricture
differed somewhat among the patients. However, we supposed that these factors were minor and not significantly
related to procedure time. The rendezvous technique
itself can overcome the state of the stricture in difficult
situation. Third, although we connected the 5F KMP
catheter with the tip of the ERCP cannula by a guidewire without great difficulty, the wider diameter of the
catheter might make it easier to connect the catheter and
ERCP cannula. If a straight catheter is used, a sphincterotome will facilitate the insertion of a guidewire through
the catheter.
In conclusion, the rendezvous technique performed
with a KMP catheter is a fast and safe method for placing inside stents in biliary strictures in LDLT patients
who need to exchange the PTBD catheter for inside
stents and represents a viable alternative to the guidewire
technique. The KMP catheter rendezvous technique is
recommended for LDLT patients who have angulated or
twisted anastomotic biliary strictures. We expect further
comparative prospective studies with a larger cohort of
patients to demonstrate the benefits of the KMP catheter
technique in the future.
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COMMENTS
COMMENTS
Background

The rendezvous technique allows for the successful placement of inside stents
in angulated or twisted biliary strictures after liver transplantation. In the classic rendezvous technique, a guidewire is used for the endoscopic approach to
the bile duct. However, manipulation of the guidewire is difficult and somewhat
cumbersome, and kinking or breakage of the guidewire can occur.

Research frontiers

A Kumpe (KMP) catheter (5F, 40 cm) is useful for overcoming the drawbacks
associated with the classic rendezvous technique. The KMP catheter is short
enough for easy manipulation and it also reduces the risk of contamination during the procedure.

Innovations and breakthroughs

Because the end of a KMP catheter is shortly angulated and turning the end is
simple, end-to-end contact between the ends of an endoscopic retrograde cholangiopancreatography (ERCP) cannula and a KMP catheter is easily achieved
even without the use of a sphincterotome. It is possible to insert a preloaded
guidewire within the ERCP cannula into the KMP catheter in retrograde fashion.
The rendezvous technique involving use of the KMP catheter was a fast and
safe method for placing inside stents in living donor liver transplantation (LDLT)
biliary strictures and represents a viable alternative to use of the guidewire rendezvous technique.

Applications

The KMP catheter rendezvous technique is recommended for LDLT patients
who have angulated or twisted anastomotic biliary strictures.

Peer review

The authors demonstrated the usefulness of a new rendezvous technique for
placing stents using a KMP catheter in angulated or twisted biliary strictures.
The results are interesting and suggest that rendezvous technique involving
use of the KMP catheter was a fast and safe method for placing inside stents
in patients with LDLT biliary stricture that represents a viable alternative to the
guidewire rendezvous technique.
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RESULTS: TRAP-1 was significantly upregulated in
LNM CRC compared with non-LNM CRC, which was
confirmed by RT-PCR, Western blotting and immunohistochemical assay. The expression of TRAP-1 in two
different metastatic potential human colorectal cancer
cell lines, LoVo and HT29, was analyzed with Western
blotting. The expression level of TRAP-1 was dramatically higher in LoVo than in HT29. Overexpression of
TRAP-1 was significantly associated with LNM (90.2%
in LNM group vs 22% in non-LNM group, P < 0.001),
the advanced tumor node metastasis stage (89.1% in
LNM group vs 26.9% in non-LNM group, P < 0.001),
the increased 5-year recurrence rate (82.7% in LNM
group vs 22.6% in non-LNM group, P < 0.001) and the
decreased 5-year overall survival rate (48.4% in LNM vs
83.2% in non-LNM group, P < 0.001). Univariate and
multivariate analyses indicated that TRAP-1 expression
was an independent prognostic factor for recurrence
and survival of CRC patients (Hazard ratio of 2.445 in
recurrence, P = 0.017; 2.867 in survival, P = 0.028).

Abstract

CONCLUSION: Mitochondria TRAP-1 affects the lymph
node metastasis in CRC, and may be a potential biomarker for LNM and a prognostic factor in CRC. Overexpression of TRAP-1 is a predictive factor for the poor
outcome of colorectal cancer patients.

AIM: To evaluate the effect of mitochondrial tumor necrosis factor receptor-associated protein-1 (TRAP-1) on
the lymph node metastasis (LNM) in Chinese colorectal
cancer (CRC) patients, and develop potential LNMassociated biomarkers for CRC using quantitative realtime polymerase chain reaction (RT-PCR) analysis.

© 2012 Baishideng. All rights reserved.

Key words: Colorectal cancer; Lymph node metastasis;
Prognosis; Quantitative real-time polymerase chain
reaction analysis; Hsp90 family; Mitochondria tumor
necrosis factor receptor-associated protein-1

METHODS: Differences in mitochondrial TRAP-1 gene
expression between primary CRC with LNM (LNM CRC)
and without LNM (non-LNM CRC) were assessed in 96
Chinese colorectal carcinoma samples using quantitative RT-PCR analysis, Western blotting, and confirmed
with immunohistochemical assay. The relationship
between clinicopathological parameters and potential
diagnostic biomarkers was also examined.
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a modest anticancer activity that was inconsistent with a
predicted essential role of Hsp90 in tumor maintenance,
paradoxical activation of oncogenic kinases, induction of
anti-apoptotic mechanisms, and increased metastatic dis
semination[16].
Accordingly, Hsp90 and its ortholog, and tumor ne
crosis factor receptor-associated protein-1 (TRAP-1) are
abundantly localized to the mitochondria of tumor, but
not present in most of the normal cells. Mitochondria
play a critical role in cell survival and cell death[17]. Con
sistent with a general role of Hsp90 as a drug target in
colorectal cancer, the mitochondria-compartmentalized
cytoprotective pathway could provide a novel therapeutic
target to enhance tumor cell apoptosis[13].
TRAP-1 associated with cancer has been reported
recently in several studies, especially in metastasis of
cancer cells[18-20], but there were a limited number of
studies on the association of TRAP-1 with metastasis in
Chinese CRC patients. In this study, we employed quan
titative real-time polymerase chain reaction (RT-PCR) to
analyze the expression of mitochondrial TRAP-1 in the
groups of LNM CRC and non-LNM CRC. We studied
the correlation between expression of TRAP-1 in LNM
CRC and non-LNM CRC with quantitative RT-PCR and
Western blotting. Confirmed with immunohistochemi
cal (IHC) study, we also investigated the relationship
between TRAP-1 expression and lymph node metastatic
phenotype of CRC, and determined the prognostic value
on the metastasis in Chinese CRC cases.

colorectal cancer. World J Gastroenterol 2012; 18(41): 5965-5971
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i41/5965.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i41.5965

INTRODUCTION
Invasion into adjacent tissues and metastasis to distant
sites are major features of malignant cancer cells, which
are complex processes that require a coordinated action
of a large assortment of growth factors and their recep
tors, as well as downstream signaling intermediates[1].
Colorectal cancer (CRC) is the third most common can
cer in both men and women and the second most com
mon cause of cancer-related death[2]. CRC frequently
migrates through the lymphatic route, depositing tumor
cells into local lymph nodes, namely lymph node metas
tasis (LNM). The status of the local lymph nodes delivers
crucial information concerning cancer staging, prognosis,
and clinical decision making. The existence of LNM no
tably reduces the chance of CRC survivals[3].
Unfortunately, the mechanisms related to LNM re
main poorly understood at present because LNM is a
complicated process that involves cancer cell detachment
from the primary tumor, migration, invasion, adhesion
and implantation in the new environment. A variety of
dysregulated molecules play a significant role in this high
ly sophisticated process[4,5]. Therefore, LNM has become
a focus of cancer studies.
Clinicopathological features such as poor differentia
tion, depth of wall penetration, lymphovascular invasion,
and tumor size are considered to be associated with CRC
with LNM (LNM CRC)[6,7].
Proper staging is important for choosing the right
treatment for a patient: the most useful staging system is
the tumor node metastasis (TNM) system established col
laboratively by the American Joint Committee on Cancer
and the International Union for Cancer Control[8].
However, these characteristics are still insufficient to
predict the existence of LNM. In order to improve the
diagnosis and prognosis of CRC, there is an urgent need
to identify specific tumor molecular markers to recognize
patients with LNM, which can define a subset of CRC
patients who could benefit from rational management.
Heat shock protein 90 (Hsp90) is an abundant mo
lecular chaperone that is further overexpressed or acti
vated in cancer cells, suggesting that it could be a crucial
regulator of growth and/or survival of tumor cells[9,10].
Recent data have shown that Hsp90 family may function
as novel regulators of mitochondrial permeability transi
tion, especially in tumor cells[11-13]. Inhibitors of Hsp90
have been studied for the treatment of cancer, and a
small molecule Hsp90 antagonist derived from geldana
mycin (GA), i.e., 17-allylamino-demethoxygeldanamycin
(17-AAG), has entered clinical testing in cancer patients,
but progress has been questionable, and the response to
this agent proved difficult to interpret[14,15]. This reflected

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patient population and characteristics of tissue samples
A total of 96 Chinese colorectal carcinoma samples were
collected in our hospital (Fudan University Shanghai
Cancer Center, Shanghai, China) after informed consent
was obtained from the patients. None of the patients
received chemotherapy or radiotherapy before surgery.
Resected specimens were reviewed by two senior pathol
ogists according to the criteria described in the American
Joint Committee on Cancer: Cancer Staging Manual (7th
edition, 2009)[8]. The number of lymph nodes retrieved
was not less than 12 in the non-LNM CRC. None of
them had distant metastasis. The fresh colorectal tumor
tissues were obtained immediately after surgery, washed
twice with chilled phosphate buffered saline, immediately
stored in liquid nitrogen at -80  ℃ in our tissue bank until
further use. This study was approved by the Cancer Cen
ter Research Ethics Committee of Fudan University.
Cell lines and culture
For detection of the expression of TRAP-1 in different
metastatic potential human colorectal cancer cells, we
chose two human colorectal cancer cell lines, LoVo and
HT29 in the experiment, to make sure if the TRAP-1
expressed differently in different metastatic potential hu
man colorectal cancer cell lines. The cell line HT29 was
cultured in McCoy 5a medium containing 5% fetal bovine
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Figure 1 Confirmation of the overexpression of tumor necrosis factor receptor-associated protein-1 in colorectal cancer. A: Western blotting analysis for
tumor necrosis factor receptor-associated protein-1 (TRAP-1) expression in different metastatic potential LoVo cell and HT29 cell. β-actin was used as the internal
loading control. The histogram shows the relative expression levels of TRAP-1 in LoVo and HT29 cell; B: Western blotting analysis for TRAP-1 expression in nonlymph node metastasis (LNM) and LNM groups. Data represent the mean ± SE (P < 0.001, Student t test); C, D: mRNA level of TRAP-1 via quantitative real-time
polymerase chain reaction. TRAP-1 was consistently increased in the LNM group compared with non-LNM group. The mRNA level was normalized to that of β-actin.
Data represent the mean ± SE (P < 0.001, Student t test); E: Immunohistochemical labeling for the TRAP-1 in the CRC sample. TRAP-1 was identified in non-LNM
cancer tissues (weak in middle) and strong staining in LNM cancer group (right), but was rare in normal mucosa (left).

Ct method[21]. TRAP-1 expression levels were measured
in triplicate, with a good reproducibility, and the average
was calculated.
β-actin was applied as an internal control. The prim
ers for β-actin (205 bp) were 5’-TGACGTGGACATCC
GCAAAG-3’ (sense) and 5’-CTGGAAGGTGGAC
AGCGAGG-3’ (antisense). The primers for TRAP-1 (185
bp) were 5’-ATGGTGG CTGACAGAGTGGAGG-3’
(sense) and 5’-GCAGTCGGATTTCAGGTGGA TG-3’
(antisense).

serum (FBS). LoVo cells were cultured in F-12K medium
containing 10% FBS. All the cell lines were maintained at
37˚C in 95% air and 5% CO2.
RNA isolation and reverse transcription
Total RNA was isolated from the human tissue or cul
tured colon cancer cell lines using the TRizol according to
manufacturer’s instructions (Invitrogen). After the RNA
concentration measurement and the integrity of the iso
lated RNA analysis, 1 μg of RNA was reverse-transcribed
into cDNA according to the manufacturer’s protocol
(Promega).

Western blotting
Briefly, 30-μg protein samples from each case were sepa
rated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and subsequently transferred to polyvi
nylidene fluoride membranes. The membranes were in
cubated with rabbit polyclonal antibody against TRAP-1
(1:1000 dilution; Abcam, Cambridge, United Kingdom)
and then incubated with a horseradish-peroxidase-con
jugated secondary antibody (1:100 dilution; Proteintech,

Quantitative RT-PCR
Quantitative RT-PCR was analyzed using SYBR Green
Supermix (Promega). For PCR, 10 ng of the RT reac
tion was used for a 25-μL reaction using the ABI Prism
7700 sequence detector system (Applied Biosystems,
Branchburg, NJ, United States). Target genes were nor
malized to β-actin and quantified using the comparative
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Table 1 Relationship between tumor necrosis factor receptorassociated protein-1 expression and clinicopathological factors
in colorectal cancer

Ⅰ-Ⅱ
Ⅲ-Ⅳ

Tumor status2
T1-2
T3-4
Lymph node metastasis2
N0
N1-2
TNM stage2
Ⅰ-Ⅱ
Ⅲ-Ⅳ
1

TRAP-1 expression

P value1

Negative

Positive

46
50

16
23

30
30

0.225

66
30

30
10

36
20

0.486

70
26

30
11

40
15

0.065

31
65

11
32

20
33

0.915

80
16

45
6

35
10

0.212

34
62

14
31

20
31

0.512

45
51

35
5

10
46

< 0.001

41
55

30
6

11
49

< 0.001

0.10

TRAP-1 negative group

0.05

0.00
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Time after surgery (mo)
1.0
TRAP-1 negative group
0.8

0.6

TRAP-1 positive group

0.4

0.2

P < 0.001

0.0

Statistical analysis was performed with χ test; 2Grading of differentiation
status and tumor node metastasis (TNM) classification for colorectal
cancer were based on the American Joint Committee on Cancer: Cancer
Staging Manual (7th edition, 2009). The tumors were classified into two
groups: Well differentiated (grades Ⅰ and Ⅱ) and poorly differentiated
(grades Ⅲ and Ⅳ).
2

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
Time after surgery (mo)

Figure 2 Overexpression of tumor necrosis factor receptor-associated
protein-1 correlated with poor prognosis in 96 colorectal cancer patients.
A: Cumulative recurrence; B: Cumulative survival. The tumor necrosis factor
receptor-associated protein-1 (TRAP-1)-positive vs TRAP-1-negative groups (P
< 0.001, log-rank test).

Chicago, IL, United States). β-actin was detected simulta
neously as a loading control (anti-β-actin, 1:1000 dilution;
Kangchen, Beijing, China). All blots were visualized using
an ECL detection system (Amersham, Arlington Heights,
IL, United States) and quantitated by densitometry using
an LAS-3000 imager.

case was considered negative if the final score was 0 or 1
(-) or 2 or 3 (±), and positive if the score was 4 or 5 (+)
or 6 or 7 (++). In most cases, the two reviewers provided
consistent results. Any inconsistencies were resolved
through discussion to achieve a consensus score.

Immunohistochemistry
TRAP-1 expression was examined immunohistochemi
cally using paraffin-embedded tissues. In brief, 4-μmthick tissue sections were heated in 6.5 mmol/L citrate
buffer (pH 6.0) at 100  ℃ for 28 min, and incubated with
antibody against TRAP-1 (1:200 dilution). Immunostain
ing was performed using the DAKO EnVision System
(Dako Diagnostics, Zug, Switzerland). In the negative
control group, PBS was used instead of primary anti
body. TRAP-1 expression was scored by two indepen
dent experienced pathologists. Each sample was graded
according to the intensity and extent of staining. The
intensity of staining was scored as 0 (no staining), 1 (weak
staining), and 2 (strong staining). The extent of staining
was based on the percentage of positive tumor cells: 0 (no
staining), 1 (1%-25%), 2 (26%-50%), 3 (51%-75%), and 4
(76%-100%). The final score was assessed by summariz
ing the results of intensity and extent of staining. The
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TRAP-1 positive group

0.15
Cumulative recurrence

Sex
Male
Female
Age (yr)
≤ 60
> 60
Tumor size (cm)
≤5
>5
Tumor location
Colon
Rectum
Tumor differentiation2

n

Cumulative survival

Clinicopathological factors

P < 0.001

Statistical analysis
The Student t test was used to evaluate the differences in
TRAP-1 expression between LNM CRC and non-LNM
CRC. The χ 2 test was used to assess the relationship
between TRAP-1 expression and clinicopathological fac
tors. The cumulative recurrence and survival probability
were estimated using the Kaplan-Meier method, and dif
ferences were calculated by log-rank test. Prognostic fac
tors were determined using Cox regression analysis. The
recurrence-free and overall survival duration were cal
culated from the first resection of the primary tumor to
first evidence of recurrence or to death from any cause,
respectively. The diagnosis of recurrence was based on
the typical features presented on computed tomography/
magnetic resonance imaging and elevated serum carcino
embryonic antigen. All P values were two-sided, and P <
0.05 was considered to be significant. Statistical analyses
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Table 2 Univariate and multivariate analyses of recurrence and survival (Cox regression)
Variables

Recurrence

Univariate analysis
Sex
Male/female
Age (yr)
≤ 60/> 60
Tumor size (cm)
≤ 5/> 5
Tumor location
Colon/rectum
Tumor differentiation
Ⅰ-Ⅱ/Ⅲ-Ⅳ
Tumor status
T1-2/T3-4
Lymph node metastasis
N0/N1-2
TNM stage
Ⅰ-Ⅱ/Ⅲ-Ⅳ
TRAP-1 expression
Negative/positive
Multivariate analysis
LNM
N0/N1-2
TNM stage
Ⅰ-Ⅱ/Ⅲ-Ⅳ
TRAP-1 expression
Negative/positive

Survival

HR (95%CI)

P value

HR (95%CI)

P value

0.813 (0.479-1.518)

0.604

0.829 (0.424-1.618)

0.662

1.506 (0.804-2.712)

0.163

1.822 (0.947-3.528)

0.065

0.876 (0.163-0.665)

0.687

0.880 (0.438-1.723)

0.704

0.812 (0.445-1.423)

0.518

0.904 (0.476-1.734)

0.778

1.212 (0.654-2.308)

0.501

1.151 (0.576-2.358)

0.65

0.866 (0.475-1.618)

0.687

1.020 (0.504-2.028)

0.904

2.707 (1.502-4.912)

0.001

2.812 (1.413-5.509)

0.002

3.554 (1.932-6.526)

< 0.001

3.385 (1.677-6.843)

< 0.001

3.657 (1.919-6.957)

< 0.001

4.145 (1.913-8.712)

< 0.001

0.210 (0.051-0.758)

0.018

0.196 (0.041-0.852)

0.028

8.905 (2.072-38.190)

0.003

9.037 (1.703-48.105)

0.010

2.445 (1.065-5.712)

0.017

2.867 (1.113-7.36)

0.028

HR: Hazard ratio; CI: Confidence interval; LNM: Lymph node metastasis; TNM: Tumor node metastasis; TRAP-1: Tumor necrosis factor receptor-associated
protein-1.

Association between TRAP-1 expression and
clinicopathological features and postoperative
prognosis of CRC patients
To detect the relationship between TRAP-1 expression
and clinicopathological features and whether TRAP-1
could be a prognostic factor in predicting clinical out
comes of CRC patients, we evaluated TRAP-1 expression
with the same samples. In the LNM CRC samples, 87%
were positive for TRAP-1 expression, whereas 10.2% of
the non-LNM CRC samples had positive expression.
Statistical analysis revealed that positive expression
of TRAP-1 was significantly associated with LNM, and
advanced TNM stage (P < 0.001). However, no sig
nificant correlations were observed between TRAP-1
expression and other clinicopathological parameters of
sex, age, tumor size, tumor differentiation and tumor lo
cation (Table 1).
Furthermore, we found that patients with TRAP1-positive CRC had significantly poorer prognosis than
those with TRAP-1-negative CRC. The 5-year cumula
tive recurrence rate was significantly higher in patients
with TRAP-1-positive CRC than in the TRAP-1-negative
group (P < 0.001, Figure 2A). The 5-year cumulative
survival rate in patients with TRAP-1-positive CRC was
much lower than in those with TRAP-1-negative CRC
(P < 0.001, Figure 2B). Univariate analyses revealed that
LNM, TNM stage and TRAP-1 expression were associ

were performed using SPSS 13.0 software.

RESULTS
TRAP-1 expression in CRC specimens and different
metastatic potentials of two human colorectal cancer cell
lines, LoVo and HT29, were determined by Western blot
ting and quantitative RT-PCR. The expression of TRAP-1
in LoVo cells and HT29 cells was analyzed with Western
blotting. The expression level of TRAP-1 was dramati
cally higher in LoVo than in HT29 cells. Representative
Western blotting results are presented in Figure 1A.
Quantitative RT-PCR and Western blotting were used
to analyze the TRAP-1 expression in different groups of
CRC. Relative gene and protein expression quantifica
tions were calculated by the comparative Ct method using
β-actin as an endogenous control. The results revealed
that TRAP-1 mRNA and protein levels were higher in
LNM CRC than in non-LNM CRC (P < 0.001, Figure
1B and C, D), which is consistent with the results by the
Western blotting.
Immunohistochemistry was applied to confirm the
upregulation of TRAP-1 in different groups (Figure 1E).
In non-LNM CRC, there was weak staining in cancer
cells compared to the strong staining in both primary
and matched metastatic lymph node cancer cells in LNM
CRC samples.
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of TRAP-1 expression.
In conclusion, the present study provided evidences
in the association between differently expressed TRAP-1
and LNM in CRC based on a quantitative mRNA expres
sion analysis. TRAP-1 was identified and confirmed to be
significantly overexpressed in LNM CRC. Further evalu
ation by Western blotting and IHC assay using the same
sample sets suggested that TRAP-1 acts as a potential
biomarker for LNM and prognosis in CRC.
Most epithelial malignancies, including colorectal
cancer exhibit a higher anti-apoptotic threshold, which
contributes to disease progression[29-31]. However, many
questions remain to be answered[32-34] with respect to the
cellular function of TRAP-1 and how it exerts its influ
ence on metastatic progression, and the molecular basis
for the different localization of Hsp90 and TRAP-1 to
the tumor vs normal mitochondria awaits further studies.

ated with recurrence and overall survival. In multivariate
analysis, LNM, TNM stage and TRAP-1 expression were
also independent prognostic factors for recurrence and
overall survival (P < 0.05, Table 2).

DISCUSSION
Metastasis remains one of the major challenges in man
agement of CRC patients. LNM is the most common
form of metastasis in CRC. To study the correlation
between expression of TRAP-1 and LNM metastasis in
East Asian CRC patients, develop potential LNM-asso
ciated biomarkers for CRC, we used the quantitative RTPCR to determine the expression of TRAP-1 in clinical
LNM CRC and non-LNM CRC patients, and employed
immunohistochemical assay in the same samples to con
firm the outcome of PCR and Western blotting.
Recently, several studies have shown that TRAP-1 is
an important factor relevant to progression and prognosis
in various human cancers, such as glioblastoma[22], ovar
ian[23], prostate[24], colorectal[25], and bladder[26] cancer. In
particular, some studies have revealed that overexpression
of TRAP-1 strongly indicates the presence of LNM[22-24],
which accords with the objectives of our study. However,
similar investigations have been limited to the relationship
between TRAP-1 expression and LNM in CRC. There
fore, it is of interest to notice that TRAP-1, one of the
significantly upregulated proteins identified in LNM CRC
compared with non-LNM CRC, has been confirmed at
the protein and mRNA levels.
TRAP-1 is abundantly and differentially expressed
in metastatic CRC in humans, but in normal colon cells,
TRAP-1 was undetectable or minimally expressed. The
different distribution of TRAP-1 in colorectal cancer
cells vs normal cells is in agreement with another survey
of different tumor types, where TRAP-1 was also differ
entially expressed in tumors of breast, lung, prostate and
pancreas as compared with normal matched tissues[13].
The up-regulation of TRAP-1 in LNM CRC played a
major role in crucial biological functions that influence
various aspects of cell physiology, including proliferation
and apoptosis, and differentiation and morphogenesis. It
is also significantly involved in cell adhesion and motility,
and cancer invasion and metastasis[27,28].
The relationship between TRAP-1 expression and the
LNM phenotype of CRC was also studied in the experi
ment with the same CRC samples. We found that the
increase in TRAP-1 expression level was significantly cor
related with LNM and advanced TNM stage, which sug
gests that TRAP-1 plays an important part in the progres
sion of CRC from a localized to lymph node metastatic
disease. In addition, patients with TRAP-1-positive CRC
had an increasing risk of recurrence and significantly re
duced overall survival. Univariate and multivariate analy
ses indicated that TRAP-1 expression is an independent
prognostic factor for recurrence and overall survival in
CRC, which indicates the considerable prognostic value

WJG|www.wjgnet.com
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Background

Colorectal cancer (CRC) is the third most common cancer in both men and
women and the second most common cause of cancer-related death. CRC frequently migrates through lymph node metastasis (LNM), but the variables used
to predict the existence of LNM are not available. In order to improve the diagnosis and prognosis of CRC, there is an urgent need to identify specific tumor
molecular markers to recognize patients with LNM, which can define a subset
of CRC patients who could benefit from rational management.

Research frontiers

Accordingly, Hsp90, and its ortholog, tumor necrosis factor receptor-associated
protein-1 (TRAP-1) are abundantly localized to mitochondria of tumor, but not to
the normal cells. Mitochondria play a critical role in cell survival and cell death.
Consistent with a general role of Hsp90 as a drug target in colorectal cancer,
the mitochondria-compartmentalized cytoprotective pathway could provide a
novel therapeutic target to enhance tumor cell apoptosis.

Innovations and breakthroughs

The association between TRAP-1 and cancer has been reported in several
studies recently, especially the relationship of TRAP-1 with metastasis of cancer cells. There was a limited number of studies on the association of TRAP-1
with metastasis in Chinese CRC patients. In this study, the authors analyzed
the expression of mitochondrial in different groups of LNM CRC and non-LNM
CRC using quantitative real-time polymerase chain reaction (RT-PCR), and
investigated the correlation between expression of TRAP-1 in LNM CRC and
non-LNM CRC with quantitative RT-PCR and Western blotting. Confirmed with
immunohistochemical assay in the same samples, the authors also investigated the relationship between TRAP-1 expression and lymph node metastatic
phenotype of CRC, and determined the prognostic value on the metastasis in
Chinese CRC cases.

Applications

This study suggests that the mitochondria TRAP-1 affect the lymph node metastasis in CRC, and it may be a potential biomarker for LNM and a prognostic
factor in CRC. Over-expression of TRAP-1 is a predictive factor for the poor
outcome of CRC patients.

Terminology

Hsp90 ortholog, TRAP-1 are abundantly localized to mitochondria of tumor, but
not to normal cells. TRAP-1 is a 75 kDa heat shock protein that is encoded in
humans by the TRAP-1 gene.

Peer review

The study is well-designed, although there are some technical points that need
rethinking during the interpretation of the results. The topic is of great clinical
importance as colorectal carcinoma represents a worldwide health problem,
and finding possible biomarkers that can be prognostic factors may help the
clinicians in their daily routine.
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Drug-induced liver injury in hospitalized patients with
notably elevated alanine aminotransferase
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the Council for International Organizations of Medical
Sciences scale, and only the cases classified as highly
probable, probable, or possible were diagnosed as
DILI. Comments related to the diagnosis of DILI in
the medical record and in the discharge letter for each
case were also examined to evaluate DILI detection by
the treating doctors.
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RESULTS: A total of 129 cases with ALT > 10 ULN
were identified. Hemodynamic injury (n = 46, 35.7%),
DILI (n = 25, 19.4%) and malignancy (n = 21, 16.3%)
were the top three causes of liver injury. Peak ALT values were lower in DILI patients than in patients with
hemodynamic injury (14.5 ± 5.6 ULN vs 32.5 ± 30.7
ULN, P = 0.001). Among DILI patients, one (4%) case
was classified as definite, 19 (76%) cases were classified as probable and 5 (20%) as possible according
to the CIOMS scale. A hepatocellular pattern was observed in 23 (92%) cases and mixed in 2 (8%). The
extent of severity of liver injury was mild in 21 (84%)
patients and moderate in 4 (16%). Before discharge,
10 (40%) patients were recovered and the other 15
(60%) were improved. The improved patients tended to
have a higher peak ALT (808 ± 348 U/L vs 623 ± 118
U/L, P = 0.016) and shorter treatment duration before
discharge (8 ± 6 d vs 28 ± 12 d, P = 0.008) compared
with the recovered patients. Twenty-two drugs and 6
herbs were found associated with DILI. Antibacterials
were the most common agents causing DILI in 8 (32%)
cases, followed by glucocorticoids in 6 (24%) cases.
Twenty-four (96%) cases received treatment of DILI
with at least one adjunctive drug. Agents for treatment
of DILI included anti-inflammatory drugs (e.g., glycyrrhizinate), antioxidants (e.g., glutathione, ademetionine
1,4-butanedisulfonate and tiopronin), polyene phosphatidyl choline and herbal extracts (e.g., protoporphyrin
disodium and silymarin). Diagnosis of DILI was not
mentioned in the discharge letter in 60% of the cases.
Relative to prevalent cases and cases from wards of
internal medicine, incident cases and cases from surgical wards had a higher risk of missed diagnosis in discharge letter [odds ratio (OR) 32.7, 95%CI (2.8-374.1),

Abstract
AIM: To identify the proportion, causes and the nature
of drug-induced liver injury (DILI) in patients with notably elevated alanine aminotransferase (ALT).
METHODS: All the inpatients with ALT levels above
10 times upper limit of normal range (ULN) were retrospectively identified from a computerized clinical
laboratory database at our hospital covering a 12-mo
period. Relevant clinical information was obtained
from medical records. Alternative causes of ALT elevations were examined for each patient, including biliary abnormality, viral hepatitis, hemodynamic injury,
malignancy, DILI or undetermined and other causes.
All suspected DILI cases were causality assessed using
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tion of DILI in patients with ALT > 10 ULN and identify
the causes and the nature of DILI. And we also wanted
to know the applicability of ALT > 10 ULN as a criterion
for screening DILI patients.

and OR 58.5, 95%CI (4.6-746.6), respectively].
CONCLUSION: DILI is mostly caused by use of antibacterials and glucocorticoids, and constitutes about
one fifth of hospitalized patients with ALT > 10 ULN.
DILI is underdiagnosed frequently.

MATERIALS AND METHODS

© 2012 Baishideng. All rights reserved.

Case identification
This study was carried out in a 2300-bed teaching hos
pital of Zhejiang University School of Medicine, China.
All hospitalized patients with ALT > 10 ULN (reference
value 0-50 U/L) were retrospectively identified from a
computerized clinical laboratory database at our hospital
covering a 12-mo period (January 2010-December 2010).
The medical records for all these patients were indepen
dently reviewed by two clinical pharmacists. Alternative
causes of ALT elevations were examined for each patient,
including biliary abnormality, viral hepatitis, hemodynam
ic injury, malignancy, DILI or undetermined and other
causes (such as liver surgery or trauma, and autoimmune
disease). Causes of liver injury were determined based on
clinical data and results of investigations such as virology
detection, ultrasonography, computed tomographic scan
ning or magnetic resonance imaging of the liver and bili
ary tree, antinuclear antibody, smooth-muscle antibody,
and gamma globulins detection. A history of alcohol
consumption or hypotension which might cause isch
emic hepatitis was also needed for diagnosis. As chronic
hepatitis B is prevalent in China, presence of hepatitis B
surface antigen could not exclude diagnosis of DILI, un
less it was accompanied by elevated HBV DNA titer > 1
× 103[9].
DILI was suspected based on the following criteria: (1)
an appropriate temporal relationship between the intake
of the drug and the onset of liver injury, and between
the withdrawal of the drug and the course of the reac
tion; and (2) exclusion of other causes of liver disease[10].
The CIOMS scale was used to assess the suspected DILI
cases[11], and only the cases classified as highly probable,
probable, or possible were diagnosed as DILI. Immunemediated DILI is an important component of idiosyn
cratic DILI, which is characterized by presence of fever,
rash, eosinophilia and autoantibodies. Extrahepatic mani
festations of immune-mediated DILI such as rash, fever,
arthralgia, eosinophilia and cytopenia were also reviewed.
Prevalent cases referred to the DILI cases with no docu
mented normal baseline values of aminotransferase
during hospitalization. In contrast, incident cases were
defined as the patients having at least one normal liver
parameter prior to DILI development during the hospi
talization.

Key words: Drug-induced liver injury; Abnormal liver
enzyme; Alanine aminotransferase; Underdiagnosis;
Adjunctive drugs
Peer reviewers: Zhang-Xu Liu, MD, PhD, Assistant Professor,

Research Center for Liver diseases, Keck School of Medicine,
University of Southern California, 2011 Zonal Avenue, HMR101,
Los Angeles, CA 90033, United States
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INTRODUCTION
Hepatic injury is encountered frequently in clinical pra
ctice. Acute hepatic injury can be recognized by the
increased activities of aspartate aminotransferase (AST)
and/or alanine aminotransferase (ALT) and can be di
agnosed by the presence of ALT levels above 10 times
upper limit of normal range (ULN). Viral hepatitis and
toxic and ischemic hepatic injury are the most common
causes of acute hepatic injury. Rarely, Wilson disease and
autoimmune hepatitis can also present as acute hepatic
injury[1]. The frequency of different causes of acute he
patic injury remains unknown and varies worldwide.
Among these causes of acute hepatic injury, druginduced liver injury (DILI) represents an important chal
lenge for physicians[2]. DILI is the leading cause of death
from acute liver failure and accounts for approximately
13% of cases of acute liver failure in the United States[3,4].
Furthermore, drug-induced hepatotoxicity is one of the
main reasons for postmarketing regulatory decisions, in
cluding drug withdrawal[5]. However, because there are no
specific markers coupled with the highly variable clinical
presentations of DILI, the recognition and diagnosis of
DILI are often difficult and delayed due to the need to ex
clude more common competing causes of liver injury[6,7].
The real proportion and seriousness of DILI in patients
with acute hepatic injury remain unknown. A previous
study showed that DILI was observed in 18%-22% of
medical inpatients fulfilling Council for International Or
ganizations of Medical Sciences (CIOMS) laboratory crite
ria[8]. Since hepatocellular DILI is the most common type
of DILI, the proportion of DILI in patients with ALT >
10 ULN might be higher than in medical inpatients.
The aim of this study was to determine the propor
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Type of DILI
According to the CIOMS criteria, cases with ALT > 2
ULN alone or an ALT/alkaline phosphatase (AP) ratio
≥ 5 (ALT and AP expressed as multiples of their up
per normal limit) were classified as hepatocellular, cases
with ALT/AP ratio ≤ 2 as cholestatic and cases with an
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ALT/AP ratio between 2 and 5 as mixed liver injuries.

Table 1 Characteristics of patients with alanine aminotransferase > 10 upper limit of normal range (mean ± SD)

Severity of DILI
The severity of DILI was categorized according to the
previous report with minor modifications[12]: mild [ALT
was elevated, but total serum bilirubin was < 2.5 mg/dL
and International Normalized Ratio (INR) was < 1.5];
moderate (ALT was elevated and serum bilirubin was ≥
2.5 mg/dL or INR was ≥ 1.5); and severe [ALT was el
evated, and total serum bilirubin ≥ 2.5 mg/dL and with
at least one of the following: (1) hepatic failure (INR ≥
1.5, ascites or encephalopathy); (2) other organ failure be
lieved to be caused by DILI event; and (3) death or liver
transplantation because of DILI event].

Causes

Hemodynamic injury 46 (25.7)
Drug-induced liver
25 (19.4)
injury
Malignancy
21 (16.3)
Biliary abnormality
15 (11.6)
Viral hepatitis
12 (9.3)
Undetermined and
10 (7.8)
others
Total
129 (100)
P (between different
causes)

Age (yr)

Female Peak ALT values
n (%)
(× ULN)

54.2 ± 17.2a 14 (30.4)
45.4 ± 16.8 9 (36.0)

32.5 ± 30.7b
14.5 ± 5.6

55.8 ± 14.6a
52.3 ± 14.4
47.8 ± 16.8
42.9 ± 12.0

2 (9.5)
7 (46.7)
4 (33.3)
5 (50)

17.5 ± 10.3
14.3 ± 7.7
18.6 ± 10.0
30.9 ± 33.5a

51.1 ± 16.4 41 (31.8)
0.085
0.15

23.0 ± 22.7
0.004

Post hoc tests aP < 0.05, bP < 0.01 vs drug-induced liver injury group. ALT:
Alanine aminotransferase; ULN: Upper limit of normal range.

Drug causality assessment
Drug causality for each case of DILI was assessed ac
cording to the WHO definitions for adverse drug reac
tions: The drug causality was classified as probable if
only one drug could be identified as causative for the
DILI; it was labeled as certain if a rechallenge was posi
tive; and labeled as possible if more than one drug could
have caused the DILI. Drugs were sorted and grouped
according to the Anatomical Therapeutic Chemical clas
sification.

years). Table 1 shows the number of patients with ALT
> 10 ULN, age, female percentage as well as peak ALT
values derived from all causes. Hemodynamic injury (n =
46, 35.7%), DILI (n = 25, 19.4%) and malignancy (n =
21, 16.3%) were the top three causes of acute liver injury.
The other causes included biliary abnormality (11.6%),
viral hepatitis (9.3%) and undetermined and other causes
(7.8%). There was no difference in gender distribution
among different cause groups, but patients were older
(54.2 ± 17.2 years vs 45.4 ± 16.8 years, P = 0.029) and
the magnitude of ALT alteration was higher (32.5 ± 30.7
ULN vs 14.5 ± 5.6 ULN, P = 0.001) in the group caused
by hemodynamic injury than in the group caused by
DILI.

Outcome
Cases with a documented decline of all liver parameters
< 3 ULN before discharge were labeled as recovery,
whereas cases with a documented decline but with liver
parameters remaining > 3 ULN were labeled as improve
ment. Cases without a documented decline of liver pa
rameters before discharge were labeled aggravation.

Features of DILI
Among the DILI patients, the median age was 47 years
(range, 20-83 years) and 9 (36%) were female. A total of
10 (40%) patients were 50 years or older and 3 (12%)
had a history of alcohol consumption. Sixty-eight per
cent of patients developed DILI during hospitalization.
The median duration between first exposure to the im
plicated agent and DILI recognition was 6 d (range, 1-40
d). The peak values for serum biochemistries (mean ±
SD) were as follows: ALT, 733.7 ± 290.3 U/L; AP, 167.8
± 120.0 U/L; and total bilirubin, 1.2 ± 1.3 mg/dL. A
hepatocellular pattern was observed in 23 (92%) cases
and mixed in 2 (8%) cases, and 4 (16%) cases had jaun
dice. Two (8%) cases had rash, 12 (48%) had fever and 6
(24%) had cytopenia. Neither arthralgia nor eosinophilia
was observed. The degree of severity of the liver injury
was judged to be mild in 84% and moderate in 16%. The
median time to biochemical resolution ≥ 50% from the
peak values following discontinuation of the offending
drug was 6 d (range, 2-12 d). A definite causal relation
ship was found in one (4%) case, probable in 19 (76%)
and possible in 5 (20%) cases. Ten (40%) cases were
recovered and the other 15 (60%) were improved be
fore discharge. Clinical features of 25 DILI patients are
listed in Table 2. The improved patients tended to have a

Detection and evaluation of DILI by treating doctors
In order to evaluate DILI detection by the treating doc
tors, any comments related to the diagnosis of DILI in
the medical record and in the discharge letter for each
case were examined. With respect to cases in which DILI
was mentioned, we checked whether the causative drugs
were specified in these documents.
Statistical analysis
Data were expressed in mean ± SD or mean (range) un
less otherwise stated, and were analyzed using the SPSS
version 13.0 (Chicago, IL, United States). Continuous
variables were compared using independent-sample t test
between two groups and one-way analysis of variance
and Post hoc tests among more than two groups. Categori
cal variables were compared by χ 2 (Fisher’s exact) test
and the likelihood ratio test. Differences were reported as
statistically significant if P < 0.05.

RESULTS
Causes of increased ALT > 10 ULN
A total of 129 patients with ALT > 10 ULN were identi
fied in this study. Their mean age was 51 years (range, 6-83
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Table 2 Demographic, clinical and laboratory parameters of
25 cases of drug-induced liver injury

Table 3 Implicated causative chemical drugs in 25 subjects
with drug-induced liver injury

Variables

Classification (n )

Outcome

Age, yr
Female
Body mass index, kg/m2
Alcohol use
Jaundice
Extrahepatic manifestations
Rash
Fever
Cytopenia
Incident cases
Surgical wards
Laboratory parameters, peak values
Alanine aminotransferase (U/L)
Aspartate aminotransferase (U/L)
Alkaline phosphatase (U/L)
Total bilirubin (mg/dL)
γ-glutamyl transpeptidase (U/L)
Hepatocellular type
Causality assessment
Highly probable
Probable
Possible
Time to onset, d
Time to enzymes resolution, d
Number of adjunctive drugs
Adjunctive drugs for treatment
Anti-inflammation
Antioxidants
Phospholipids
Herbs
Time from treatment of liver injury to
discharge, d

Recovery

Improvement

44.6 ± 18.4
3 (30)
24.3 ± 1.6
2 (20)
2 (20)

45.9 ± 16.4
6 (40)
21.6 ± 2.8
1 (6.7)
2 (13.3)

1 (10)
6 (60)
2 (20)
6 (60)
5 (50)

1 (6.7)
6 (40)
4 (26.7)
11 (73.3)
9 (60)

623 ± 118
338 ± 187
169 ± 172
1.4 ± 1.6
190 ± 224
9 (90)

808 ± 348a
636 ± 651
167 ± 75
1.1 ± 1.0
213 ± 149
14 (93.3)

0
9 (90)
1 (10)
5.3 ± 3.8
6.7 ± 2.4
2.6 ± 1.6

1 (6.7)
10 (66.7)
4 (26.7)
8.9 ± 10.2
6.0 ± 3.0
2.5 ± 0.8

7 (70)
7 (70)
6 (60)
0
28 ± 12

14 (93.3)
11 (61.1)
7 (46.7)
3 (20.0)
8 ± 6a

Omeprazole (2)
Amiodarone (1), atorvastatin (1),
cinepazide (1), telmisartan (1)
Glucocorticoids (6)
Methylprednisolone (5), dexamethasone (1)
Antibacterials for systemic Furbenicillin (2), cefminox (2), ornidazole
use (8)
(2), panipenem and betamipron (2),
meropenem (1), piperacillin and sulbactam
(1), cefoxitin (1)
Monoclonal antibodies (1)
Bevacizumab (1)
Musculo-skeletal system (4) Diclofenac (1), celecoxib (1), parecoxib (1),
baclofen (1)
Nervous system (2)
Olanzapine (2), fluoxetine (1)

Underdiagnosis rate of DILI
DILI was mentioned in medical records of 19 (76%)
cases and in the discharge letter of 10 (40%) cases. Those
who had missed diagnosis of DILI in medical records
also had a higher risk of missed diagnosis of DILI in dis
charge letters [odds ratio (OR) 1.7, 95%CI (1.1-2.5), P =
0.022]. Among the 19 cases of DILI, there were 9 (47.4%)
cases without information of specified causative drugs.
As shown in the discharge letter, patients from surgical
wards had a higher risk of missed diagnosis of DILI
compared with those from internal medicine wards [OR
58.5, 95%CI (4.6-746.6), P < 0.001]. Similarly, incident
cases had a higher risk of underdiagnosis of DILI in
their discharge letter compared with the prevalent cases
[OR 32.7, 95%CI (2.8-374.1), P = 0.001].
Adjunctive drugs for treatment of DILI
Only one case was not treated by any hepatic disease ad
junctive drugs. DILI was treated by a single medication in
12% of the cases, and by at least two agents in 84% cases
(Table 5). Ten agents were used for treatment of DILI.
Anti-inflammatory drugs such as glycyrrhizinate were the
most common agents used for treatment of DILI, with a
total of 21 (84%) cases. The antioxidants were prescribed
for 18 (72%) cases, including glutathione (n = 17), ade
metionine 1, 4-butanedisulfonate (n = 6) and tiopronin (n
= 1). Polyene phosphatidyl choline was used in 13 (52%)
cases.

a

P < 0.05 vs recovery group. In parentheses: Standard deviation; In
brackets: Percentage.

higher peak ALT and shorter treatment duration before
discharge compared with the recovered patients (mean
peak ALT, 808 ± 348 U/L vs 623 ± 118 U/L, P = 0.016;
and mean treatment duration before discharge, 8 ± 6 d
vs 28 ± 12 d, P = 0.008).
Causative agents
DILI was caused by a single prescription medication
in 16% of the cases, by multiple agents in 40% and by
herbs in 16%. Twenty-two chemical agents and 6 herbs
were associated with DILI. Antibacterials were the most
common class of agents associated with DILI in 8 (32%)
cases. The antibacterials most often encountered were
furbenicillin (n = 2), cefminox (n = 2), ornidazole (n =
2), panipenem and betamipron (n = 2), meropenem (n =
1), piperacillin and sulbactam (n = 1) and cefoxitin (n =
1). DILI was caused by glucocorticoids in 6 cases (24%),
including 5 cases treated with methylprednisolone, which
was the leading individual drug and one case treated with
dexamethasone. Implicated causative chemical drugs in
25 subjects with DILI are shown in Table 3. Characteris
tics of the 6 DILI patients caused by glucocorticoids are
presented in Table 4.

WJG|www.wjgnet.com

Specific drugs (n )

Proton pump inhibitors (2)
Cardiovascular system (3)

DISCUSSION
Among the hospitalized patients with ALT > 10 ULN,
DILI was the second common cause of liver injury, ac
counting for 19.4% of cases. Antibacterials and gluco
corticoids were the most frequently causative agents for
DILI. The degree of severity of DILI was mild or mod
erate. Ninety-six percent of DILI cases received at least
one adjunctive drug for treatment of DILI. All DILI
patients were either recovered or improved when they
discharged from the hospital. The underdiagnosis rate of
DILI in discharge letters was 60%.
ALT and AST are enzymes highly concentrated in the
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Table 4 Characteristics of 6 cases of drug-induced liver injury caused by glucocorticoids
Age/sex
20/F
36/F
25/M
49/M
42/F
49/M

Principal disease

Drug Dose (mg/d)

SLE
MP
Chronic glomerulonephritis MP
Brain trauma
MP
Brain trauma
MP
Drug eruption
MP
Brain tumor
DXM

20-160
32-40
20
40
30-160
5-15

Treatment
duration (d)

Peak values

Follow-up

ALT (U/L) AST (U/L) AP (U/L) TB (mg/dL) GGT (U/L)

84
17
10
10
24
12

600
1085
515
516
668
602

138
439
257
363
34
282

83
162
148
108
110
231

2.31
0.34
0.61
1.19
0.61
0.52

183
41
446
190
146
424

Recovered
Improved
Improved
Improved
Improved
Improved

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AP: Alkaline phosphatase; TB: Total bilirubin; GGT: γ-glutamyl transpeptidase; F:
Female; SLE: Systemic lupus erythematosus; MP: Methylprednisolone; DXM: Dexamethasone.

less likely caused by DILI. However, the average peak
ALT values were similar among patients with DILI, liver
malignancy, biliary abnormality and viral hepatitis. There
fore, it was hard to identify these etiologies of liver injury
merely according to the ALT levels.
DILI is usually recorded by spontaneous reporting
in postmarketing surveillance. However, spontaneous
reporting frequencies of DILI to the pharmacovigilance
authorities are always low in most countries[15]. The CI
OMS laboratory criteria are widely used in studies of
DILI. The CIOMS laboratory criteria require at least two
determinations of ALT > 2 ULN, conjugated bilirubin >
2 ULN, or combined increases of AST, AP and total bili
rubin with one value > 2 ULN, which are too complicat
ed as criteria for screening DILI in real practice. Propor
tion of DILI in different populations varies depending
on different screening laboratory criteria. In our study,
among 129 inpatients with ALT > 10 ULN, 25 patients
had DILI resulting in a positive predictive value of 19.4%
for a case detection based on ALT > 10 ULN. This is
similar to the values of 18%-22% in medical inpatients
fulfilling CIOMS laboratory criteria[8]. Because of the he
patocellular predominance of ALT, 92% of DILI cases
in this study were of hepatocellular injury. Thus, posi
tive predictive rate of drug-induced hepatocellular injury
was 18% in cases with ALT > 10 ULN, which was more
than two times higher than the values of 8% in patients
fulfilling CIOMS laboratory criteria[16]. However, it must
be noted that the criteria used in our study increased the
positive predictive value for diagnosis of drug-induced
hepatocellular injury at a cost of missing drug-induced
cholestatic injury.
The underdiagnosis of DILI is well known[8]. In the
present study, among 25 cases of DILI, comments about
the diagnoses of DILI were given in only 10 (40%) cases
in their discharge letters. Nineteen (76%) cases had a
diagnosis of DILI during hospitalization, but causative
drugs were specified in only less than half of the cases.
Underdiagnosis of DILI occured more often in incident
cases and cases from surgery wards. Although the diag
nosis rate in our study was not optimistic according to
the patients discharge letters, the rate of 40% was more
than five times higher than the rate of 7% in a previous
study by Meier et al[8]. This may be due to different detec
tion criteria used, e.g., CIOMS laboratory criteria were

Table 5 Adjunctive drugs used for treatment of drug-induced
liver injury
Classification (n )
Anti-inflammation (21)

Antioxidants (18)
Phospholipids (13)
Herbal extrats (3)

Specific drugs (n )
Diammonium glycyrrhizinate (9),
magnesium isoglycyrrhizinate (8), compound
monoammonium glycyrrhetate S (4), compound
glycyrrhizin (3)
Glutathione (17), ademetionine
1,4-butanedisulfonate (6), tiopronin (1)
Polyene phosphatidyl choline (13)
Protoporphyrin disodium (2), silymarin (1)

liver and are sensitive indicators of hepatocyte damage.
Patients with a marked increase in aminotransferase levels
(> 10 ULN) typically have acute hepatic injury. The study
of the causes of notably elevated AST of liver origin in
the United Kingdom[13] showed that hepatic hypoxia was
the most common cause (50%), followed by pancreato
biliary disease. Since viral hepatitis is prevalent in many
Asian countries and it is the primary cause in 95%-100%
of patients with acute hepatic failure in India[14], viral
hepatitis was supposed to be the most common cause of
elevated ALT > 10 ULN in China. However, our results
showed that hemodynamic injury is the most common
cause of notably elevated ALT (36%) similar to the re
sults from the AST study. Viral hepatitis accounts for
9.3% patients with ALT > 10 ULN, which is more than
two times higher than the proportion (3.6%) in the AST
study. From the results of present study, we should take
a new look at causes of acute liver injury in China. Un
like the results from the study of AST, DILI accounts
for 19.4% of inpatients with ALT > 10 ULN, which is
more than two times higher than the proportion of 8.8%
in patients with AST > 10 ULN, indicating that ALT is
a more suitable indicator for diagnosis of drug-induced
hepatocellular injury than AST.
Although there can be grey areas in which a range of
causes overlap, the magnitude and rate of ALT change
may provide initial insight into a different diagnosis. A
very high ALT (> 75 ULN) are more likely caused by
ischemic or toxic liver injury[6]. In our study, we found
that the average peak ALT value in patients with hemo
dynamic liver injury was more than two times higher than
the value in patients with DILI and ALT > 50 ULN was

WJG|www.wjgnet.com

5976

November 7, 2012|Volume 18|Issue 41|

Xu HM et al . DILI and ALT

patic failure[21]. However, in our study, adjunctive drugs
were used in 96% of DILI patients after cessation of the
inducing drugs. Glycyrrhizinate, antioxidants and polyene
phosphatidyl choline were the most common agents used
for treatment of DILI. Data from some clinical studies
showed that these drugs are beneficial to patients with
DILI[22-25]. In the current study, none of the patients died
from DILI and all patients were either recovered or im
proved when they were discharged, in spite of the fact
that 4 (16%) patients had jaundice. If both drug-induced
hepatocellular injury and jaundice occur at the same time,
a mortality of at least 10% can be expected according to
the Hy’s rule[26]. The reason why we did not detect any
fatal cases may somewhat attribute to the use of adjunc
tive drugs. We did not find any significant difference be
tween recovered patients and improved patients in how
many adjunctive drugs were used and which drug was
chosen for treating DILI. Although our sample size was
small and the follow-up of the patients was done only
till discharge, but not till the time of complete recovery,
our findings suggest that adjunctive drugs may be effec
tive for treatment of DILI, however, further studies are
needed to determine their efficacy and safety in subjects
with DILI.
Our study is limited by its retrospective nature. A
detailed medical history of the DILI patients before hos
pitalization could not be obtained if the doctors had not
described it in the medical records. For prevalent cases,
our data were mainly based on the doctors’ judgments.
Some patients had not undergone a complete investiga
tion to exclude other possible causes of liver disease. We
found that even among cases of DILI diagnosed by treat
ing doctors, many critical elements needed for a diagnosis
of DILI were not available. A checklist of minimum ele
ments required for diagnosis of DILI[19] would be helpful
for improving the DILI diagnosis rates and future DILI
research.
In conclusion, our study demonstrates that DILI was
most frequently caused by use of antibacterials and gluco
corticoids and constituted about one fifth of hospitalized
patients with ALT > 10 ULN. Underdiagnosis of DILI
is common, especially in patients from surgical wards and
incident cases. An online warning for diagnosis of DILI
when a patient’ ALT was > 10 ULN and a checklist of
minimum elements required for diagnosis of DILI may
both be helpful for improving DILI diagnosis rates and
future DILI research.

used in that study, but ALT > 10 ULN was used in our
study. Doctors might pay more attention to ALT >10
ULN than to ALT > 2 ULN, which is one of the CIOMS
laboratory criteria. Underdiagnosis of DILI may lead to
a severe underestimation of the prevalence and incidence
of DILI, especially for the studies based on a computer
ized diagnosis database. It is still a worldwide problem
with respect to the methods for improving the reporting
rate of DILI. One of the aims of our study is to iden
tify whether ALT >10 ULN is a good cut-off point for
screening DILI patients. From the results of our study,
we can conclude that a cut-off in all patients with ALT
>10 ULN for screening DILI has yielded at least the
same positive predictive value as the CIOMS laboratory
criteria which might be more easily accepted by doctors.
Because inpatients rarely received only a single drug
for treatment, which makes it difficult to determine
which drug is the most responsible agent inducing liver
injury even using the CIOMS criteria, we labeled possible
for all suspected drugs. The drugs causing DILI vary
among countries. In European countries and the United
States, antibiotics, cardiovascular and central nervous sys
tem drugs are the most frequent causes of DILI[3,5,10,17].
In Asian countries, herbal and dietary supplements are
often the most common causes of DILI[9,18]. The current
study revealed that the most common type of drugs was
antibacterials, accounting for 32% of all DILI cases. The
ratio of DILI caused by antibacterials in our study is very
similar to the data in outpatients of a Swedish university
hospital and inpatients in Switzerland hospitals[8,15]. Dis
crepancies in the published data on the category of anti
bacterials related with DILI may attribute to the different
local therapeutic strategies and prescribing behaviors in
different countries[15,19]. Similar to previous studies, hepa
toxicity induced by NSAIDs, omeprazole, amiodarone,
statins and olanzapine was recognized. Unexpectedly, we
found that 6 cases of DILI might be caused by glucocor
ticoids. Glucocorticoid is a relatively uncommon cause
of liver injury; moreover, it is the choice of treatment for
severe hepatitis. However, some cases of corticosteroidinduced hepatotoxicity, mostly induced by the high-dose
methylprednisolone have been reported[20]. In our study,
liver injuries were all induced by low-doses of glucocor
ticoids. The mechanisms of corticosteroid-induced liver
injury still remains unclear. Reactivation of HBV infec
tions, excipient of the methylprednisolone preparation
and/or idiosyncrasy reactions might all be associated
with the liver injury. The significance and mechanism of
liver injury caused by glucocorticoids deserve more atten
tion and need more researches. Herbal medicines seem
to be the major causes of DILI in Asian countries[9]. In
our study, we found that herbal medicines were respon
sible for 16% of DILI cases which is higher than the
proportion rate in Japan[18], but much lower than the rate
in Singapore[9]. This may be explained by different herbs
consumptions among countries.
Up till now, therapeutic interventions for DILI re
main principally limited to the cessation of the causative
drugs, supportive therapy and monitoring for acute he

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

Drug-induced liver injury (DILI) is being increasingly recognized as an important cause of acute hepatic injury. It is the leading cause of acute liver failure
in several Western countries and the most common reason for postmarketing
regulatory decisions. The recognition and diagnosis of DILI are often difficult
and delayed because of the lack of specific diagnostic markers coupled with the
highly variable clinical presentations of DILI.

Research frontiers

The real incidence of DILI remains unknown because of the difficulty in diagnosis and the low spontaneous reporting frequency to the pharmacovigilance
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authorities. The focus of DILI research is how to improve the detection of DILI
to better understand the causes, risk factors and nature of DILI. Screening
laboratory results of patients and using diagnostic scales, such as the Council
for International Organizations of Medical Sciences scale for patients with suspected DILI, may help improve the detection of DILI.

9
10

Innovations and breakthroughs

In this study, the authors identified that DILI was the second common cause of
alanine aminotransferase (ALT) > 10 times upper limit of normal range (ULN)
and a positive predictive value of 19.4% for DILI detection based on ALT > 10
ULN. Antibacterials were the most common causative agents for DILI. Unexpectedly, glucocorticoids, which are commonly used for severe hepatitis treatment, were found to be the second common causative agents. A high rate (60%)
of underdiagnosis of DILI was found in patients with ALT > 10 ULN, especially
in incident cases and cases from surgical wards.

11

12

Applications

13

The results suggest that underdiagnosis of DILI is frequent and ALT > 10 ULN
can be used as a laboratory screening criterion to improve the detection of DILI.
The significance and mechanism of causative drugs of DILI, such as glucocorticoids, await further researches.

14

Terminology

CIOMS scale: This scale is determined by a score based on 7 criteria, including
temporal relationship, clinical course (response after withdrawal of drug), risk
factors, concomitant drugs, exclusion of other non-drug etiologies, likelihood of
a reaction based on package labeling, and rechallenge. The categories of suspicion are definite or highly probable (score > 8), probable (score 6-8), possible
(score 3-5), unlikely (score 1-2) and excluded (score ≤ 0).
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Peer review

The authors retrospectively investigated the proportion and causality assessment of possible DILI cases in hospitalized patients in a university hospital in
China. The research has novelty in identifying and classifying DILI cases. The
causality assessment of the DILI cases in this research also provides meaningful information about unique drugs implicated in non-fulminant DILI in the studied patients.
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INTRODUCTION
Liposarcoma is one of the most common malignant soft
tissue tumors found in adults. Most liposarcoma patients
are between 40 and 60 years of age, and the incidence
in men and women with this disease is approximately
equal. Currently, classification of liposarcoma is divided
into five subtypes: myxoid, pleomorphic, dedifferentiated, round cell, and well-differentiated liposarcoma
(WDLPS)[1]. WDLPS is the most common histological
subgroup, whereas dedifferentiated liposarcoma (DDLPS)
has a comparatively worse prognosis. In this report we
describe a WDLPS arising from the mesorectum and presenting as an endoluminal mass. Additionally, this tumor
had histological characteristics consistent with DDLPS
and had transmurally invaded into the rectum.

Abstract
Liposarcoma is one of the most common soft tissue
sarcomas found in adults, and it usually occurs in the
retroperitoneum and the extremities. Here, we describe
a case of dedifferentiated liposarcoma originating from
a well-differentiated liposarcoma of the mesorectum
that presented as a protruding mass in the rectal lumen. Hartmann’s operation with total mesorectal excision was performed and the tumor was removed radically. No management guidelines are currently available
for liposarcoma of the rectum. We propose that complete surgical resection be required for the treatment of
rectal liposarcoma and that a long-term detailed follow
up is necessary.

CASE REPORT
A 77-year-old Japanese male patient complaining of constipation and urinary retention, was admitted to Kurashiki
Central Hospital and examined by a gastroenterologist.
The patient had diabetes mellitus that was under control
with anti-diabetic drugs. Physical examination revealed
a large mass in the lower abdomen, and an abdominal
computed tomography (CT) scan showed a large tumor
mass in the rectum accompanied by prostatomegaly. Pelvic magnetic resonance imaging revealed a 9 cm × 7 cm
× 5 cm sized polypoid tumor in the rectal cavity, with the
dorsal side of the mesorectum appearing to protrude into
the tumor (Figure 1). A colonoscopy revealed a smooth-
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Figure 1 T2-weighted magnetic resonance image demonstrating a highintensity mass in rectum with prostatomegaly.

surfaced, oval-shaped, large tumor in the rectum, with the
lower end located about 10 cm from the anal verge. The
first preoperative colonoscopic biopsy retrieved some necrotic but no malignant tissue. The immunohistochemical
analysis of the second biopsied specimen demonstrated
positive staining for CD34, CD31 and Ki67, and negative
staining for c-kit, AE1/AE3 and epithelial membrane antigen, with the MIB-1 index at 30%. Preoperative diagnosis was not definitive but indicated a possible high-grade
sarcoma. The tumor marker carbohydrate antigen 19-9
was detected at an abnormally high level, while other
tumor markers were within normal ranges. The gastroenterologist suspected that the preoperative diagnosis was
angiosarcoma, malignant solitary fibrous tumor, or c-kit
negative gastrointestinal stromal tumor and introduced
the patient to the surgical department for surgical resection. A preoperative digital examination confirmed that
the distance between the lower end of the tumor and the
anal verge was 10 cm and that the tumor was mobile.
The patient underwent a laparotomy, which revealed
a large palpable tumor in the rectum. Since the preoperative diagnosis indicated a possible high-grade sarcoma,
the local recurrence rate after the operation was not
expected to be low, even if the tumor was resected radically. Therefore, total mesorectal excision was performed
in addition to Hartmann’s operation to help decrease the
risk of pelvic recurrence. A part of the mesorectum was
slightly hard and the tumor was resected radically. Gross
examination revealed a large submucosal tumor with invagination of the surrounding large intestine. Following
surgery, the patient was discharged without any postoperative complications.
The resected solid tumor was 85 mm × 67 mm ×
32 mm in size and pedunculated (Figure 2A). Histological examination revealed a high-grade sarcoma consisting of spindle-shaped tumor cells with hyperchromatic
oval nuclei and eosinophilic cytoplasm (Figure 2B, C).
The differentiation status of the tumor was determined
morphologically as well as immunohistochemically. The
tumor was positive for Bcl-2, vimentin, desmin, CD34,
CD56, CD10, and CD99. However, the mass was found
to be present transmurally in the rectum, and was con-
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Figure 2 Dedifferentiated liposarcoma in rectum. A: Gross picture showing
a huge dedifferentiated liposarcoma in rectum; B: Dedifferentiated component
identified in polypoid lesion at rectum [hematoxylin and eosin (HE), × 400]; C:
Well-differentiated liposarcoma at mesorectum (HE, × 400).

tinuous to WDLPS, consisting of mature adipose tissue,
intervening fibrous tissue, and scattered atypical cells with
large, unusual nuclei in the mesorectum. Thus, a diagnosis of DDLPS arising from WDLPS was rendered.
Three months postoperatively, no recurrence or metastasis was identified via CT scan.

DISCUSSION
Retroperitoneal malignant tumors are rare; however, liposarcoma is the most common type[2-6]. Liposarcoma
tends to occur in the fourth to sixth decades of life, with
no difference in frequency among the sexes. Liposarcomas have been divided into five subtypes by the World
Health Organization (well differentiated, dedifferentiated, myxoid, pleomorphic, and mixed type)[1]. In 1979,
Evans[7] was the first to characterize a liposarcoma. He
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treatment[15]. Therefore, we recommend that complete
surgical resection and long-term follow up after surgery
be required for the treatment of DDLPS due to the risk
of recurrence.

described a combination of WDLPS and a non-lipogenic
dedifferentiated sarcoma-like component. In 1971 Dahlin
et al[8] described the dedifferentiated chondrosarcoma as
a morphologically biomorphic neoplasm showing areas
of well-differentiated, low-grade tumors juxtaposed with
high-grade non-chondroblastic tumors without obvious areas of gradual transition. Dedifferentiation can
take place through a de novo mechanism or through the
recurrence of WDLPS in which additional changes have
occurred[9]. The original definition of DDLPS has been
modified over time. Dedifferentiation into exclusively
low-grade areas or into a combination of low and highgrade areas has been included in this subtype. DDLPS
has a less aggressive clinical course than other types of
high grade sarcoma, although the underlying mechanism
remains unclear. Approximately 40% of DDLPSs will recur locally and 17% will metastasize and 28% of patients
will ultimately die as a result of the tumor[1].
In our case, the mesorectum spindle cells in the pleomorphic lipoma were positive for CD34, indicating a
well-differentiated liposarcoma. Preoperative immunohistochemical staining with CD117 was negative, suggesting that the tumor was not a typical GIST. Postoperative
histological findings revealed a transition from WDLPS to
a non-lipogenic sarcoma with a variable grade at the polypoid lesion indicating a DDLPS.
The most common sites of DDLPS are the retroperitoneum and extremities, with other anatomic locations occasionally reported. Excluding case of DDLPS
in the retroperitoneum, we found nine cases of localized
DDLPS. Six of the DDLPS cases occurred in the small
bowel mesentery[10,11] and two cases of primary advanced
DDLPS occurred in the colon[12,13]. The final case of
DDLPS occurred in the sigmoid mesocolon[14]. The case
we present here is an example of primary retroperitoneal
WDLPS with secondary involvement of the rectum. An
unusual feature of this case was that the DDLPS was detected in a polypoid lesion in the rectum.
The appropriate diagnostic and therapeutic approach
to treat DDLPS has not yet been determined; although,
it is generally accepted that complete surgical resection
of the tumor should be performed to increase the cure
rate of this disease. In our case, total mesorectal excision of the rectum was performed and was expected to
have removed the tumor radically. The patient has been
followed-up and no signs have been detected to suggest
further need for therapy. However, prognosis of DDLPS
mainly depends on local recurrence and almost all retroperitoneal cases recur locally in 10-20 years following
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Abstract
We report an extremely rare case of synchronous
double cancers of the common bile duct without pancreaticobiliary maljunction. Only two similar cases have
been reported in the English literature. Endoscopic retrograde cholangiopancreatography showed a tuberous filling defect in the middle and superior parts of
the common bile duct, and mild stenosis in the inferior
duct. Computed tomography (CT) showed a well enhanced mass in the middle and superior parts of the
common bile duct. A single cancer of the middle and
superior bile duct was suspected and extra-hepatic bile
duct resection was performed. CT eleven months after
surgery revealed enhanced inferior bile duct wall and a
slightly enhanced tumor within it. Retrospective review
of the CT images taken before first surgery showed enhanced inferior bile duct wall without intrabiliary tumor
only on the delayed phase. The inferior bile duct tumor
was suspected to have originally co-existed with the
middle and superior bile duct tumor. Pancreaticoduodenectomy was performed subsequently. Histopathological examination revealed that the middle and superior
bile duct tumor was a moderately differentiated tubular
adenocarcinoma while the inferior bile duct tumor was
a papillary adenocarcinoma. The two tumors were
separated and had different histological findings and
growth patterns, further suggesting that they were two
primary cancers.

WJG|www.wjgnet.com

INTRODUCTION
Synchronous double cancers in the biliary system are
rare[1]. Most such tumors are double cancers in the common bile duct (CBD) and the gallbladder associated with
pancreaticobiliary maljunction (PBM)[1-3]. We report here
an extremely rare surgical case of synchronous double
cancers of the CBD without PBM. To our knowledge,
only two similar cases have been reported in the English
literature[4,5].

CASE REPORT
A 78-year-old male presented with abdominal pain and
jaundice. Computed tomography (CT) showed dilatation of the intrahepatic bile duct and a well-enhanced
mass in the middle and upper parts of the CBD (Figure
1A). No mass was detected in the inferior part of the
CBD (Figure 1B). The results of laboratory tests showed
elevated serum levels of several liver enzymes (total bilirubin 19.6 mg/dL, glutamic oxaloacetic transaminase 54
mg/dL, glutamic pyruvic transaminase 103 mg/dL), and
high levels of carcinoembryonic antigen (5.4 ng/dL) and
carbohydrate antigen 19-9 (375 U/mL). Endoscopic ret-
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A

C

B

Figure 1 Imaging findings before the first surgery. A: Computed tomography showed a well enhanced mass in the middle and superior parts of the bile duct (black
arrow); B: No mass was detected in the inferior part of the bile duct (white arrow); C: Endoscopic retrograde cholangiopancreatography revealed a tuberous filling defect in the middle and superior parts of the bile duct (black arrows) and mild stenosis in the inferior part (white arrows).

A

B
HDM

GB

LBDM

Figure 2 Macroscopic and microscopic findings of resected specimen at the first surgery. A: Resected specimen of the extra-hepatic bile duct showed whitish
tuberous tumor in the middle and inferior parts of the bile duct (cancer marked by the white arrows); B: Microscopically, the tumor was moderately differentiated tubular adenocarcinoma with invasive growth (hematoxylin-eosin; magnification; × 100). GB: Gallbladder; HDM: Hepatic duct margin; LBDM: Lower bile duct margin.

rograde cholangiopancreatography (ERCP) showed the
absence of PBM and the presence of a tuberous filling
defect in the middle and superior parts of the CBD and
mild stenosis in the inferior bile duct (Figure 1C). Endoscopy showed no abnormal finding in the papilla of Vater.
Although a mild stenosis of the inferior part of the CBD
was detected on ERCP, no tumor could be detected in
that part of the duct on CT, suggesting that the stenosis
was not caused by a malignant tumor. The provisional
diagnosis was a solitary tumor in the middle and superior
parts of the bile duct. Extra-hepatic bile duct resection
with regional lymph node dissection was performed.
Histopathological examination showed a moderately differentiated tubular adenocarcinoma with invasive growth
(Figure 2). Both the proximal and distal ductal margins

WJG|www.wjgnet.com

were negative. The postoperative course was uneventful.
A repeat CT taken 11 mo after surgery showed enhanced
inferior bile duct wall and a slightly enhanced tumor measuring 1.6 cm in diameter within the duct (Figure 3A).
Cholangioscopy revealed a papillary tumor in the remaining inferior bile duct (Figure 3B). Retrospective review
of the CT images before the first surgery confirmed the
lack of abnormal findings in the inferior bile duct on the
arterial and portal venous phases. However, the enhanced
inferior bile duct wall was detected only on the delayed
phase (Figure 3C). Based on the clinical course and CT
findings, the inferior bile duct tumor was suspected to
have originally co-existed with the middle and superior
bile duct tumor although it was not detected before the
first surgery. Pancreaticoduodenectomy was performed
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A

B

C

Figure 3 Imaging findings before the second surgery and retrospectively reviewed computed tomography finding before the first surgery. A: Computed
tomography (CT) taken 11 mo after the first surgery showed enhanced inferior bile duct wall (white arrow) and slightly enhanced tumor within the duct; B: Cholangioscopy revealed a papillary tumor in the remaining inferior bile duct; C: Retrospective review of the CT images before the first surgery revealed enhanced inferior bile
duct wall (white arrow) only on the delayed phase.

B

A
BDM

Figure 4 Macroscopic and microscopic findings of resected specimen at the second surgery. A: Specimen resected during pancreaticoduodenectomy. Note
the papillary tumor in the inferior bile duct (white arrow); B: Microscopic examination showed papillary adenocarcinoma with expansive growth (hematoxylin-eosin,
magnification; × 100). Tumor cells were confined within the fibromuscular coat. BDM: Bile duct margin.

as the second surgery. Histopathological examination
showed a papillary adenocarcinoma with expansive
growth (Figure 4), and a negative distal ductal margin.
Postoperatively, the patient received adjuvant chemotherapy with S-1. However, multiple liver metastases were
detected 10 mo after the second surgery. The patient received additional chemotherapy with gemcitabine for the
recurrent metastases, but the metastatic foci showed aggressive growth, resulting in death at 31 mo after the first
surgery (18 mo after the second surgery).

mild stenosis in the inferior part of the bile duct, no mass
was detected on CT, and the diagnosis was a single bile
duct cancer. However, retrospective review of the first
CT images identified enhanced inferior bile duct wall only
on the delayed phase, and the site of the enhanced wall
was identical to the site of the inferior bile duct tumor
detected on the CT eleven months after the first surgery.
These imaging findings and the clinical course indicate
that the inferior bile duct tumor originally co-existed with
the tumor identified in the middle and superior bile duct.
We believe that other tests such as endoscopic ultrasonography or cholangioscopy should have been conducted
before the first surgery, considering the finding of ERCP.
As an extremely rare entity, synchronous double cancers
of the CBD without PBM can exist. When a tumor is
suspected in the biliary tract, careful and meticulous preoperative assessment is necessary.
A search of the PubMed database identified only
two reports of synchronous double cancers of the CBD
without PBM in the English-language literature[4,5]. With
regard to cases of biliary cancer without PBM, the presence of synchronous double tumors poses the question
of whether they are independent primary tumors or one
tumor that have metastasized from a single tumor. Dif-

DISCUSSION
Synchronous double cancers in the biliary system are rare.
Most of the reported cases are double cancers of the CBD
and the gallbladder associated with PBM[1-3]. Fujii et al[6]
reported that 62.5% of synchronous double cancers and
100% of metachronous double cancers of the biliary
tract were associated with PBM. Biliary cancers with
PBM are thought to develop multicentrally, due to the effect of pancreatic juice reflux on the mucosa of the biliary tract[7]. Our patient had synchronous double cancers
of the middle and superior bile ducts and the inferior bile
duct. Although ERCP before the first surgery revealed a

WJG|www.wjgnet.com
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ferentiation between these events is important since these
two origins imply different stage of the disease, as well
as different subsequent treatment and prognosis. In their
case report, Ogawa et al[6] described synchronous double
cancers of the superior and middle bile duct and inferior
bile duct. The upper cancer was pathologically diagnosed
as poorly differentiated adenocarcinoma, while the lower
one was moderately differentiated adenocarcinoma. In
their case, the upper cancer was considered a metastasis
from the lower one, based on genetic analysis of loss of
heterozygosity[8,9]. Bedoui et al[5] reported another case of
synchronous double cancers of the middle bile duct and
inferior bile duct, and both cancers were pathologically diagnosed as adenocarcinomas. That case was preoperatively
diagnosed as a single bile duct cancer, similar to the present case. The diagnosis of another inferior bile duct tumor
was made during surgery. In their case, there was no communication in either the mucosal layer or the subepithelial
layer between the two cancers, and the two tumors were
thought to be primary. In our case, the two cancers were
separate entities with different histopathological diagnosis,
suggesting that they were two primary tumors.
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Abstract
This report presents a case of massive mucosal necrosis of the small intestine in a patient with mitochondrial myopathy, encephalopathy, lactic acidosis, and
stroke-like episodes (MELAS), which particularly affects
the brain, nervous system and muscles. A 45-year-old
Japanese female, with an established diagnosis of MELAS, presented with vomiting. Computed tomography
showed portomesenteric venous gas and pneumatosis
intestinalis. She underwent a resection of the small
intestine. A microscopic study showed necrosis of the
mucosa and vacuolar degeneration of smooth muscle
cells in the arterial wall. Immunohistochemistry showed
anti-mitochondrial antibody to be highly expressed in
the crypts adjacent the necrotic mucosa. The microscopic and immunohistochemical findings suggested
the presence of a large number of abnormal mitochondria in MELAS to be closely linked to mucosal necrosis

WJG|www.wjgnet.com

INTRODUCTION
Mitochondrial myopathy, encephalopathy, lactic acidosis,
and stroke-like episodes (MELAS) is one of a family of
mitochondrial cytopathies[1]. MELAS particularly affects
the brain and nervous system and muscles. Gastrointestinal symptoms, such as nausea, vomiting and anorexia,
are also common[2]. Although scattered focal necrosis is
sporadically seen[3], massive intestinal necrosis in MELAS
is rare. Only two cases of massive large intestinal necrosis
in MELAS have been reported to date[4,5]. This report
presents the case of a MELAS patient with massive mucosal necrosis of the small intestine. This is the first case
report of MELAS with massive mucosal necrosis of the
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small intestine.

CASE REPORT
A 45-year-old Japanese female presented with vomiting.
Abdominal computed tomography (CT) showed portomesenteric venous gas; therefore she was referred to this
hospital for further investigation and treatment.
Her medical history revealed that she presented with
progressive sensorineural hearing loss at 24 years of age.
In addition, she experienced headaches, seizures, homonymous hemianopsia, right hemi paresis, limb weakness
and a stroke-like episode at 43 years of age. Her lactic
acid and pyruvate level were 112.4 mg/dL (normal < 17
mg/dL) and 2.16 mg/dL (normal < 0.94 mg/dL), respectively. She did not undergo a muscle biopsy. However, the
mitochondrial mutation A3243G was detected in her son.
A diagnosis of MELAS was therefore established because MELAS is transmitted by maternal inheritance[2,6].
Her height and body weight were 143 cm, and 26.6
kg, respectively, at the time of admission. Physical examinations revealed abdominal distension. Guarding,
rebound tenderness or rigidity could not be estimated
properly due to the presence of generalized muscle atrophy and difficulties in communicating with the patient.
She was in a state of septic shock. Her heart rate and
blood pressure were 88 beats/min and 73 mmHg/31
mmHg, respectively. A semi-quantitative measurement
showed her procalcitonin level to be ≥ 10 ng/mL.
CT showed a massive amount of portomesenteric
venous gas and pneumatosis intestinalis involving the
duodenum, jejunum and ileum (Figure 1). An emergency
operation was indicated. Mucosal necrosis from the duodenum to the ileum was recognized transluminal from
the serosal. The pulse of the superior mesenteric artery
and the vasa recta was palpable. She underwent a massive
resection of the small intestine from 10 cm distal to the
Treitz ligament to 30 cm proximal to the ileocecal valve,
followed by jejunostomy and ileostomy, as damage control surgery because her vital signs indicated the patient
to be in a state of shock.
The specimen was 150 cm in length (Figure 2A). Macroscopic observation revealed diffuse mucosal necrosis
in two thirds of oral-sided area, and mottled necrosis in
the remaining area. The microscopic analysis revealed coagulation necrosis of the mucosa and the lamina propria
(Figure 2B). The external longitudinal layer of muscularis
propria was also degenerated and partially diminished
(Figure 2B). Vacuolar degeneration of smooth muscle
cells was observed in the arterial wall and the muscular
layer of the intestinal wall (Figure 3).
Anti-mitochondrial antibody (AMA), ab92824, was
highly expressed in the crypt and slightly in the remaining
mucosa that was observed in the necrotic area (Figure 4).
On the contrary, AMA expression in the crypts was moderate in the non-necrotic area. The resected strangulated
ileum of a non-MELAS patient stored in the pathological
department was used as a control. This sample showed

WJG|www.wjgnet.com

Figure 1 Preoperative computed tomography. There was a massive amount
of portomesenteric venous gas (arrow head) and pneumatosis intestinalis in the
small intestine (arrow).

A

B

Figure 2 Macroscopic findings of resected tissue and specimen. A: Macroscopic findings of resected tissue. The specimen measured 150 cm in length.
There was diffuse mucosal necrosis in two thirds of oral-sided area, and mottled
necrosis in the remaining area. Arrow: Oral stump; B: Microscopic findings of
the resected specimen. Coagulation necrosis of the mucosa and lamina propria
was observed (arrows). The external longitudinal layer of the muscularis propria
was partially diminished (arrow heads). Hematoxylin and eosin, Bar = 500 μm.

moderate AMA expression in the crypt in comparison to
that of the current patient (Figure 5; Table 1). Expression
patterns of AMA in both specimens are shown in Table 1.
A series of antibiotics were administered based on
culture evaluations in order to control infection. She required support for renal insufficiency with continuous
hemodiafiltration for a 3-d period after surgery; blood
pressure support with catecholamine administration,
mechanical ventilation support for a 3-wk period after
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A

B

Table 1 Summary of anti-mitochondrial antibody expression
MELAS patient
(in this case)
Necrotic
lesion
Expression of AMA
Mucosa
Villi
Diminished/+++
Crypt
+++
Lamina propria
+/Muscularis mucosa
+
Submucosa
+/Muscular layer
Inner circular
++
External longitude
++

Figure 3 Vacuolar degeneration. A: Artery wall (arrow); B: Muscular layer (arrow head). Hematoxylin and eosin, Bar = 100 μm.

Non-MELAS patient
(in our control)

Nonnecrotic
lesion

Necrotic
lesion

Nonnecrotic
lesion

+
+/+/+
+/-

Diminished
+
+/+/+/-

+
+
+/+/+/-

++
++

+
+

+
+

AMA: Anti-mitochondrial antibody; MELAS: Mitochondrial myopathy,
encephalopathy, lactic acidosis, and stroke-like episodes.

in consideration of her general condition. She died of
severe metabolic disorder due to MELAS 3 mo after discharge.

DISCUSSION
MELAS is a rare type of metabolic disorder causing
multi-organ disorders, such as brain ischemia and the
degeneration of skeletal muscle. MELAS is caused by
mutations in mitochondrial DNA encoding transfer
RNALEU(UUA/UUG) and it is transmitted by maternal inheritance[2,6]. Though MELAS particularly affects the brain,
nervous system and muscles, the occurrence of massive
intestinal necrosis due to MELAS is rare.
Many MELAS symptoms caused by mitochondrial
A4243G mutation are thought to depend on the mutation load and the tissue distribution of abnormal mitochondria[7]. Therefore, an immunohistochemical study
was conducted using AMA, which is a highly sensitive
and specific method for identifying the mitochondria[8],
to investigate the relationship between mucosal necrosis
and the distribution of mitochondria. This method is applied when the distribution of mitochondria cannot be
determined by electron microscopy because the tissue
was fixed for light microscopy, as in the present case[9].
Though an increase in the number of mitochondria
does not always indicate the presence of abnormal mitochondria, an increase in the number of mitochondria
is more likely to be a sign of mitochondrial disease and
aggregation of large mitochondria a characteristic ultrastructural finding in mitochondrial disease[10,11]. The current patient showed a marked expression of AMA in the
crypts, where adjacent villi had almost completely disappeared (Figure 4; Table 1). A marked expression was also
observed in the remaining mucosa in the necrotic area.
No such marked expression was observed in the crypts
of non-necrotic areas in the present case or a necrotic
area in the non-MELAS specimen (Figure 5; Table 1).
These findings suggest that an increase in the number of

Figure 4 Immunohistochemical study. Anti-mitochondrial antibody is markedly expressed in the crypts (arrow) and preserved mucosa (arrow head). Bar =
500 μm.

A

B

C

D

Figure 5 Expression of anti-mitochondrial antibody. A: Necrotic area of the
present patient; B: Non-necrotic area of the present patient; C: Necrotic area of
strangulated small intestine of a non-myopathy, encephalopathy, lactic acidosis,
and stroke-like episodes (MELAS) patient; D: Non-necrotic c area in the strangulated small intestine of a non-MELAS patient. Bar = 500 μm.

surgery. The patient’s condition eventually recovered
along with the restoration of the necrotic mucosa, based
on observations of the oral stoma and thereafter she
was discharged. Home parenteral nutrition was indicated
because intestinal continuity had not been reestablished
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mitochondria, which is likely abnormal, therefore, may
contribute to mucosal necrosis. The mucosa containing
a higher number of abnormal mitochondria may be vulnerable to ischemia.
Microscopic examination revealed vacuolation of the
smooth muscle cells in the small arteries in the current
case (Figure 3). However, there was no narrowing of the
small arteries. An electron microscopic study of cerebral vessels of patients with MELAS showed a striking
increase in the number of mitochondria in the smooth
muscle and endothelial cells causing the vascular changes[12]. The increase is most prominent in arterioles and
small arteries. These MELAS-related vascular changes are
likely to attribute to a decrease in blood flow[5]. Therefore,
the current patient probably experienced transient nonocclusive ischemia, such as a vasospasm that eventually
triggered mucosal necrosis.
In addition to the mucosa, the muscularis mucosa, and
inner circular and external longitudinal layer of the muscularis propria were also affected in the present case. Therefore, MELAS may affect any layer of the small intestine.
In conclusion, the presence of abundant abnormal
mitochondria may be closely linked to necrosis in the
intestinal mucosa, and MELAS-related vascular changes
may therefore be a prerequisite for necrosis.
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CASE REPORT

Newly developed autoimmune cholangitis without
relapse of autoimmune pancreatitis after discontinuing
prednisolone
Ji Hun Kim, Jae Hyuck Chang, Sung Min Nam, Mi Jeong Lee, Il Ho Maeng, Jin Young Park, Yun Sun Im,
Tae Ho Kim, Chang Whan Kim, Sok Won Han
bile duct without pancreatic aggravation. The patient’
s IgG4 level was elevated to 2.51 g/L. Prednisolone
was started again, after which his serum bilirubin level
became normal and the thickening of the bile duct was
resolved. This case suggests that autoimmune pancreatitis can progress to other organs that are not involved
at the initial diagnosis, even with sustained pancreatic
remission.
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Abstract
A 57-year-old man presented with a 2-wk history of
painless jaundice and weight loss. He had a large illdefined enhancing mass-like lesion in the uncinate process of the pancreas with stricture of the distal common
bile duct. Aspiration cytology of the pancreatic mass
demonstrated inflammatory cells without evidence of
malignancy. Total serum immunoglobulin G level was
slightly elevated, but IgG4 level was normal. After the
2-wk 40 mg prednisolone trial, the patient’s symptoms
and bilirubin level improved significantly. A follow-up
computed tomography (CT) scan showed a dramatic
resolution of the pancreatic lesion. A low dose steroid
was continued. After six months he self-discontinued
prednisolone for 3 wk, and was presented with jaundice
again. A CT scan showed newly developed intrahepatic
biliary dilatation and marked concentric wall thickening
of the common hepatic duct and the proximal common
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INTRODUCTION
Autoimmune pancreatitis (AIP) is a type of chronic pancreatitis characterized by an autoimmune inflammatory process in which prominent lymphocyte infiltration
with associated fibrosis of the pancreas leads to organ
dysfunction. Steroids are the first choice of therapy in
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patients with AIP and the response to steroid therapy
is usually dramatic[1]. However, 20% to 60% of patients
with AIP are found to relapse after the initial course of
corticosteroid therapy[2]. The relapse can occur with or
without the involvement of other organs such as the
bile duct, retroperitoneum, kidneys, salivary or lacrimal
gland[3]. However, cholangitis in the proximal extrahepatic bile duct without pancreatic relapse has rarely been
reported. Herein we report a case of newly developed
autoimmune cholangitis in a patient with AIP with sustained pancreatic remission.

A

B

CASE REPORT
A 57-year-old man presenting with painless jaundice and
2 kg weight loss in 2 wk, was admitted to our hospital. He
was an inactive carrier of hepatitis B and his liver function test was within the normal limits at a regular follow
up 6 mo ago. He drank socially and had a 30-pack-year
history of smoking. On physical examination, he was
deeply jaundiced, but other clinical examinations were
unremarkable. Laboratory tests revealed white blood
cell count of 5850/mm3, aspartate aminotransferase 112
U/L, alanine aminotransferase 230 U/L, alkaline phosphatase (ALP) 326 IU/L, gamma-glutamyl transpeptidase
(GGT) 584 U/L, total bilirubin 24.7 mg/dL, amylase 91
U/L and lipase level of 56 IU/L. Abdominal computerized tomography (CT) revealed an ill-defined enhancing
mass-like lesion in the uncinate process of the pancreas
measuring 5.7 cm × 3.2 cm with regional infiltrations and
small amounts of fluid collections around the pancreas
head (Figure 1). Magnetic resonance cholangiopancreatography showed moderate dilation of the intrahepatic
duct and common bile duct (CBD) but the pancreatic
duct was unremarkable (Figure 2A). Endoscopic retrograde cholangiopancreatography revealed a distal biliary
stricture (Figure 2B), and brush cytology demonstrated
no malignant cells. 7-Fr Amsterdam type inside stent was
placed to decompress the biliary system. A subsequent
endoscopic ultrasound (EUS) demonstrated a hypoechoic
lesion located in the head of the pancreas with blurred
delineated margins, which suggested inflammation rather
than malignancy. EUS guided fine needle aspiration
cytology revealed lymphocytes, neutrophils, and irregular sheets of bland ductal epithelial cells lacking atypia
(Figure 3). Serum tumor markers were unremarkable;
carbohydrate antigen 19.9 was 20.36 U/mL (normal < 37
U/mL), and carcino-embryonic antigen was 0.8 ng/mL
(normal < 7.5 ng/mL). Serum immunoglobulin G level
was slightly elevated to 1703 mg/dL (normal < 1600
mg/dL), but serum IgG4 level was 0.41 g/L (normal <
1.21 g/L). In consideration of autoimmune pancreatitis,
we started with 40 mg/d prednisolone orally for 2 wk.
After that, the patient’s symptoms and bilirubin level
improved significantly. A follow-up CT scan showed a
dramatic resolution of the pancreatic lesion. The daily dose
of prednisolone was gradually tapered and 2.5 mg of
prednisolone per day was maintained. The stent in the
CBD was removed two months later. He remained well
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Figure 1 Initial abdominal computed tomography scan revealed an illdefined enhancing mass-like lesion in the uncinate process of the pancreas with a dilatation of common bile duct. A: The uncinate process of the
pancreas (white arrow) measuring 5.7 cm × 3.2 cm with regional infiltrations;
B: In addition to this, there is small amounts of fluid collections around the
pancreas head (white arrows).

A

B

Figure 2 Magentic resonance cholangiopancreatography and endoscopic
retrograde cholangiography. A: Magentic resonance cholangiopancreatography showed moderate dilatation of the intrahepatic and common bile duct.
The distal common bile duct had an abrupt narrowing. The pancreatic duct was
unremarkable; B: Endoscopic retrograde cholangiography revealed a beak
shaped stricture of the distal common bile duct with biliary dilatation above it.

until six months later, when he was readmitted with acute
jaundice after self-discontinuation of prednisolone for 3
wk. The total bilirubin level was elevated to 19.2 mg/dL.
ALP and GGT were 222 IU/L and 447 IU/L, respectively. IgG4 level was also elevated to 2.51 g/L, which
was two times above the upper limit of the normal range.
The following CT scan showed a stricture at the proximal
extrahepatic bile duct and dilation of the intrahepatic bile
duct (Figure 4A). The common hepatic duct and proxi-
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Figure 3 Photomicrograph of cytologic specimen obtained by endoscopic
ultrasound-fine needle aspiration, showing lymphocytes (arrows) and irregular sheets of bland ductal epithelial cells on the bloody background
(hematoxylin and eosin, × 400).

Figure 5 Abdominal computed tomography scan after retreatment with
prednisolone showed resolution of the thickening of the bile duct (white
arrow).

DISCUSSION

A

AIP is a form of chronic pancreatitis of presumed autoi
mmune etiology[1]. It is frequently presented with obstructive jaundice and pancreatic swelling. AIP presents
with lympho-plasmacytic infiltration and fibrosis in the
pancreas and shows a dramatic response to steroids[4].
Lympho-plasmacytic infiltrate in AIP shows abundant
IgG4-positive plasma cells on immunostaining[5]. Elevation of serum IgG4 is the most remarkable characteristic
of this disease. Since AIP can mimic pancreatic cancer,
its diagnosis is important to avoid unnecessary surgery.
The classic appearance of AIP on abdominal CT is sausage-shaped enlargement of the pancreas with a capsulelike rim. However, AIP can be presented as a pancreatic
mass-like lesion, similar to the present case. In such case,
pancreatic cancer should be discriminated from AIP. Serum autoimmune markers are helpful for the diagnosis
of mass forming AIP, but histological diagnosis is necessary to confirm AIP in many cases[1]. Because histological
confirmation of AIP is difficult, ‘‘a 2-wk steroid trial and
subsequent assessment of its response’’ is introduced as
a diagnostic tool in patients whose clinical and laboratory
findings are equivocal for AIP[6]. Our patient showed rapid resolution of the pancreatic mass after treatment with
steroid despite the normal IgG4 level. Since serum IgG4
level was elevated afterward, our case was diagnosed as
type Ⅰ AIP by International Consensus Diagnostic Criteria for AIP[4].
AIP can be associated with sclerosing extrapancreatic
lesions[7]. Because all tissues involved have characteristic
infiltration of IgG4-positive cells, the term “IgG4-associated systemic disease” has been proposed. The most
common sites of extrapancreatic involvement in AIP are
the bile duct, followed by salivary glands, retroperitoneal
fibrosis, orbital pseudotumors, lymphadenopathy, and
renal parenchyma[5,7]. Although the stenosis of the CBD
in the intrapancreatic area usually occurs with AIP, there
are some debates about whether the involvement of only
distal CBD should be included in the category of IgG4associated cholangitis (IAC). Because the narrowing of
the intrapancreatic CBD may merely be a secondary

B

Figure 4 Follow up abdominal computed tomography scan. A: Coronal image revealed a stenosis of the common hepatic and the proximal common bile
duct (white arrow) with significant thickening and inner wall enhancement of the
bile duct; B: There was no pancreatic relapse (white arrow).

mal CBD showed marked concentric wall thickening and
enhancement. However, there was no pancreatic aggravation (Figure 4B). Newly developed autoimmune cholangitis was strongly suspected. He was treated with 40 mg
prednisolone/d for 2 wk, after which serum bilirubin,
ALP, and GGT became normal and the following CT
scan showed resolution of the thickening of the bile duct
(Figure 5). After tapering of the prednisolone, he took 5
mg of prednisolone daily without aggravation of clinical
findings.
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phenomenon from an extrinsic compression owing to
the pancreatic enlargement of AIP, intrapancreatic CBD
involvement is considered as a part of AIP rather than as
a IAC[8]. Our patient had a beak shaped intrapancreatic
CBD stenosis without proximal extrahepatic or intrahepatic biliary involvement at initial presentation. Therefore, IAC was not combined at first.
AIP responds well to steroids. The general initial recommended dose of oral prednisolone for the induction
of remission is 0.6 mg/kg per day for 2-4 wk[9]. Pancreatic size usually normalizes within a few weeks, and biliary drainage becomes unnecessary within about 1 mo.
Rapid response to the steroid confirms the diagnosis of
AIP[10]. Remission of AIP is defined as the disappearance
of clinical symptoms and the resolution of the pancreatic
and/or extrapancreatic manifestations in the imaging
studies. Our patient had a rapid response to the steroid
treatment showing improvements in symptoms, hepatic
biochemistry, biliary stricture, and pancreatic lesion.
Relapse of AIP is defined as reappearance of symptoms such as weight loss, jaundice, or abdominal discomfort and elevation of serum IgG4 concentrations
with reappearance of pancreatic and/or extrapancreatic
abnormalities in the bile duct, salivary gland, or retroperitoneum on imaging studies[3]. The relapse rate after
remission of AIP is variable between 20% and 60%[2,10].
Relapse patterns regarding the pancreas or extrapancreatic lesions have not been established and it is not certain
that the extrapancreatic involvements at the diagnosis is
related to the relapse of AIP. Although initial extrapancreatic involvement was not defined, Kamisawa et al[9]
reported that the relapse of AIP occurred in the pancreas (52%), bile duct (34%) and other lesions (n = 19).
Moreover, Sandanayake et al[11] reported that all relapsed
AIP patients have had extrapancreatic or proximal biliary
strictures at the time of diagnosis. When defining relapse,
authors generally do not distinguish between relapse of
the pancreatic manifestation of IgG4-associated systemic
disease, namely AIP, versus occurrence of the disease in
another organ, either de novo or true relapse of a previously treated disease in that organ[3]. Newly developed
proximal extrahepatic biliary involvement without pancreatic relapse is very rare. One case of hilar and proximal extrahepatic bile duct involvements with sustained
pancreatic remission in a diffuse type AIP patient was reported briefly[12,13]. In our case, the focal enlargement type
AIP relapsed as the proximal extrahepatic biliary stricture
with marked wall thickening and no pancreatic aggravation. The feature of our case is that the serum IgG4 level
was normal at initial diagnosis of AIP, but it was markedly elevated with the relapsed autoimmune cholangitis.
Although it has been reported that the predictors for
relapse of AIP is elevated serum IgG4 levels during remission[10], this case showed that seronegative AIP could
relapse as seropositive autoimmune cholangitis, which

means progression of the autoimmune disease.
In summary, autoimmune pancreatitis may relapse to
other organs as IgG4-associated systemic disease without pancreatic aggravation, even if the organs were not
involved and IgG4 level was normal at initial diagnosis.
Therefore, clinicians should pay close attention to involvement of other organs during follow up of patients
with AIP even with sustained pancreatic remission.
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and the early diagnosis before sepsis signs develop.
Micro-perforation means the puncture of intestine wall
without CT evidence of free air, purulent peritoneum
or abscess. We subsequently reviewed the literature to
support our decision to pursue medical instead of surgical intervention.
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Abstract
Ingested fish bone induced intestinal perforations are
seldom diagnosed preoperatively due to incomplete
patient history taking and difficulties in image evidence
identification. Most literature suggests early surgical
intervention to prevent sepsis and complications resulting from fish bone migrations. We report the case of a
44-year-old man suffered from acute abdomen induced
by a fish bone micro-perforation. The diagnosis was
supported by computed tomography (CT) imaging of
fish bone lodged in distal ileum and a history of fish
ingestion recalled by the patient. Medical treatment
was elected to manage the patient’s condition instead
of surgical intervention. The treatment resulted in a
complete resolution of abdominal pain on hospital day
number 4 without complication. Factors affecting clinical treatment decisions include the nature of microperforation, the patient’s good overall health condition,
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INTRODUCTION
The ingestions of foreign bodies result in gastrointestinal
(GI) perforations in less than 1% of patients. Fish bones
are the most common objects leading to gastrointestinal
perforations[1]. Correct preoperative diagnoses are seldom
made. Few patients can recall the instance of foreign
body ingestions. The most common site of perforation
by fish bones is the distal ileum[2]. Abdominal computed
tomography (CT) examination may provide preoperative
diagnosis of foreign bodies[1,3], but more often, they are
confirmed after diagnostic laparoscopy[4-6]. Most literature
emphasizes early surgical intervention with resection of
the partial bowel, because of high risk of intra-abdominal
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abscess formation and the potential of delayed complications due to fish bone migration[7,8]. We report a case in
which medical treatment was selected, instead of surgical
intervention, for a fish bone-induced micro-perforation
of distal ileum.

CASE REPORT
A 44-year-old man with abdominal pain came to emergency room (ER) at 8 PM. He started to feel abdominal
discomfort 6 h before. He began experiencing severe
sharp abdominal pain with a sudden onset 3 h before.
The pain persisted even after the patient took some antacid drug at home. He recalled that he had dinner with
fish the previous night. He appeared acutely ill without
any vomiting, shortness of breath, diarrhea or fever. At
the time of his arrival in the ER, he was alert and oriented. His blood pressure was 144/86 mmHg, heart rate
72 beats/min, respiratory rate 18 breaths/min, and body
temperature 37.1  ℃. He reported no past history of
hypertension, diabetes or abdominal surgery. The initial
physical examination revealed normal breathing sounds
and regular heart beat without murmur. He had normal
active bowel sounds and diffuse abdominal tenderness
particularly over the right lower quadrant abdomen, coupled with muscle guarding and rebounding pain. Focus
echogram showed no ascites, distended gall bladder with
murphy’s sign on sonography, or hydronephrosis. Radiography of the kidney-ureter-bladder revealed normal
bowel gas without signs of intestinal obstruction or free
air. Serum laboratory examinations showed white blood
cell count of 10  100/μL, neutrophils of 82.2%, lymphocytes of 12.1%, hemoglobin of 14.8 g/dL, and platelet
count of 210  000/μL. Serum biochemistry tests revealed
a glucose level of 121 mg/dL, and aspartate aminotransferase of 27 U/L, cereal third transaminase of 43 U/L,
total bilirubin of 0.5 mg/dL, direct bilirubin of 0.2 mg/
dL, creatinine of 1.3 mg/dL, and Na+/K+ of 145/3.8
mEq/L. After primary ER medical treatment with intravenous tenoxicam 20 mg and buscopan 20 mg, his pain
was localized to the right lower quadrant abdomen, but
rebounding pain was still noted. Abdominal CT revealed
a 26 mm radiopaque linear shadow transversely lodged in
the distal ileum with thickened wall, which is consistent
with signs of fish bone retention. Minimal peritoneal
contamination without pneumoperitoneum or abscess
formation was noted. A normal appendix was identified.
A fish bone-induced micro-perforation in the distal ileum
was highly suspected (Figure 1).
A general surgeon was consulted. The patient and his
families were informed of the indication for surgical intervention and the option of a more conservative medical treatment. Given the nature of micro-perforation, the
patient’s good overall health condition, and the early diagnosis (6 h after symptom onset) before sepsis signs developed, initial medical treatment was elected to manage the
patient’s condition, instead of surgical intervention with
the consent of the patient and his families.
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Figure 1 An unenhanced abdominal computerized tomography image
reveals a 26 mm in length radiopaque linear shadow in the distal ileum
lodged into the thickened intestinal wall at both ends (black arrow).
Minimal peritoneal contamination without pneumoperitoneum, or abscess
formation is noted, which is consistent with signs of fish bone induced microperforation.

Intravenous saline hydration without oral intake, subacillin (ampicillin 2 g + sulbactam 1 g) and SABS (metronidazole) 500 mg were provided at ER. After admission
to the ward, fever was noted up to 38  ℃ in the first 2 d.
Subacillin 1.5 g iv every 8 h was prescribed for 5 d, followed by Soonmelt (amoxicillin 250 mg/clavulanic acid
125 mg) one tablet orally every 8 h for 7 d. During the
first day of admission, the pain score went down from
10 to 3. Rebounding pain and muscle guarding also subsided. However, tenderness over the right lower quadrant
abdomen and the periumbilical area was still noted.
On the fourth day, the patient felt hungry and experienced no more abdominal pain or tenderness. Laboratory
examinations revealed white blood cell (WBC) count of
3700/μL, neutrophils of 49.7%, lymphocytes of 37.3%,
hemoglobin of 14.1 g/dL, platelet count of 227  000/μL
and a C-reactive protein level of 2.97 mg/dL (normal <
0.5 mg/dL). As a result of the improved clinical condition, an oral soft diet was initiated. The patient was tolerant of the soft diet without any deterioration of symptoms. A follow up abdominal CT without contrast, which
revealed the radiopaque linear shadow still lodged in the
same intestinal segment, was performed on the fourth
day. The fish bone rotated and became parallel to the
distal ileum lumen with one end penetrating out the intestinal wall into the mesenteric fat. Minimal local inflammatory infiltration was seen around the protruding part.
No free air or abscess was noted (Figure 2). There was
no surgical intervention because clinical symptoms had
been completely resolved. The patient was discharged on
the sixth day with normal oral intake and stool passage.
At 3- and 6-mo follow-ups with the patient, no recurrent
abdominal pain or complication was noted.

DISCUSSION
Unintentional, unconscious foreign body ingestions in
adults are usually dietary. Nearly two-thirds of foreign
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A

missed, can be seen in retrospect. Goh et al[1] reported
that the sensitivity of a CT scan in the detection of intraabdominal fish bones was 71.4% (5/7) in initial reports.
Gastrointestinal perforation causes considerable mortality and usually requires emergency surgery. Mortality of
secondary peritonitis is still 30% to 50% despite advances
in antibiotics, surgical technique, radiographic imaging,
and resuscitation therapy[7,8]. The reported indications for
surgical intervention are as follows: (1) bowel perforation; (2) peritonitis due to bowel perforation; (3) migration to other organs adjacent to the perforation site; (4)
bleeding or severe inflammation in the abdominal cavity;
(5) penetration of vessels; and (6) abscess formation[24].
Nonsurgical management highly depends on the time of
diagnosis, location and size of the perforation, degree of
contamination, and condition of the patient. Nonsurgical management can be successful in stable patients who
have minimal signs and symptoms of peritonitis and
who have small injuries to the stomach, duodenum, and
retroperitoneal portions of the colon[25]. These locations
offer possible anatomic containment of the perforation
by the retroperitoneal space or omentum. Perforations of
the intra-peritoneal small bowel and colon usually require
surgery, except for micro-perforations. Micro-perforations often cause minimal peritoneal contamination and
can seal spontaneously[25,26]. Micro-perforation means
puncture of intestine wall but no CT evidence of free air,
purulent peritoneum or abscess. Selected colon perforations, such as certain iatrogenic injuries or perforation
secondary to diverticulitis may also be managed nonoperatively. Spontaneously sealed perforations and perforations that are contained with the development of an
associated abscess cavity can often be successfully managed without surgery[27]. An excellent and clinically useful
classification system for diverticular perforations was
developed by Hinchey and colleagues and modified by
others[19,27]. The treatment of gastrointestinal perforation
includes fluid resuscitation, antibiotics, source control,
organ system support, and nutrition. Antibiotics are standard treatment for gastrointestinal perforation[7,8,18,28-30].
Many efficacious regimens have been described, and no
single agent or combination of agents has been found to
be superior to the others[28-32]. We started Subacillin plus
SABS initially at ER. Owing to a good response, we then
shifted to Subacillin only in the ward.
The duration of antibiotic coverage is controversial[28,33]. Some authors advocate a standard treatment of 7
to 14 d, whereas others recommend continuing antibiotics until the WBC count has normalized and the patient
is afebrile[28,30]. Current general consensus advocates antimicrobial therapy for 5 to 7 d if clinical signs of infection have resolved[28,33]. If the patient fails to improve or
worsens during this period, the adequacy of source control or the appropriateness of antibiotic coverage must
be questioned[28]. Our patient responded well to medical
treatment. He was afebrile on the third day. WBC count
had normalized on the fourth day. Clinical signs of infection were resolved after oral intake on the fourth day.

B

Figure 2 Two follow-up unenhanced abdominal computer tomography
images, which reveal the radiopaque shadow still lodged in the intestinal
segment. The fish bone rotates and becomes parallel to the distal ileum lumen.
A: Most of the fish bone is still inside the intestinal lumen (white arrow). One
end of the fish bone penetrates out the intestinal wall into the mesenteric fat; B:
Minimal local inflammatory infiltration contains the protruding part. No free air or
abscess is noted (black arrow). The distance between these two images is 18
mm.

bodies are fish bones[2]. However, most digested foreign
bodies pass through the GI tract within a week, and seldom cause major complications[1,9-12]. The ingestion of
foreign bodies results in gastrointestinal perforations in
less than 1% of patients. Fish bones are the most common objects leading to gastrointestinal perforation[1].
The most common perforation site is the distal ileum[2].
Clinical presentations of GI tract perforation caused by
digested foreign bodies vary from case to case, and can
be acute, subtle, chronic or even asymptomatic[2,13,14]. The
clinical presentations include acute peritonitis, abdominal
wall tumor or abscess[2,15], intra-abdominal mass and abscess formation[2,16]. Patients who experience gastric and
duodenal perforation tend to present with highly acute
pain due to a rapid chemical peritonitis, often followed
by the systemic inflammatory response syndrome, which
can lead to rapid clinical deterioration[8,17,18]. Patients often
recall the exact time of symptom onset. The perforation may progress to an infected peritonitis and sepsis
in untreated patients or in patients who have late-stage
presentations[8]. Colon perforations may present without
immediate perforation-associated pain and tend to have
a slower clinical progression, with the development of a
secondary bacterial peritonitis or localized abscess formation partly due to the relatively neutral and non-erosive
nature of the chemical environment within the colon[19-21].
Because of the variety of clinical manifestations, the correct preoperative diagnosis is seldom made. Goh et al[2]
reported that a correct preoperative diagnosis was made
in only 10 (23%) of 44 patients. Furthermore, only a few
patients can recall foreign body ingestion. In the report
of Goh et al[2], only one (2%) patient provided a definitive
history of foreign body ingestion.
Plain radiographs are usually unhelpful with a sensitivity of 32% for fish bones, which varies according
to species[22,23]. CT scan is preferred and will usually
demonstrate a linear calcified lesion, which if initially
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After 5 d of intravenous Subacillin, the patient received 7
additional days of the oral antibiotic Soonmelt.
We found one recent case report of fish bone induced distal ileum micro-perforation which was spontaneously relieved one day after admission while awaiting
surgical intervention[34]. There were two previous documented cases of hepatic abscess secondary to fish bone
perforation that were successfully treated with medical
therapy, because of contraindication for operation[35,36].
The impacted fish bone remains unchanged in the pylorus. The patient remained asymptomatic during the 18
mo of follow-up.
The clinical improvement is not necessarily a result
of fish bone pass out. Because the fish bone is sharp
and linear, it could penetrate the small intestinal wall and
migrate into the surrounding soft tissue. It may cause delayed complications. Reported complications of migrated
fish bones include retropharyngeal abscesses[37], gastric
submucosal mass[38], inflammatory omentum mass[39],
pancreatitis with intraluminal thrombosis of superior
mesenteric vein due to penetrating into the superior mesenteric vein[40], migration into the right renal vein[41], and
liver abscess[35,36,42-45]. Most complications following foreign body impaction will require surgery at some stage,
even many years after ingestion has occurred[46]. Because
there are vital organs nearby (such as the mediastinum,
great vessel, liver and pancreas), fish bones migrated
from the esophagus, stomach or duodenum may induce
catastrophic complications. It is important to be mindful
of the delayed complications of fish bones migration.
In conclusion, ingestion of foreign bodies is a common event. However, perforation of the GI tract by fish
bones is not common. Key hints for the diagnosis of a
fish bone induced GI tract perforation are the following:
acute onset of peritonitis signs, patient’s dietary history
with an emphasis on fish, and image evidence of abdominal CT. Key factors affecting clinical treatment decisions
include the nature of perforation, the patient’s overall
health condition, and the timing of diagnosis. Medical
treatment may be one of the choices in micro-perforation
of the distal ileum induced by fish bone in select patient.
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Abstract
Peliosis hepatis (PH) is a rare benign condition characterized by the presence of multiple, randomly distributed, blood filled cystic areas of variable size within
the liver parenchyma. PH is difficult to recognize and
may be mistaken for neoplasm, metastases or multiple
abscesses. A 75-year-old female with a previous history of colon cancer was admitted when a liver mass
in the right liver lobe was found 11 mo after surgery
during the follow-up period. Computed tomography
and magnetic resonance imaging scan of the abdomen were performed. The initial possible diagnosis
was metastatic hepatocellular carcinoma. The patient
underwent excision of the hepatic segment where the
nodule was located. The pathological diagnosis of the
surgical specimen was PH. PH should be considered in
the differential diagnosis of new liver lesions in patients
whose clinical settings do not clearly favor metastasization. Clinicians and radiologists must recognize these
lesions to minimize the probability of misdiagnosis and
inappropriate treatment.

INTRODUCTION
Peliosis hepatis (PH) is a rare benign condition characterized by the presence of multiple, randomly distributed,
blood filled cystic areas of variable size within the liver
parenchyma[1]. PH has been associated with malignancies,
immunosuppression, infections and medications. PH is
difficult to recognize, and the diagnosis is often missed
or delayed because its imaging findings are often nonspecific and the condition may be mistaken for neoplasm,
metastases or multiple abscesses. Here, we present a case
of focal PH in a colon cancer patient mistaken for liver
metastases in the initial diagnosis. A review of the literature on PH in relation to etiology and imaging diagnosis
was performed, and the presentation and management of
this rare condition are discussed.

CASE REPORT
A 75-year-old female with a previous history of colon

© 2012 Baishideng. All rights reserved.
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Figure 1 Positron emission tomography plus computed tomography and computed tomography scan findings in our patient. A: Positron emission tomography plus computed tomography (PET/CT) scan showed thickening of the ileocecal region (white arrow), and no liver lesions; B: PET/CT scan showed increased metabolic areas in the ileocecal region (white arrow), no increased metabolic areas in the liver; C: Six months later a follow-up CT scan showed no liver lesions; D: Eleven
months later a follow-up CT scan showed one low-density lesion in the right liver lobe (white arrow).

cancer treated with radical resection, was admitted to
Shanghai East Hospital when a liver mass in the right liver lobe was found 11 mo after surgery during the followup period. The pathological diagnosis of colon cancer
was moderately differentiated adenocarcinoma. After
colon cancer surgery, the patient received a number of
chemotherapeutic protocols including capecitabine (Xeloda) and oxaliplatin. She had a history of type 2 diabetes
for over 20 years. She took gliclazide for the treatment of
diabetes, and glucose was well-controlled. She had no history of viral hepatitis or alcohol abuse.
Laboratory evaluations revealed hemoglobin of 120
g/L, and a normal white cell and platelet count. Prothrombin time, electrolytes, BUN and creatinine were
normal. Liver chemistry revealed aspartate aminotransferase 24 IU/L, alanine aminotransaminase 16 IU/L,
total bilirubin (TB) 10.6 μmol/L, direct bilirubin (DB) 4.5
μmol/L, alkaline phosphatase 97 IU/L, lactate dehydrogenase 184 IU/L and albumin 44 g/L. Hepatitis B virus
examination showed: hepatitis B surface antigen, hepatitis
B e antigen, hepatitis B e antibody negative, hepatitis B
surface antibody, hepatitis B core antibody positive and
HBV DNA < 500 copies/mL. α-fetoprotein was 2.78
ng/mL, carcinoembryonic antigen (CEA) 3.32 ng/mL,
CA125 24.50 U/mL, CA153 12.29 U/mL, CA199 52.49
U/mL, and CA724 1.24 U/mL. Thyroid function tests
were normal. Human immunodeficiency virus was negative.
CT and magnetic resonance imaging (MRI) scan of
the abdomen were performed. Plain CT scan at the level
of the upper abdomen (Figure 1D) showed the presence
of one hypodense lesion in the right liver lobe, which was
not present on a previous positron emission tomography
and computed tomography (PET/CT) or CT scan per-
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formed 11 mo previously (Figure 1A-C).
MRI T1-weighted images (Figure 2A) of the upper
abdomen showed that the hepatic lesion demonstrated
low signal intensity compared with adjacent liver tissue,
while on T2-weighted images (Figure 2B) hyperintense
signal intensity was observed. Following administration
of gadolinium contrast medium (Figure 2C) the mass remained unenhanced. During the portal (Figure 2D), and
delayed (Figure 2E) phases, the lesion displayed peripheral enhancement with a centripetal progression.
Because the patient had a history of colon cancer, the
initial diagnosis was possible metastatic hepatocellular
carcinoma. After informed consent was obtained, the
patient underwent excision of hepatic segment Ⅶ, where
the nodule was located. The pathological diagnosis of the
surgical specimen was PH (Figure 3). The patient had an
uneventful postoperative recovery without complications,
and was discharged one week after surgery.

DISCUSSION
PH was first reported in the German literature in 1861
by Wagner, and named by Schoenlank in 1916. The first
description in the English literature was in 1950 by Zak[2].
Although the exact origins of this disorder are unknown,
PH has been associated with the prolonged use of a
number of drugs and infectious causes such as Bartonella
henselae[3], tuberculosis, acquired immunodeficiency syndrome[4], gummatous syphilis[5] and several debilitating
illnesses such as hematological malignancies[6]. In this
case, PH was found during the follow-up period after
capecitabine and oxaliplatin treatment which suggests
that chemotherapy could be responsible for the development of PH. Drugs reported to be associated with PH
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Figure 2 Magnetic resonance imaging scan findings in our patient. A: On T1-weighted images, the hepatic lesion shows low signal intensity; B: On T2-weighted
images, the lesion shows hyperintense signal intensity; C: In the arterial phase, the lesion remains unenhanced; D, E: During the portal and delayed phases, the lesion displays peripheral enhancement with a centripetal progression. L: Left; A: Ahead.

include thiopurine[7,8], azathioprine[9], 6-thioguanine[10],
tamoxifen[11], androgen[12], oral contraceptives, diethylstilbestrol and toxin (e.g., polyvinyl chloride, arsenic, thorium oxide) exposure[13]. To our knowledge, PH associated
with capecitabine and oxaliplatin treatment has not been
reported.
The clinical presentation and laboratory data in patients with PH are non-specific. Its clinical presentation
is variable, ranging from asymptomatic cases discovered
at autopsy to progressive cases with cholestasis, liver failure, portal hypertension or even spontaneous rupture[14].
Death may result from hepatic failure or intraperitoneal
hemorrhage. PH regresses after drug withdrawal, cessation of steroid therapy, or resolution of an associated
infectious disease. Its variable clinical presentation makes
the correct diagnosis of PH important, because misdiagnosis could lead to inappropriate treatment in asymptomatic cases, and in advanced cases could lead to progres-

WJG|www.wjgnet.com

sion and a fatal outcome if appropriate treatment is not
given. Cohen et al[15] reported a case of PH simulating a
hepatic abscess both clinically and radiographically in a
patient with sepsis. CT-guided drainage of the presumed
liver abscess led to a fatal outcome.
The definitive diagnosis of PH is by histology. A
percutaneous needle biopsy can also be used to confirm
the diagnosis. However, even when ultrasound-guided,
the procedure has a high risk of life-threatening hemorrhage[16]. The imaging appearance of PH is difficult to
differentiate from multiple abscesses, adenoma, focal
nodular hyperplasia, hemangiomatosis, and metastases.
CT findings of PH have been reported to display early
globular enhancement centrally with centrifugal progression and eventual homogenous enhancement on the
delayed phase[17]. Wannesson et al[18] reported CT findings
in a case of PH which displayed peripheral enhancement with a centripetal progression between the arte-
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Figure 3 Photomicrograph of a liver section from our case showing
variable-sized, blood-filled cystic spaces (hematoxylin and eosin, 200 ×).

8
9

rial and portal phases. Iannaccone et al[13] reported PH
lesions with typical centrifugal progression of contrast
enhancement, however, centripetal enhancement can also
be observed. The enhancement pattern of PH varies
depending on the freshness of the blood filling the peliotic cavities. Fresh circulating blood within the peliotic
cavities is associated with marked enhancement, whereas
retention of old blood is associated with mild or no enhancement[19]. Characteristic MRI findings of PH include
T1 hypointense and T2 hyperintense lesions, which show
early peripheral and late diffuse contrast enhancement
on dynamic imaging. Additionally, several T1 and T2 hyperintense hemorrhagic lesions may be detected due to
hemorrhage[20].
There is no specific treatment for PH. Treatment is
primarily symptomatic and includes discontinuation of
offending medications, partial hepatectomy or transarterial embolization[21] due to liver rupture causing intraabdominal bleeding, or occasionally liver transplantation[22]
in patients with irreversible liver insufficiency.
In our case, points supporting metastatic liver cancer
were: (1) a new liver lesion on follow-up; (2) a history
of colon cancer; and (3) MRI imaging compatible with a
metastasis. Points not supporting metastatic liver cancer
were: (1) the presence of just one lesion; and (2) normal
CEA level. An uncertain diagnosis in this situation led to
antitumor therapies.
In conclusion, it is likely that PH is underdiagnosed
in radiologic studies. PH should be considered in the differential diagnosis of new liver lesions in patients whose
clinical settings do not clearly favor metastasization. Clinicians and radiologists must recognize these lesions to
minimize the probability of misdiagnosis and inappropriate treatment.
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TO THE EDITOR
Small-bowel capsule endoscopy (SBCE) is likely one of
the safest procedures in every day gastroenterology practice. Aside acute small-bowel obstruction from retained
capsules[1,2], aspiration of capsule endoscopes has also
been reported[3-5]. Albeit rare -and likely associated with
spontaneous resolution-, capsule aspiration is a potentially life-threatening complication and a single fatality has
been reported to date[6].
We have previously noted that the MiroCam® SBCE
system (IntroMedic®Co, Seoul, Korea) has a theoretical
advantage, over other SBCE systems, of being smaller in
size (11 mm × 24 mm), as well as lighter (3.25 g)[5,7]. The
fact that to date there are no reported cases of tracheal
aspiration involving MiroCam® capsules concurs to this.
Conversely, PillCam® is 10.8 mm × 26 mm and weighs
3.45 g. Furthermore, the 2 capsule systems have different
centre of gravity and that may have some role in determining the direction of propagation in the small-bowel[7].
The transmission of oesophageal images though may
vary between different SBCE models and it is our experience that it fails more frequently with MiroCam®. In our
hospital, a tertiary-care referral centre for capsule endoscopy for the East of Scotland, we have simultaneously
operated two SBCE systems (MiroCam® and PillCam®SB,
Given®Imaging Ltd, Yokneam, Israel) since May 2009[8].
We retrospectively reviewed the last 100 examinations
performed with each SBCE system in order to check the
performance of the 2 systems in capturing images of

Abstract
Transmission of oesophageal images may vary between
different small-bowel capsule endoscopy models. A retrospective review of 100 examinations performed with
2 different Small-bowel capsule endoscopy (SBCE) sys®
®
tems (PillCam and MiroCam ) was performed. The oral
cavity/aero-digestive tract (i.e., tongue, uvula and/or
epiglottis) was captured/identified in almost all (99%)
®
®
of PillCam videos but in none of MiroCam cases, P <
0.0001. Furthermore, oesophageal images (i.e., from
the upper oesophageal sphincter to the Z-line were cap®
tured in 99% of PillCam videos (mean ± SD, 60.5 ±
334.1 frames, range: 0-3329 frames) and in 66% of Mi®
roCam cases (mean ± SD, 11.1 ± 46.5 frames, range:
0-382 frames), P < 0.0001. The Z-line was identified
®
®
in 42% of PillCam videos and 17% of MiroCam , P =
0.0002. This information might be useful when performing SBCE in patients with high risks for aspiration.
© 2012 Baishideng. All rights reserved.
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the upper most part of the gastrointestinal (GI) tract.
Procedures involving endoscopic capsule placement (n =
2) and those where a capsule stayed for > 30 min in the
oesophagus were excluded (one for each SBCE system).
MiroCam® was used in 51 males/49 females (age: 55.3 ±
16.9 years) with the following indications: suspected/established Crohn’s disease: 25; overt/occult GI bleeding:
64; other indication/s: 11. PillCam® was used in 34 M/66
F (age: 56.3 ± 14.9 years) of which, 32 had suspected/
established Crohn’s disease, 62 overt/occult GI bleeding
and 6 other indication/s.
A single, experienced capsule endoscopist (> 1000
SBCE reviews) re-evaluated the SBCE videos for confirmation of capture of oropharyngeal images, number of
oesophageal frames and detection of Z-line. Any frame
that included a part of Z-line, was calculated as positive
for the latter. The Fisher’s exact test, mean ± SD were
used; P values of < 0.05 are considered statistically significant. All analyses were performed with GraphPad InStat
(GraphPad Software, Inc, La Jolla, United States).
Interestingly, the oral cavity/aero-digestive tract (i.e.,
tongue, uvula and/or epiglottis) was captured/identified
in almost all (99%) of PillCam® videos but in none of
MiroCam® cases, P < 0.0001.
Furthermore, oesophageal images (i.e., from the upper oesophageal sphincter to the Z-line were captured
in 99% of PillCam® videos (mean ± SD, 60.5 ± 334.1
frames, range: 0-3329 frames) and in 66% of MiroCam® cases (mean ± SD, 11.1 ± 46.5 frames, range: 0-382 frames),
P < 0.0001. The Z-line was identified in 42% of PillCam
®
videos and 17% of MiroCam®, P = 0.0002. MiroCam®
uses electric field propagation rather than radiofrequency,
with a single skin electrode, two external contact plates
on the capsule and the body as a conductor for signal
transmission[9]. This effectively means that a water interface would offer a better conductive surface area and it
might explain the scarcity of images from the higher part
of the GI tract and -potentially- the lack of documentation of a capsule aspiration.
In a recent retrospective study, Hong et al[10] compared
the diagnostic yield of MiroCam® and PillCam® SB capsules using the detection rates of the Z-line and the duodenal ampulla in a cohort of 141 individuals who under-

went SBCE for various clinical indications. In this cohort,
the Z-line was detected in 36.9% of PillCam® videos and
47.7% of MiroCam® examinations (P = 0.227).
It is useful to remember that the advent of real-time
viewers allows us to follow the procedure from the very
first steps of capsule ingestion, providing of course that
images are captured during this phase. This may have
clinical implications, especially when the procedure is
performed in unfit, elderly patients or individuals with
known swallowing difficulties, since a number of capsule
aspiration cases are relatively asymptomatic[4,5].
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the lead investigator’s national standard. If doubt exists whether
the research was conducted in accordance with the above standards, the authors must explain the rationale for their approach
and demonstrate that the institutional review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.
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Biostatistical editing
Statistical review is performed after peer review. We invite an expert in Biomedical Statistics to evaluate the statistical method used
in the paper, including t-test (group or paired comparisons), chisquared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
etc. The reviewing points include: (1) Statistical methods should
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of the version to be published. Authors should meet conditions 1,
2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online. For assistance, authors encountering problems with the Online Submission System may send an email describing the problem to wjg@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g. Telephone: +86-10-59080039 Fax: +86-10-85381893
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis
and interpretation of data; (2) drafting the article or revising it
critically for important intellectual content; and (3) final approval
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Text
For articles of these sections, original articles and brief articles, the main text should be structured into the following sections: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm.

cording to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability[1,2]”. If references are cited
directly in the text, they should be put together within the text, for
example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself.
File names should identify the figure and panel. Avoid layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the printed and E-versions.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be
used in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.
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Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).

Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic
numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
Examples for paper writing
Editorial: http://www.wjgnet.com/1007-9327/g_info_20100315
220036.htm
Frontier: http://www.wjgnet.com/1007-9327/g_info_20100315
220305.htm
Topic highlight: http://www.wjgnet.com/1007-9327/g_info_20
100315220601.htm
Observation: http://www.wjgnet.com/1007-9327/g_info_201003
12232427.htm
Guidelines for basic research: http://www.wjgnet.com/1007-93
27/g_info_20100315220730.htm
Guidelines for clinical practice: http://www.wjgnet.com/10079327/g_info_20100315221301.htm
Review: http://www.wjgnet.com/1007-9327/g_info_20100315
221554.htm
Original articles: http://www.wjgnet.com/1007-9327/g_info_20
100315221814.htm

Statistical data
Write as mean ± SD or mean ± SE.
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Case report: http://www.wjgnet.com/1007-9327/g_info_2010
0315221946.htm

com/1007-9327/g_info_20100315222607.htm.
Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Letters to the editor: http://www.wjgnet.com/1007-9327/g_info_
20100315222254.htm
Book reviews: http://www.wjgnet.com/1007-9327/g_info_2010
0312231947.htm

Links to documents related to the manuscript
WJG will be initiating a platform to promote dynamic interactions between the editors, peer reviewers, readers and authors.
After a manuscript is published online, links to the PDF version
of the submitted manuscript, the peer-reviewers’ report and the
revised manuscript will be put on-line. Readers can make comments on the peer reviewer’s report, authors’ responses to peer
reviewers, and the revised manuscript. We hope that authors will
benefit from this feedback and be able to revise the manuscript
accordingly in a timely manner.

Guidelines: http://www.wjgnet.com/1007-9327/g_info_2010
0312232134.htm

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade B certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

Science news releases
Authors of accepted original articles are suggested to write science
news to promote their articles. The news will be released rapidly at
EurekAlert/AAAS (http://www.eurekalert.org). The title for science news should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news should be lawful, ethical, and strictly based on your original
content with an attractive title and interesting pictures.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A or B.

Publication fee
WJG is an international, peer-reviewed, Open-Access, online journal. Articles published by this journal are distributed under the
terms of the Creative Commons Attribution Non-commercial
License, which permits use, distribution, and reproduction in any
medium, provided the original work is properly cited, the use is
non commercial and is otherwise in compliance with the license.
Authors of accepted articles must pay a publication fee. The
related standards are as follows. Publication fee: 1365 USD per
article. Editorial, topic highlights, book reviews and letters to the
editor are published free of charge.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
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Robert JL Fraser, Daw Park

Austria
Wolfgang Mikulits, Vienna
Alfred Gangl, Vienna
Dietmar Öfner, Salzburg
Georg Roth, Vienna
Herwig R Cerwenka, Graz
Ashraf Dahaba, Graz
Markus Raderer, Vienna
Alexander M Hirschl, Wien
Thomas Wild, Kapellerfeld
Peter Ferenci, Vienna
Valentin Fuhrmann, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Michael Trauner, Vienna
Stefan Riss, Vienna

Paolo R Salvalaggio, Sao Paulo
Ana Cristina Simões e Silva, Belo Horizonte
Joao Batista Teixeira Rocha, Santa Maria

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Zahariy Krastev, Sofia
Mihaela Petrova, Sofia

Canada
Eldon Shaffer, Calgary
Nathalie Perreault, Sherbrooke
Philip H Gordon, Montreal
Ram Prakash Galwa, Ottawa
Baljinder Singh Salh, Vancouver
Claudia Zwingmann, Montreal
Alain Bitton, Montreal
Pingchang Yang, Hamilton
Michael F Byrne,Vancouver
Andrew L Mason, Alberta
John K Marshall, Hamilton Ontario
Kostas Pantopoulos, Montreal
Waliul Khan, Ontario
Eric M Yoshida, Vancouver
Geoffrey C Nguyen, Toronto
Devendra K Amre, Montreal
Tedros Bezabeh, Winnipeg
Wangxue Chen, Ottawa
Qiang Liu, Saskatoon

Belgium

Brazil
Heitor Rosa, Goiania
Roberto J Carvalho-Filho, Sao Paulo
Damiao Carlos Moraes Santos, Rio de Janeiro
Marcelo Lima Ribeiro, Braganca Paulista
Eduardo Garcia Vilela, Belo Horizonte
Jaime Natan Eisig, São Paulo
Andre Castro Lyra, Salvador
José Liberato Ferreira Caboclo, Brazil
Yukie Sato-Kuwabara, São Paulo
Raquel Rocha, Salvador
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Colombia
Germán Campuzano-Maya, Medellín

Croatia
Tamara Cacev, Zagreb
Marko Duvnjak, Zagreb

Cuba
Damian C Rodriguez, Havana

Czech
Chile

Rudi Beyaert, Gent
Inge I Depoortere, Leuven
Olivier Detry, Liège
Benedicte Y De Winter, Antwerp
Etienne M Sokal, Brussels
Marc Peeters, De Pintelaan
Eddie Wisse, Keerbergen
Jean-Yves L Reginster, Liège
Mark De Ridder, Brussel
Freddy Penninckx, Leuven
Kristin Verbeke, Leuven
Lukas Van Oudenhove, Leuven
Leo van Grunsven, Brussels
Philip Meuleman, Ghent

Justin CY Wu, Hong Kong
Nathalie Wong, Hong Kong
Jing Yuan Fang, Shanghai
Yi-Min Mao, Shanghai
Wei-Cheng You, Beijing
Xiang-Dong Wang, Shanghai
Xuan Zhang, Beijing
Zhao-Shen Li, Shanghai
Guang-Wen Cao, Shanghai
En-min Li, Shantou
Yu-Yuan Li, Guangzhou
Fook Hong Ng, Hong Kong
Hsiang-Fu Kung, Hong Kong
Wai Lun Law, Hong Kong
Eric CH Lai, Hong Kong
Jun Yu, Hong Kong
Ze-Guang Han, Shanghai
Bian zhao-xiang, Hong Kong
Wei-Dong Tong, Chongqing

De Aretxabala Xabier, Santiago
Marcelo A Beltran, La Serena
Silvana Zanlungo, Santiago

Milan Jirsa, Praha
Pavel Trunečka, Prague
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Ondrej Slaby, Brno
Radan Bruha, Prague

China
Chi-Hin Cho, Hong Kong
Chun-Qing Zhang, Jinan
Ren Xiang Tan, Nanjing
Fei Li, Beijing
Hui-Jie Bian, Xi'an
Xiao-Peng Zhang, Beijing
Xing-Hua Lu, Beijing
Fu-Sheng Wang, Beijing
An-Gang Yang, Xi’an
Xiao-Ping Chen, Wuhan
Zong-Jie Cui, Beijing
Ming-Liang He, Hong Kong
Yuk-Tong Lee, Hong Kong
Qin Su, Beijing
Jian-Zhong Zhang, Beijing
Paul Kwong-Hang Tam, Hong Kong
Wen-Rong Xu, Zhenjiang
Chun-Yi Hao, Beijing
San-Jun Cai, Shanghai
Simon Law, Hong Kong
Yuk Him Tam, Hong Kong
De-Liang Fu, Shanghai
Eric WC Tse, Hong Kong

II

Denmark
Asbjørn M Drewes, Aalborg
Leif Percival Andersen, Copenhagen
Jan Mollenhauer, Odense C
Morten Frisch, Copenhagen S
Jorgen Rask-Madsen, Skodsborg
Morten Hylander Møller, Holte
Søren Rafaelsen, Vejle
Vibeke Andersen, Aabenraa
Ole Haagen Nielsen, Herlev

Ecuador
Fernando E Sempértegui, Quito

Egypt
Zeinab Nabil Ahmed Said, Cairo
Hussein M Atta, El-Minia
Asmaa Gaber Abdou, Shebein Elkom
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Maha Maher Shehata, Mansoura

Estonia
Riina Salupere, Tartu
Tamara Vorobjova, Tartu

Finland
Saila Kauhanen, Turku
Pauli Antero Puolakkainen, Turku
Minna Nyström, Helsinki
Juhani Sand, Tampere
Jukka-Pekka Mecklin, Jyvaskyla
Lea Veijola, Helsinki
Kaija-Leena Kolho, Helsinki
Thomas Kietzmann, Oulu

France
Boris Guiu, Dijon
Baumert F Thomas, Strasbourg
Alain L Servin, Châtenay-Malabry
Patrick Marcellin, Paris
Jean-Jacques Tuech, Rouen
Francoise L Fabiani, Angers
Jean-Luc Faucheron, Grenoble
Philippe Lehours, Bordeaux
Stephane Supiot, Nantes
Lionel Bueno, Toulouse
Flavio Maina, Marseille
Paul Hofman, Nice
Abdel-Majid Khatib, Paris
Annie Schmid-Alliana, Nice cedex 3
Frank Zerbib, Bordeaux Cedex
Rene Gerolami Santandera, Marseille
Sabine Colnot, Paris
Catherine Daniel, Lille Cedex
Thabut Dominique, Paris
Laurent Huwart, Paris
Alain Braillon, Amiens
Bruno Bonaz, Grenoble
Evelyne Schvoerer, Strasbourg
M Coeffier, Rouen
Mathias Chamaillard, Lille
Hang Nguyen, Clermont-Ferrand
Veronique Vitton, Marseille
Alexis Desmoulière, Limoges
Juan Iovanna, Marseille

Germany
Hans L Tillmann, Leipzig
Stefan Kubicka, Hannover
Elke Cario, Essen
Hans Scherubl, Berlin
Harald F Teutsch, Ulm
Peter Konturek, Erlangen
Thilo Hackert, Heidelberg
Jurgen M Stein, Frankfurt
Andrej Khandoga, Munich
Karsten Schulmann, Bochum
Jutta Elisabeth Lüttges, Riegelsberg
Wolfgang Hagmann, Heidelberg
Hubert Blum, Freiburg
Thomas Bock, Berlin
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Christa Buechler, Regensburg
Christoph F Dietrich, Bad Mergentheim
Ulrich R Fölsch, Kiel
Nikolaus Gassler, Aachen
Markus Gerhard, Munich
Dieter Glebe, Giessen
Klaus R Herrlinger, Stuttgart
Eberhard Hildt, Berlin
Joerg C Hoffmann, Ludwigshafen
Joachim Labenz, Siegen
Peter Malfertheiner, Magdeburg
Sabine Mihm, Göttingen
Markus Reiser, Bochum
Steffen Rickes, Magdeburg
Andreas G Schreyer, Regensburg
Henning Schulze-Bergkamen, Heidelberg
Ulrike S Stein, Berlin
Wolfgang R Stremmel, Heidelberg
Fritz von Weizsäcker, Berlin
Stefan Wirth, Wuppertal
Dean Bogoevski, Hamburg
Bruno Christ, Halle/Saale
Peter N Meier, Hannover
Stephan Johannes Ott, Kiel
Arndt Vogel, Hannover
Dirk Haller, Freising
Jens Standop, Bonn
Jonas Mudter, Erlangen
Jürgen Büning, Lübeck
Matthias Ocker, Erlangen
Joerg Trojan, Frankfurt
Christian Trautwein, Aachen
Jorg Kleeff, Munich
Christian Rust, Munich
Claus Hellerbrand, Regensburg
Elke Roeb, Giessen
Erwin Biecker, Siegburg
Ingmar Königsrainer, Tübingen
Jürgen Borlak, Hannover
Axel M Gressner, Aachen
Oliver Mann, Hamburg
Marty Zdichavsky, Tübingen
Christoph Reichel, Bad Brückenau
Nils Habbe, Marburg
Thomas Wex, Magdeburg
Frank Ulrich Weiss, Greifswald
Manfred V Singer, Mannheim
Martin K Schilling, Homburg
Philip D Hard, Giessen
Michael Linnebacher, Rostock
Ralph Graeser, Freiburg
Rene Schmidt, Freiburg
Robert Obermaier, Freiburg
Sebastian Mueller, Heidelberg
Andrea Hille, Goettingen
Klaus Mönkemüller, Bottrop
Elfriede Bollschweiler, Köln
Siegfried Wagner, Deggendorf
Dieter Schilling, Mannheim
Joerg F Schlaak, Essen
Michael Keese, Frankfurt
Robert Grützmann, Dresden
Ali Canbay, Essen
Dirk Domagk, Muenster
Jens Hoeppner, Freiburg
Frank Tacke, Aachen
Patrick Michl, Marburg
Alfred A Königsrainer, Tübingen
Kilian Weigand, Heidelberg
Mohamed Hassan, Duesseldorf
Gustav Paumgartner, Munich

III

Philipe N Khalil, Munich
Martin Storr, Munich

Greece
Andreas Larentzakis, Athens
Tsianos Epameinondas, Ioannina
Elias A Kouroumalis, Heraklion
Helen Christopoulou-Aletra, Thessaloniki
George Papatheodoridis, Athens
Ioannis Kanellos, Thessaloniki
Michael Koutsilieris, Athens
T Choli-Papadopoulou, Thessaloniki
Emanuel K Manesis, Athens
Evangelos Tsiambas, Ag Paraskevi Attiki
Konstantinos Mimidis, Alexandroupolis
Spilios Manolakopoulos, Athens
Spiros Sgouros, Athens
Ioannis E Koutroubakis, Heraklion
Stefanos Karagiannis, Athens
Spiros Ladas, Athens
Elena Vezali, Athens
Dina G Tiniakos, Athens
Ekaterini Chatzaki, Alexandroupolis
Dimitrios Roukos, Ioannina
George Sgourakis, Athens
Maroulio Talieri, Athens

Hungary
Peter L Lakatos, Budapest
Yvette Mándi, Szeged
Ferenc Sipos, Budapest
György M Buzás, Budapest
László Czakó, Szeged
Peter Hegyi, Szeged
Zoltan Rakonczay, Szeged
Gyula Farkas, Szeged
Zsuzsa Szondy, Debrecen
Gabor Veres, Budapest
Zsuzsa Schaff, Budapest

India
Philip Abraham, Mumbai
Sri P Misra, Allahabad
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Rakesh Kumar Tandon, New Delhi
Jai Dev Wig, Chandigarh
Uday C Ghoshal, Lucknow
Pramod Kumar Garg, New Delhi
Barjesh Chander Sharma, New Delhi
Gopal Nath, Varanasi
Bhupendra Kumar Jain, Delhi
Devinder Kumar Dhawan, Chandigarh
Ashok Kumar, Lucknow
Benjamin Perakath, Tamil Nadu
Debidas Ghosh, Midnpore
Pankaj Garg, Panchkula
Samiran Nundy, New Delhi
Virendra Singh, Chandigarh
Bikash Medhi, Chandigarh
Radha K Dhiman, Chandigarh
Vandana Panda, Mumbai
Vineet Ahuja, New Delhi
SV Rana, Chandigarh
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Deepak N Amarapurkar, Mumbai
Abhijit Chowdhury, Kolkata
Jasbir Singh, Kurukshetra
B Mittal, Lucknow
Sundeep Singh Saluja, New Delhi
Pradyumna Kumar Mishra, Mumbai
Runu Chakravarty, Kolkata
Nagarajan Perumal, New Delhi

Indonesia
David handojo Muljono, Jakarta
Andi Utama, Tangerang

Iran
Seyed-Moayed Alavian, Tehran
Reza Malekzadeh, Tehran
Peyman Adibi, Isfahan
Alireza Mani, Tehran
Seyed Mohsen Dehghani, Shiraz
Mohammad Abdollahi, Tehran
Majid Assadi, Bushehr
Arezoo Aghakhani, Tehran
Marjan Mohammadi, Tehran
Fariborz Mansour-Ghanaei, Rasht

Ireland
Ross McManus, Dublin
Billy Bourke, Dublin
Catherine Greene, Dublin
Ted Dinan, Cork
Marion Rowland, Dublin

Israel
Abraham R Eliakim, Haifa
Simon Bar-Meir, Tel Hashomer
Ami D Sperber, Beer-Sheva
Boris Kirshtein, Beer Sheva
Mark Pines, Bet Dagan
Menachem Moshkowitz, Tel-Aviv
Ron Shaoul, Haifa
Shmuel Odes, Beer Sheva
Sigal Fishman, Tel Aviv
Alexander Becker, Afula
Assy Nimer, Safed
Eli Magen, Ashdod
Amir Shlomai, Tel-Aviv

Italy
Mauro Bortolotti, Bologna
Gianlorenzo Dionigi, Varese
Fiorucci Stefano, Perugia
Roberto Berni Canani, Naples
Ballarin Roberto, Modena
Bruno Annibale, Roma
Vincenzo Stanghellini, Bologna
Giovanni B Gaeta, Napoli
Claudio Bassi, Verona
Mauro Bernardi, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome
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Dario Conte, Milano
Francesco Costa, Pisa
Giovanni D De Palma, Naples
Giammarco Fava, Ancona
Francesco Feo, Sassari
Edoardo G Giannini, Genoa
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Pietro Invernizzi, Milan
Ezio Laconi, Cagliari
Giuseppe Montalto, Palermo
Giovanni Musso, Torino
Gerardo Nardone, Napoli
Valerio Nobili, Rome
Raffaele Pezzilli, Bologna
Alberto Piperno, Monza
Anna C Piscaglia, Roma
Piero Portincasa, Bari
Giovanni Tarantino, Naples
Cesare Tosetti, Porretta Terme
Alessandra Ferlini, Ferrara
Alessandro Ferrero, Torino
Donato F Altomare, Bari
Giovanni Milito, Rome
Giuseppe Sica, Rome
Guglielmo Borgia, Naples
Giovanni Latella, L'Aquila
Salvatore Auricchio, Naples
Alberto Biondi, Rome
Alberto Tommasini, Trieste
Antonio Basoli, Roma
Giuliana Decorti, Trieste
Marco Silano, Roma
Michele Reni, Milan
Pierpaolo Sileri, Rome
Achille Iolascon, Naples
Alessandro Granito, Bologna
Angelo A Izzo, Naples
Giuseppe Currò, Messina
Pier Mannuccio Mannucci, Milano
Marco Vivarelli, Bologna
Massimo Levrero, Rome
Massimo Rugge, Padova
Paolo Angeli, Padova
Silvio Danese, Milano
Antonello Trecca, Rome
Antonio Gasbarrini, Rome
Cesare Ruffolo, Treviso
Massimo Falconi, Verona
Fausto Catena, Bologna
Francesco Manguso, Napoli
Giancarlo Mansueto, Verona
Luca Morelli, Trento
Marco Scarpa, Padova
Mario M D'Elios, Florence
Francesco Luzza, Catanzaro
Franco Roviello, Siena
Guido Torzilli, Rozzano Milano
Luca Frulloni, Verona
Lucia Malaguarnera, Catania
Lucia Ricci Vitiani, Rome
Mara Massimi, L'Aquila
Mario Pescatori, Rome
Mario Rizzetto, Torino
Mirko D’Onofrio, Verona
Nadia Peparini, Rome
Paola De Nardi, Milan
Paolo Aurello, Rome
Piero Amodio, Padova
Riccardo Nascimbeni, Brescia

IV

Vincenzo Villanacci, Brescia
Vittorio Ricci, Pavia
Silvia Fargion, Milan
Luigi Bonavina, Milano
Oliviero Riggio, Rome
Fabio Pace, Milano
Gabrio Bassotti, Perugia
Giulio Marchesini, Bologna
Roberto de Franchis, Milano
Giovanni Monteleone, Rome
C armelo Scarpignato, Parma
Luca VC Valenti, Milan
Urgesi Riccardo, Rome
Marcello Persico, Naples
Antonio Moschetta, Bari
Luigi Muratori, Bologna
Angelo Zullo, Roma
Vito Annese, Florence
Simone Lanini, Rome
Alessandro Grasso, Savona
Giovanni Targher, Verona
Domenico Girelli, Verona
Alessandro Cucchetti, Bologna
Fabio Marra, Florence
Michele Milella, Rome
Francesco Franceschi, Rome
Giuseppina De Petro, Brescia
Salvatore Leonardi, Catania
Cristiano Simone, Santa Maria Imbaro
Bernardino Rampone, Salerno
Francesco Crea, Pisa
Walter Fries, Messina
Antonio Craxì, Palermo
Gerardo Rosati, Potenza
Mario Guslandi, Milano
Gianluigi Giannelli, Bari
Paola Loria, Modena
Paolo Sorrentino, Avellino
Armando Santoro, Rozzano
Gabriele Grassi, Trieste
Antonio Orlacchio, Rome

Japan
Tsuneo Kitamura, Chiba
Katsutoshi Yoshizato, Higashihiroshima
Masahiro Arai, Tokyo
Shinji Tanaka, Hiroshima
Keiji Hirata, Kitakyushu
Yoshio Shirai, Niigata
Susumu Ohmada, Maebashi
Kenichi Ikejima, Tokyo
Masatoshi Kudo, Osaka
Yoshiaki Murakami, Hiroshima
Masahiro Tajika, Nagoya
Kentaro Yoshika, Toyoake
Kyoichi Adachi, Izumo
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Hitoshi Asakura, Tokyo
Mitsuhiro Fujishiro, Tokyo
Toru Hiyama, Higashihiroshima
Yutaka Inagaki, Kanagawa
Hiromi Ishibashi, Nagasaki
Shunji Ishihara, Izumo
Toru Ishikawa, Niigata
Yoshiaki Iwasaki, Okayama
Terumi Kamisawa, Tokyo
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Norihiro Kokudo, Tokyo
Shin Maeda, Tokyo
Yasushi Matsuzaki, Ibaraki
Kenji Miki, Tokyo
Hiroto Miwa, Hyogo
Yoshiharu Motoo, Kanazawa
Kunihiko Murase, Tusima
Atsushi Nakajima, Yokohama
Yuji Naito,
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Mikio Nishioka, Niihama
Hirohide Ohnishi, Akita
Kazuichi Okazaki, Osaka
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo
Yasushi Sano, Kobe
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Toyama
Shinji Shimoda, Fukuoka
Masayuki Sho, Nara
Hidekazu Suzuki, Tokyo
Shinji Togo, Yokohama
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Akihito Nagahara, Tokyo
Hiroaki Takeuchi, Kochi
Keiji Ogura, Tokyo
Kotaro Miyake, Tokushima
Mitsunori Yamakawa, Yamagata
Naoaki Sakata, Sendai
Naoya Kato, Tokyo
Satoshi Mamori, Hyogo
Shogo Kikuchi, Aichi
Shoichiro Sumi, Kyoto
Susumu Ikehara, Osaka
Taketo Yamaguchi, Chiba
Tokihiko Sawada, Tochigi
Tomoharu Yoshizumi, Fukuoka
Toshiyuki Ishiwata, Tokyo
Yasuhiro Fujino, Akashi
Yasuhiro Koga, Isehara city
Yoshihisa Takahashi, Tokyo
Yoshitaka Takuma, Okayama
Yutaka Yata, Maebashi-city
Itaru Endo, Yokohama
Kazuo Chijiiwa, Miyazaki
Kouhei Fukushima, Sendai
Masahiro Iizuka, Akita
Mitsuyoshi Urashima, Tokyo
Munechika Enjoji, Fukuoka
Takashi Kojima, Sapporo
Takumi Kawaguchi, Kurume
Yoshiyuki Ueno, Sendai
Yuichiro Eguchi, Saga
Akihiro Tamori, Osaka
Atsushi Masamune, Sendai
Atsushi Tanaka, Tokyo
Hitoshi Tsuda, Tokyo
Takashi Kobayashi, Tokyo
Akimasa Nakao, Nagogya
Hiroyuki Uehara, Osaka
Masahito Uemura, Kashihara
Satoshi Tanno, Sapporo
Toshinari Takamura, Kanazawa
Yohei Kida, Kainan
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Masanori Hatakeyama, Tokyo
Satoru Kakizaki, Gunma
Shuhei Nishiguchi, Hyogo
Yuichi Yoshida, Osaka
Manabu Morimoto, Japan
Mototsugu Kato, Sapporo
Naoki Ishii, Tokyo
Noriko Nakajima, Tokyo
Nobuhiro Ohkohchi, Tsukuba
Takanori Kanai, Tokyo
Kenichi Goda, Tokyo
Mitsugi Shimoda, Mibu
Zenichi Morise, Nagoya
Hitoshi Yoshiji, Kashihara
Takahiro Nakazawa, Nagoya
Utaroh Motosugi, Yamanashi
Nobuyuki Matsuhashi, Tokyo
Yasuhiro Kodera, Nagoya
Takayoshi Ito, Tokyo
Yasuhito Tanaka, Nagoya
Haruhiko Sugimura, Hamamatsu
Hiroki Yamaue, Wakayama
Masao Ichinose, Wakayama
Takaaki Arigami, Kagoshima
Nobuhiro Zaima, Nara
Naoki Tanaka, Matsumoto
Satoru Motoyama, Akita
Tomoyuki Shibata, Toyoake
Tatsuya Ide, Kurume
Tsutomu Fujii, Nagoya
Osamu Kanauchi, Toky
Atsushi Irisawa, Aizuwakamatsu
Hikaru Nagahara, Tokyo
Keiji Hanada, Onomichi
Keiichi Mitsuyama, Fukuoka
Shin Maeda, Yokohama
Takuya Watanabe, Niigata
Toshihiro Mitaka, Sapporo
Yoshiki Murakami, Kyoto
Tadashi Shimoyama, Hirosaki

Jordan
Ismail Matalka, Irbid
Khaled Jadallah, Irbid

Kuwait
Islam Khan, Safat

Lebanon
Bassam N Abboud, Beirut
Rami Moucari, Beirut
Ala I Sharara, Beirut
Rita Slim, Beirut

Lithuania
Giedrius Barauskas, Kaunas
Limas Kupcinskas, Kaunas

Malaysia
Andrew Seng Boon Chua, Ipoh



Mexico
Saúl Villa-Trevio, México
Omar Vergara-Fernandez, Mexico
Diego Garcia-Compean, Monterrey
Arturo Panduro, Jalisco
Miguel Angel Mercado, Distrito Federal
Richard A Awad, Mexico
Aldo Torre Delgadillo, México
Paulino Martínez Hernández Magro, Celaya
Carlos A Aguilar-Salinas, Mexico
Jesus K Yamamoto-Furusho, Mexico

Morocco
Samir Ahboucha, Khouribga

Moldova
Igor Mishin, Kishinev

Netherlands
Ulrich Beuers, Amsterdam
Albert Frederik Pull ter Gunne, Tilburg
Jantine van Baal, Heidelberglaan
Wendy Wilhelmina Johanna de Leng, Utrecht
Gerrit A Meijer, Amsterdam
Lee Bouwman, Leiden
J Bart A Crusius, Amsterdam
Frank Hoentjen, Haarlem
Servaas Morré, Amsterdam
Chris JJ Mulder, Amsterdam
Paul E Sijens, Groningen
Karel van Erpecum, Utrecht
BW Marcel Spanier, Arnhem
Misha Luyer, Sittard
Pieter JF de Jonge, Rotterdam
Robert Christiaan Verdonk, Groningen
John Plukker, Groningen
Maarten Tushuizen, Amsterdam
Wouter de Herder, Rotterdam
Erwin G Zoetendal, Wageningen
Robert J de Knegt, Rotterdam
Albert J Bredenoord, Nieuwegein
Annemarie de Vries, Rotterdam
Astrid van der Velde, Ede
Lodewijk AA Brosens, Utrecht
James CH Hardwick, Leiden
Loes van Keimpema, Nijmegen
WJ de Jonge, Amsterdam
Zuzana Zelinkova, Rotterdam
LN van Steenbergen, Eindhoven
Frank G Schaap, Amsterdam
Jeroen Maljaars, Leiden

New Zealand
A�������������
ndrew S Day, Christchurch
Max S Petrov, Auckland

Norway
Espen Melum, Oslo
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Trine Olsen, Tromsø
Eyvind J Paulssen, Tromsø
Rasmus Goll, Tromsø
Asle W Medhus, Oslo
Jon Arne Søreide, Stavanger
Kjetil Soreide, Stavanger
Reidar Fossmark, Trondheim
Trond Peder Flaten, Trondheim
Olav Dalgard, Oslo
Ole Høie, Arendal
Magdy El-Salhy, Bergen
Jørgen Valeur, Oslo

Singapore
Brian Kim Poh Goh, Singapore
Khek-Yu Ho, Singapore
Fock Kwong Ming, Singapore
Francis Seow-Choen, Singapore
Kok Sun Ho, Singapore
Kong Weng Eu, Singapore
Madhav Bhatia, Singapore
London Lucien Ooi, Singapore
Wei Ning Chen, Singapore
Richie Soong, Singapore
Kok Ann Gwee, Singapore

Pakistan
Shahab Abid, Karachi
Syed MW Jafri, Karachi

Slovenia
Matjaz Homan, Ljubljana

Poland
Beata Jolanta Jablońska, Katowice
Halina Cichoż-Lach, Lublin
Tomasz Brzozowski, Cracow
Hanna Gregorek, Warsaw
Marek Hartleb, Katowice
Stanislaw J Konturek, Krakow
Andrzej Dabrowski, Bialystok
Jan Kulig, Kraków
Julian Swierczynski, Gdansk
Marek Bebenek, Wroclaw
Dariusz M Lebensztejn, Bialystok

Portugal
Ricardo Marcos, Porto
Guida Portela-Gomes, Estoril
Ana Isabel Lopes, Lisboa Codex
Raquel Almeida, Porto
Rui Tato Marinho, Lisbon
Ceu Figueiredo, Porto

Romania
Dan L Dumitrascu, Cluj
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Anca Trifan, Iasi

Russia
Vasiliy I Reshetnyak, Moscow

Saudi Arabia
Ibrahim A Al Mofleh, Riyadh
Abdul-Wahed Meshikhes, Qatif
Faisal Sanai, Riyadh

Serbia
Tamara M Alempijevic, Belgrade
Dusan M Jovanovic, Sremska Kamenica
Zoran Krivokapic, Belgrade
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South Africa
Rosemary Joyce Burnett, Pretoria
Michael Kew, Cape Town
Roland Ndip, Alice

South Korea
Byung Chul Yoo, Seoul
Jae J Kim, Seoul
Jin-Hong Kim, Suwon
Marie Yeo, Suwon
Jeong Min Lee, Seoul
Eun-Yi Moon, Seoul
Joong-Won Park, Goyang
Hoon Jai Chun, Seoul
Myung-Gyu Choi, Seoul
Sang Kil Lee, Seoul
Sang Yeoup Lee, Gyeongsangnam-do
Won Ho Kim, Seoul
Dae-Yeul Yu, Daejeon
Donghee Kim, Seoul
Sang Geon Kim, Seoul
Sun Pyo Hong, Geonggi-do
Sung-Gil Chi, Seoul
Yeun-Jun Chung, Seoul
Ki-Baik Hahm, Incheon
Ji Kon Ryu, Seoul
Kyu Taek Lee, Seoul
Yong Chan Lee, Seoul
Seong Gyu Hwang, Seongnam
Seung Woon Paik, Seoul
Sung Kim, Seoul
Hong Joo Kim, Seoul
Hyoung-Chul Oh, Seoul
Nayoung Kim, Seongnam-si
Sang Hoon Ahn, Seoul
Seon Hahn Kim, Seoul
Si Young Song, Seoul
Young-Hwa Chung, Seoul
Hyo-Cheol Kim, Seoul
Kwang Jae Lee, Swon
Sang Min Park, Seoul
Young Chul Kim, Seoul
Do Hyun Park, Seoul
Dae Won Jun, Seoul
Dong Wan Seo, Seoul
Soon-Sun Hong, Incheon

VI

Hoguen Kim, Seoul
Ho-Young Song, Seoul
Joo-Ho Lee, Seoul
Jung Eun Lee, Seoul
Jong H Moon, Bucheon

Spain
Eva Vaquero, Barcelona
Andres Cardenas, Barcelona
Laureano Fernández-Cruz, Barcelona
Antoni Farré, Spain
Maria-Angeles Aller, Madrid
Raul J Andrade, Málaga
Fernando Azpiroz, Barcelona
Josep M Bordas, Barcelona
Antoni Castells, Barcelona
Vicente Felipo, Valencia
Isabel Fabregat, Barcelona
Angel Lanas, Zaragoza
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Abstract
Advances in molecular cell biology over the last decade have clarified the mechanisms involved in cancer growth, invasion, and metastasis, and enabled
the development of molecular-targeted agents. To
date, sorafenib is the only molecular-targeted agent
whose survival benefit has been demonstrated in two
global phase Ⅲ randomized controlled trials, and has
been approved worldwide. Phase Ⅲ clinical trials of
other molecular targeted agents comparing them with
sorafenib as first-line treatment agents are ongoing.
Those agents target the vascular endothelial growth
factor, platelet-derived growth factor receptors, as well
as target the epidermal growth factor receptor, insulinlike growth factor receptor and mammalian target of
rapamycin, in addition to other molecules targeting
other components of the signal transduction pathways.
In addition, the combination of sorafenib with standard
treatment, such as resection, ablation, transarterial embolization, and hepatic arterial infusion chemotherapy
are ongoing. This review outlines the main pathways
involved in the development and progression of hepatocellular carcinoma and the new agents that target these
pathways. Finally, the current statuses of clinical trials
of new agents or combination therapy with sorafenib
and standard treatment will also be discussed.
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INTRODUCTION
Advances in molecular cell biology over the last decade have clarified the mechanisms involved in cancer
growth, invasion and metastasis, and enabled the development of molecular-targeted agents, best represented
by trastuzumab for breast cancer, imatinib and rituximab
for hematopoietic tumors, and gefitinib and erlotinib for
lung cancer. These molecular-targeted agents are broadly
classified into two categories: drugs targeting cancer cellspecific molecules, and nonspecific molecular-targeted
drugs for molecular biological abnormalities induced
in the host stroma or blood vessels by the presence of
cancer. Examples of the former approach include trastuzumab, which targets human epidermal growth factor
receptor 2 (HER2), the expression of which is a poor
prognostic factor for breast cancer; rituximab, which is
used to treat B-cell lymphoma, targets CD20 expressed
on normal and neoplastic mature B cells; while imatinib
binds to the ATP-binding site of Bcr-abl, a protein that
causes chronic myelogenous leukemia. However, no critical target molecules responsible for treatment response
have been identified in hepatocellular carcinoma (HCC).
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In recent years, clinical trials have been conducted for
many agents that act on growth factor receptors, such
as epidermal growth factor receptor (EGFR) and vascular endothelial growth factor receptor (VEGFR), and
intracellular signaling pathways. In addition, multi-kinase
inhibitors, including sorafenib, have emerged and been
evaluated. Clinical trials are ongoing to compare drugs
with the same mechanism of action and to test the combined efficacy and relative merits of these drugs with existing drugs for many cancers. Since the main treatment
option for metastatic, advanced stage cancers, such as
breast and colorectal cancer, is systemic chemotherapy,
clinical trials are ongoing to investigate how to combine
molecular-targeted agents with standard therapies based
on the results of long-term, large-scale clinical trials, and
to identify which molecular-targeted agents should be
used as initial or second-line therapy.
However, for HCC, background liver damage limits
the indication for systemic chemotherapy and no anticancer drugs were found to be effective in large-scale
randomized controlled trials except sorafenib. Now that
the usefulness of sorafenib has been demonstrated in
two large scale randomized clinical trials, the development of new drugs that are effective for poor-prognosis
advanced HCC, who are resistant to a standard of care
agent, sorafenib.
In this review, the clinical impact of sorafenib and
ongoing trials of new agents or combination trials with
sorafenib will be described.

growth factor (FGF) and the platelet-derived growth
factor (PDGF) family are involved in liver fibrosis and
HCC growth[6-8]. The receptors for these growth factors
are broadly classified into G protein-coupled receptors
and protein kinases. On ligand binding, these receptors
activate their downstream intracellular molecules in a
cascade fashion. Many of the growth factor receptors
and oncogenes have tyrosine kinase activity, and the
tyrosine kinases are classified into transmembrane receptor tyrosine kinases, such as the EGFR and VEGFR,
and cytoplasmic non-receptor tyrosine kinases, such as
Abl and Src. On the other hand, Raf, mitogen-activated
protein kinase (MAPK)/extracellular signaling-regulated
kinase (ERK) kinase (MEK), and mammalian target of
rapamycin (mTOR) are serine/threonine kinases.
In general, the MAPK, phosphoinositide 3-kinase
(PI3K)/Akt/mTOR, c-MET, IGF, Wnt-β-catenin and
Hedgehog signaling pathways, and the VEGFR and
PDGF receptor (PDGFR) signaling cascades show
altered activity in HCC, and agents targeting these pathways are under development (Figures 1-3; Table 1)[9-12].
Many molecular-targeted agents are now under development and the target signaling pathways and growth factors are outlined below.
MAPK pathway (Ras/Raf/MEK/ERK)
The MAPK intracellular signaling pathway, which is mainly involved in cell growth and survival, and regulates cell
differentiation, is upregulated in cancer cells. Therefore,
this pathway has been extensively studied as a therapeutic
target. The MAPK pathway is a common downstream
pathway for the EGFR, PDGFR and VEGFR, and is universally used for signal transduction downstream of cytokine receptors, integrin complexes, and G-protein receptors to Ras. The MAPK pathway also plays an important
role in HCC, in that its activation is reportedly involved in
HCC growth and survival. The downstream ERK is activated by two upstream protein kinases, which are coupled
to growth factor receptors by Ras proteins. Ras, which is
activated by ligand binding, activates Raf serine/threonine
kinases and MEK (MAP kinase/ERK kinase), while MEK
phosphorylates and activates ERK, which phosphorylates
proteins involved in cell growth, apoptosis resistance, extracellular matrix production and angiogenesis[13-15].

SIGNALING PATHWAYS AND
MOLECULAR-TARGETED AGENTS IN HCC
As in other cancers, the molecular mechanisms involved
in the development and progression of HCC are complex. After hepatitis B virus and hepatitis C virus infection and alcohol or aflatoxin B1 exposure, genetic and
epigenetic changes occur, including oncogene activation
and tumor-suppressor gene inactivation due to inflammation-induced increase in hepatocyte turnover and oxidative stress-induced DNA damage. Through apoptosis
and cell proliferation, these changes lead to the multistep
development and progression of a hyperplastic to dysplastic nodule, early HCC, and advanced HCC. A number of studies have reported changes in gene expression,
chromosomal amplification, mutations, deletions and
copy number alterations (gain/loss), somatic mutations,
CpG hypermethylation, and DNA hypomethylation, as
well as molecular abnormalities, which can constitute
therapeutic targets[1-5].
The binding of growth factors to their receptor proteins activates protein-phosphorylating enzymes, thus
activating a cascade of proliferative signaling pathways
to transmit proliferative signals into the nucleus. Growth
factors, such as EGF, transforming growth factor (TGF)α/-β, insulin-like growth factor (IGF), and VEGF, also
function in liver regeneration after injury, while fibroblast
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Raf and Ras inhibitors: Raf and Ras are proto-oncogenes. In particular, K-Ras mutations are commonly
observed in many cancers, including pancreatic and
colorectal cancers. One study reported that 30% of HCCs
have Ras mutations [16]. To our knowledge, no agents
targeting Ras are planned to enter clinical trials at the
present. However, because the binding of Ras protein to
the cell membrane and its functional activation require
farnesylation, several farnesyltransferase inhibitors are
being tested for Ras-related tumors. In addition, vaccine
therapy for mutant Ras proteins is currently being tested
for solid cancers, including HCC.
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Figure 1 Signal transduction in solid cancer cells including hepatocellular carcinoma. Some of the genes known to be functionally altered are highlighted in
red. These signaling pathways, including growth factor pathway, Wnt pathway, Hedgehog pathway, Akt/mammalian target of rapamycin (mTOR) pathway, and Jak/Stat
pathway, can be a molecular targets for treatment of hepatocellular carcinoma. (Cited and modified from Hanahan et al[10] with permission.) EGFR: Epidermal growth
factor receptor; TGF: Transforming growth factor; IGF: Insulin-like growth factor; MAPK: Mitogen-activated protein kinase; PI3K: Phosphoinositide 3-kinase; ERK: Extracellular signaling-regulated kinase; NF-kB: Nuclear factor-kappa B; IL: Interleukin.

Table 1 Molecular targeted agents for hepatocellular carcinoma: Targets and development status
Targets (angiogenesis)

Agents
Sorafenib
Sunitinib
E7080
Tigatuzumab (CS1008)
Linifanib (ABT-869)
Brivanib
TSU-68
Ramucirumab
Everolimus (RAD001)
Axitinib

VEGFR

PDGFR

●
●
●

●
●
●

●

●
●
●
●

FGF

Targets (proliferation)
EGFR

Raf

Positioning

mTOR TRAIL-R2

●
●
●
●
●
●

●

●

DR5
1st line
1st line
1st/2nd line
1st line (sorafenib combination)
1st line
1st line, 2nd line, TACE adjuvant
TACE combination
2nd line
2nd line
2nd line

Development status
Approved
PⅢ terminated
PII ongoing
PⅠ/Ⅱ ongoing
PⅢ ongoing
PⅢ ongoing
PⅢ ongoing
PⅢ ongoing
PⅢ ongoing
PⅢ ongoing

VEGFR: Vascular endothelial growth factor receptor; PDGFR: Platelet-derived growth factor receptor; FGF: Fibroblast growth factor; EGFR: Epidermal
growth factor receptor; mTOR: Mammalian target of rapamycin; TACE: Transarterial chemoembolization.

The Raf family consists of three isoforms, A-Raf,
B-Raf and C-Raf/Raf-1. Genetic abnormalities, such
as point mutations and gene rearrangements, have been
reported in various cancers[17]; however, in HCC, ras/raf
mutations are rare, and no k-ras or b-raf mutations have
been detected[18]. On the other hand, wild-type Raf-1 was
reported to be hyperactivated in many cancers, including HCC[19-21]. Sorafenib inhibits Raf, and has multiple
characteristics in that it exhibits strong inhibitory activity
against Raf-1 (C-Raf) kinase, B-Raf (wild-type B-Raf
and mutant V600E B-Raf) serine/threonine kinase,
the pro-angiogenic receptor tyrosine kinases VEGFR,
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PDGFR and FGFR1, and tyrosine kinases, such as c-kit,
Flt-3 and RET, which are involved in tumor progression
and overall prognosis[22].
MEK: The MEK family consists of MEK1 and MEK2
proteins, which specifically phosphorylate tyrosine and
threonine residues, and phosphorylates downstream
Erk1 and Erk2[23].
In an immunohistochemical study, MEK1/2 overexpression, ERK1/2 overexpression, and ERK1/2
phosphorylation were observed in 100% (46/46), 91%
(42/46), and 69% (32/46) of HCCs, respectively. In ad-
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dephosphorylates inositol phosphates, such as PIP3. The
inactivation of PTEN through gene deletion increases
PIP3 levels, and activates Akt, which inhibits apoptosis,
leading to the development of tumors. The serine/threonine kinase mTOR is an important mediator in the PI3K/
Akt pathway, which binds intracellularly to a protein called
raptor or rictor, and exists as two different complexes,
complex 1 and 2 (mTORC1 and mTORC2). mTORC2
(mTOR-rictor) activates Akt, while mTORC1 (mTORraptor) is activated downstream of Akt; thus, both molecules regulate protein synthesis (Figures 4 and 5)[25].
Inhibiting mTOR with molecules, such as RAD001,
generates additive effects that accompany upstream and
downstream target inhibition. Alternatively, upstream
receptor inhibition is compensated for by inhibiting the
downstream pathway, even if some resistance develops
against receptor inhibition regardless of initial or acquired resistance. Therefore, RAD001 is a potential targeted agent for HCC.
Besides the finding that mTOR plays a key role in
cell biology, it was also demonstrated that mTOR and
S6K are overexpressed in 15%-41% of HCCs. mTOR
inhibitors also have antitumor effects in various HCC
cell lines and animal models[26-29]. Activation of mTOR is
correlated with the development of HCC and recurrence
after the excision of early HCC. Regulating this specific
intracellular pathway (Ras-Raf pathway) with RAD001
is potentially more effective in suppressing sorafenibresistant tumors.
A study of 528 HCC samples showed that the expression of pAkt, PTEN, p27 and S6 ribosomal protein
(pS6) was a poor prognostic factor for survival[30]. A
tissue microarray analysis of HCC samples revealed
that the loss of PTEN and overexpression of pAkt and
p-mTOR were correlated with tumor grade, intrahepatic
metastasis, vascular invasion, TNM stage, Ki-67 labeling index, and matrix metalloproteinase (MMP)-2 and -9
upregulation. Meanwhile, PTEN mRNA expression in
the cancerous tissue was downregulated compared with
that in the non-cancerous tissue. The levels of PTEN,
MMP-2, and MMP-9 mRNA expression were correlated
with tumor stage and metastasis, and the levels of PTEN
and MMP-9 mRNA expression were inversely correlated[31]. In an extensive analysis of 314 HCC samples in
terms of mutation analysis, DNA copy number changes,
mRNA levels and immunostaining, Villanueva et al[32]
found that activation of the IGF pathway, upregulation
of EGF, dysregulation of PTEN, and aberrant mTOR
signaling were present in half of the samples, and that
inhibiting mTOR activity with everolimus was effective
in improved survival and suppression of recurrence.
The PI3K inhibitor RG7321 and the Akt inhibitor
perifosine target the PI3K/Akt/mTOR pathway and are
in early stages of clinical development, while the mTOR
inhibitors everolimus (RAD001), sirolimus (Rapamune),
and temsirolimus (CCI-779) are at more advanced stages
of development. Everolimus is used to treat sorafenib-
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Figure 2 Signaling pathways and potential drug targets to inhibit hepatocarcinogenesis. Activation of receptor tyrosine kinases by their ligands
activates downstream signaling pathways with effects on angiogenesis, proliferation, migration and invasion, and apoptosis or survival of cells. Monoclonal
antibodies inhibit ligand binding to the receptor and small-molecule tyrosine
kinase inhibitors inhibit propagation of the downstream signal. (Cited from
Spangenberg et al[11] with permission.) IGF: Insulin-like growth factor; MAPK:
Mitogen-activated protein kinase; PI3K: Phosphoinositide 3-kinase; EGF:
Epidermal growth factor; VEGF: Vascular endothelial growth factor; PDGF:
Platelet-derived growth factor; mTOR: Mammalian target of rapamycin; HIF:
Hypoxia-inducible factor; SCF: Stem cell factor.

dition, the in vitro treatment of HepG2 and Hep3B cells
with MEK1/2 inhibitors inhibited cell growth and upregulated apoptosis[24].
The MEK inhibitors CI-1040, PD0325901, AZD6244,
and RDEA119/BAY869766 have been tested in several
cancers, including solid tumors such as HCC. Recently, the
results of PhaseⅠof AS703026 and E6201 studies against
solid tumors were reported in ASCO2010. A phase Ⅱ
study of AZD6244 (selumetinib, ARRY-142866) and a
phaseⅠ/Ⅱ study of RDEA119/BAY869766 in combination with sorafenib are being conducted.
PI3K/Akt/mTOR pathway
The PI3K/Akt/mTORpathway also plays an important
role in cell growth, survival regulation, metabolism, and
anti-apoptosis. The membrane lipid phosphatidylinositol
4,5-bisphosphate (PIP2) is phosphorylated by PI3K into
phosphatidylinositol 3,4,5-triphosphate (PIP3), which
binds to and activates the serine/threonine kinase Akt.
The tumor suppressor gene product phosphatase and tensin homolog (PTEN) deleted on chromosome is antagonistic to PI3K activity. PTEN is a lipid phosphatase that
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Figure 5 Mammalian target of rapamycin/hypoxia-inducible factor-1/vascular endothelial growth factor signaling pathway in angiogenesis in solid
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intolerant patients, or for patients showing disease progression after sorafenib administration. A phase Ⅲ study
to compare everolimus and a placebo (EVOLVE-1: Advanced Hepatocellular Carcinoma after Disease Progression or Intolerance to Sorafenib EverOlimus for Liver

cancer Evaluation) and a phaseⅠ/randomized phase Ⅱ
study (sorafenib + everolimus vs sorafenib alone) to test
the efficacy and tolerance of sorafenib in combination
with everolimus are underway. Since mTOR inhibitors
exhibit cytostatic and antiangiogenic effects, they are
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expected to be effective in combination with other angiogenesis inhibitors, such as bevacizumab, and may be
appropriate for administration after transarterial chemoembolization (TACE). Furthermore, since the mTOR
pathway is stimulated by factors such as EGFR, PDGFR, and TGFα, and is closely related to other signaling
pathways, including the Ras/Raf/MEK/ERK pathway,
they are likely to show promising efficacy when used in
combination with other growth factor inhibitors[33].

for the higher incidence of adverse events with sunitinib.
The main evaluation item in the above phase Ⅱ trial was
the response rate, which did not reach the expected value,
leading to the conclusion that it was a negative study[40].
In that study, sunitinib was administered at 50 mg/d for
four weeks followed by two weeks of rest per cycle[39],
whereas Zhu et al[40]. used a dosing schedule of 37.5 mg/d
for four weeks followed by two weeks of rest per cycle,
and reported that the median PFS and OS were 3.9 and 9.8
mo, respectively. An ongoing global cooperative phase Ⅲ
controlled clinical trial to compare sorafenib and sunitinib
head-to-head, and to seek approval for first-line indications
for advanced HCC, adopted a sunitinib dosing schedule
of 37.5 mg/d. However, in a “Reflection and Reaction”
regarding the above trial results, Forner et al[41] cast doubt
on whether the drugs at this dose could maintain tolerance and ensure efficacy. Consequently, the trial was terminated on March, 2010 because of the recommendation
by data monitoring committee based on interim analysis,
showing relatively high toxicity and no superior efficacy to
sorafenib.
Brivanib is a kinase inhibitor that selectively inhibits
VEGFR-1, -2 and -3, and FGFR-1, -2 and -3. Recent
studies suggest that tumor progression following treatment with antiangiogenic agents that target the VEGF
signaling pathway alone may result from either evasive or
intrinsic resistance[42]. Furthermore, there is strong evidence to support the hypothesis that evasive resistance
to anti-VEGF blockade is associated with reactivation
of tumor angiogenesis by alternative signaling pathways.
One such mechanism of resistance is the activation of
the FGF signaling pathway[43,44]. Basic FGF (FGF2) is a
potent angiogenic factor. Indeed, expression of FGF2
enhances growth, invasion, and angiogenesis of many
tumor types[45,46]. Moreover, recent evidence has shown
that FGF is overexpressed and activated in HCC, and
that high FGF2 levels may predict a poor clinical outcome among patients with HCC[46].
Considering the proposed importance of FGF signaling in HCC angiogenesis, it is clear that novel antiangiogenic agents that combine inhibition of FGF receptor
signaling with inhibition of VEGFR signaling might
provide a potential mechanism to overcome anti-VEGF
resistance in HCC (Figure 6). With this in mind, it is
worthwhile considering the potential future impact of
brivanib on the treatment of advanced HCC. Brivanib, a
small-molecule tyrosine kinase inhibitor, is the first oral
selective dual inhibitor of FGF and VEGF signaling. In
multiple preclinical models of human xenograft tumors,
including patient-derived HCC xenografts, brivanib has
shown potent antitumor activity and no overt toxicity
when dosed orally[47,48]. Furthermore, brivanib has demonstrated promising antitumor activity and acceptable
tolerability in a phase Ⅱ, open-label study in patients with
unresectable locally advanced or metastatic HCC[49,50].
Crucially, within this trial, brivanib showed activity both
as first-line therapy (overall survival: 10 mo) or as second-

VEGF/VEGFR, PDGFR, FGFR
Angiogenesis is an important event not only for HCC,
but also for cancer growth and metastasis, and occurs because of complex alterations involving promoting factors
such as VEGF, angiopoietin, and FGF, and inhibitory
factors including thrombospondin and angiostatin, as
well as the surrounding tissue. The VEGF family consists
of VEGF-A, -B, -C, -D and –E, and placental growth
factor (PIGF). The VEGFR family comprises VEGFR-1
(flt-1), VEGFR-2 (flk-1/KDR), and VEGFR-3 (flt-4).
VEGF-A binds to VEGFR-1 and -2 and is involved in
angiogenesis and the maintenance of mature blood vessels, while VEGF-C and -D mainly bind to VEGFR-3,
are involved in lymphangiogenesis[34,35]. VEGF isoforms,
such as VFGF121 and VEGF165, have been identified, and
isoform subtypes also exist, such as EGF166b. Thus, it is
clear that these growth factors do not exhibit angiogenesis-promoting effects alone, and they have attracted attention as new therapeutic targets[36].
HCC typically exhibits active angiogenesis. During
the progression from early to well- and moderatelydifferentiated HCC, angiogenesis increases and cancer
cells acquire the ability to invade vessels and metastasize.
Scientific and clinical studies have revealed that, during
the progression from hepatitis to cirrhosis, angiogenesis
and disruption of the vascular architecture are linked to
the progression of HCC, and contribute to increased
hepatic vascular resistance and portal hypertension, and
decreased hepatocyte perfusion[37]. In addition, a metaanalysis has demonstrated that VEGF expression is a
prognostic factor in HCC[38].
Phase Ⅱ studies have been started to test the usefulness of bevacizumab (Avastin®), which directly targets
VEGF, in TACE-treated HCC, and the use of bevacizumab in combination with erlotinib (Tarceva®), an EGFR
tyrosine kinase inhibitor.
Sunitinib (Sutent®) is a multi-kinase inhibitor that inhibits tyrosine kinases, such as VEGFR-1, -2, -3, PDGFR-α,
-β and c-Kit. A phase Ⅱ study of sunitinib in 37 advanced
HCC patients showed that the median progression-free
survival (PFS) and median overall survival (OS) were 3.7
and 8 mo, respectively. In that study, adverse events included grade 3/4 thrombocytopenia in 37.8% of patients,
neutropenia in 24.3%, asthenia in 13.5%, and hand-foot
syndrome in 10.8%[39]. Since sunitinib has a lower IC50 for
each target than sorafenib, it is expected to exhibit greater
antitumor activity. However, this factor may be responsible
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line therapy in patients who had failed prior antiangiogenic treatment, primarily with sorafenib (overall survival:
9.5 mo)[50]. Of note, the incidence of all-grade hand-foot
syndrome was only 8% in this study.
As for brivanib, an international global phase Ⅲ clinical trial to compare brivanib and sorafenib head-to-head
and to seek approval for first-line therapy for advanced
HCC has already been started, and the results are eagerly
awaited. Since brivanib targets FGF and VEGF, and is
associated with relatively mild adverse effects, a secondline study of brivanib in sorafenib-ineffective and -intolerant patients, and a trial to evaluate the use of brivanib
in combination with TACE, are underway. Depending
on the results of these trials, indications for use in HCC
may be obtained; therefore, positive results are eagerly
anticipated.
The results have been reported for a phase Ⅱ study of
brivanib in 55 patients (cohort A) who had not received
systemic therapy for curatively unresectable HCC and 46
patients (cohort B) previously treated with angiogenesis
inhibitors, such as sorafenib or thalidomide[49]. The median TTP and OS were 2.8 mo and 10 mo, respectively,
in cohort A versus 1.4 mo and 9.8 mo, respectively, in
cohort B. Adverse events included fatigue (51.5%), diarrhea (41.6%), hypertension (42.6%), anorexia (41.6%),
and nausea/vomiting (40.6%/30.7%) in total. Thus, these
results demonstrated the efficacy of brivanib as a secondline treatment. The results of three phase Ⅲ clinical trials,
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BRISK-PS (sorafenib failure or sorafenib-intolerant patients; brivanib + best supportive care (BSC) vs placebo +
BSC), BRISK-FL (advanced HCC; brivanib vs sorafenib),
and BRISK-TA (patients with unresectable HCC, brivanib
vs placebo as post-TACE adjuvant therapy) are awaited
(Table 2).
Linifanib (ABT-869), which strongly inhibits VEGFR
and PDGFR, is also under global phase Ⅲ trial.
In a Japanese phaseⅠ/Ⅱ trial of TSU-68, an oral molecular inhibitor of VEGFR, PDGFR, and FGFR, to test
its safety and efficacy in 35 HCC patients, the response
rate was 5.6% (CR, PR, SD, PD and NE in 1, 2, 15, 16
and 1 patients, respectively), and the disease control rate
was 51.4%[51]. The global phase Ⅲ trial of TACE in combination with TSU-68 has just started on January 2011.
In addition, several phaseⅠ/Ⅱ trials are being conducted to assess kinase inhibitors such as cediranib (AZD2171),
which inhibit VEGFR, PDGFR, CSF-1R (cFms), Kit,
and Flt3. Furthermore, a phase Ⅲ global study of axitinib,
which is currently being tested in renal cell carcinoma, has
also been started as a second line agents on 2011.
EGF/EGFR
EGFR is a member of the HER family, which includes
EGFR (erbB1), HER2/neu (erbB3), and HER4 (erb4).
All members of this family, except HER3, have an intracellular tyrosine kinase domain, and the binding of a
ligand to its extracellular domain triggers signal transduc-
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(20%), hypertension (15%), gastrointestinal bleeding
(12.5%), wound infection (5%), diarrhea (10%), elevated
transaminase levels (10%), and thrombocytopenia (10%),
which necessitates further evaluation for drug tolerance.
Although a clinical study of erlotinib in combination with
bevacizumab (OPTIMOX-3 study) was also conducted
in colorectal cancer patients, no tolerance was observed,
which led to a change in the protocol[57,58].
After the introduction of a number of moleculartargeted drugs, strategies for the inhibition of similar
or different signaling pathways (vertical or horizontal
inhibition) with several drugs have been proposed. However, the combined use of molecular-targeted agents has
remained largely unsuccessful, including panitumumab
in combination with bevacizumab for the treatment of
colorectal cancer[59]. Similarly, the results of sorafenib in
combination with bevacizumab (vertical inhibition) have
been reported[60]. Although some therapeutic responses
were obtained, the combination therapy resulted in greater
toxicity[60], suggesting the need for detailed evaluation of
the dosing regimen.
Lapatinib (Tykerb®) is a dual inhibitor of EGFR and
HER-2/neu, and inhibits tumor growth by downregulating MAPK, AKT, and p70S6 kinase[61]. In Japan, lapatinib
is indicated for the treatment of breast cancer. In a phase
Ⅱ clinical trial of lapatinib in 26 patients with unresectable advanced HCC, the median PFS and OS were 1.9
mo and 12.6 mo, respectively, and adverse events included diarrhea (73%), nausea (54%), and skin rash (42%)[62].
Cetuximab (Erbitux®) is a human/mouse chimeric
monoclonal antibody consisting of the variable region
of a mouse anti-human EGFR monoclonal antibody and
the human immunoglobulin G1 constant region. Cetuximab inhibits the binding of endogenous EGFR ligands,
such as EGF and TGFα, to EGFR. In a phase Ⅱ clinical trial of cetuximab in 30 patients with unresectable or
metastatic HCC, the median PFS and OS were 1.4 mo
and 9.6 mo, respectively, and treatment-related toxicities
included grade 3 hypomagnesemia (3.3%) and grade 1/2
acne-like rash (83.3%), which was observed for the duration of anti-EGFR therapy in that study[63].
The EGFR offers a very interesting therapeutic target. As described above, the use of erlotinib in combination with sorafenib is still in the research stage. However,
based on the results of phase Ⅱ studies, the efficacy of
cetuximab or lapatinib as a monotherapy seems to be
limited, and the results of further studies evaluating their
efficacy in sorafenib-refractory or -intolerant patients are
awaited with interest.

Table 2 Ongoing clinical trials (PⅢ)
First line
Comparison study between sorafenib and single agent (head to head):
Sunitinib → endpoint not met
Brivanib
Linifanib
Combination with sorafenib and another agent:
DXR, erlotinib (SEARCH), everolimus, CS-1008, etc.
Second line
Sorafenib failure:
Brivanib, everolimus (RAD001), ramucirumab, axitinib, S-1, etc.
Combination with standard therapy
Adjuvant setting after surgery or RFA: STORM
Combination with TACE: SPACE, BRISK-TA, TACTICS, ECOG1208
Combination with HAIC: SILIUS
TACTICS: Phase Ⅱ study: Transcatheter arterial chemoembolization therapy in combination with sorafenib (ClinicalTrials.gov ID: NCT01217034),
SILIUS: Randomized controlled trial comparing efficacy of sorafenib vs
sorafenib in combination with low dose cisplatin/fluorouracil hepatic
arterial InfUSion chemotherapy in patients with advanced hepatocellular carcinoma and exploratory study of biomarker predicting its efficacy
(ClinicalTrials.gov ID: NCT01214343); HAIC: Hespatic arterial infusion
chemotherapy; TACE: Transarterial chemoembolization.

tion through the above-described MAPK and PI3K/
Akt/mTOR pathways. Thus, these receptors are involved
in cell growth, differentiation, survival, and adhesion[52].
EGFR over expression has been reported in many cancers, and in HCC. For example, Buckley et al[53] reported
that EGFR, detected by immunohistochemical analysis,
was overexpressed in 50 (66%) of 76 HCCs, and that fluorescence in situ hybridization showed extra EGFR gene
copies in 17 (45%) of 38 HCCs.
EGFR-targeting drugs include anti-EGFR antibodies, such as cetuximab and panitumumab, and smallmolecule inhibitors of EGFR tyrosine kinases, such as
gefitinib etc, and have been used widely for the treatment
of several cancers other than HCC. Unfortunately, except for phase Ⅱ trial data, there are little clinical data on
the efficacy of these drugs for the treatment of HCC.
Similar to gefitinib (Iressa®), erlotinib (Tarceva®) is
an oral EGFR tyrosine kinase inhibitor. Philip et al[54] and
Yau et al[55] have reported the results of phase Ⅱ studies of erlotinib in HCC; the median OSs in their studies
were 13 and 10.7 mo, respectively. A phase Ⅲ clinical
study (SEARCH study: Sorafenib and Erlotinib, a Randomized Trial Protocol for the Treatment of Patients
with Hepatocellular Carcinoma) for sorafenib in combination with erlotinib vs sorafenib plus placebo is ongoing. Since erlotinib is associated with a high incidence
of skin rash, dry skin and gastrointestinal toxicity, such
as diarrhea, the results of the SEARCH study should be
evaluated to assess whether this combination therapy can
be used in clinical settings. Thomas et al[56] conducted a
phase Ⅱ clinical study of erlotinib in combination with
bevacizumab in 40 advanced HCC patients, and reported
promising results; the median PFS and OS were 9 mo
and 15.7 mo, respectively. However, they noted frequent
treatment-related grade 3/4 toxicities, including fatigue
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Hepatocyte growth factor/c-Met pathway
Since the hepatocyte growth factor (HGF)/Met pathway
is involved in tumor growth, invasion, and angiogenesis in a wide range of neoplasms, HGF and Met have
recently attracted attention as therapeutic targets. HGF
is a heterodimer consisting of α and β chains bound
together by a disulfate bond. The α-chain contains four
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Vascular invasion
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No

Child-Pugh B/C
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Yes
*1
*1,2

Single

Number

Hypovascular
early HCC *3

Size

Treatment

Intensive
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Ablation

1-3
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Ablation

4 or more
Exceeding Milan
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or age > 65

Within Milan *7
criteria and
age ≤ 65

> 3 cm

Resection *4
TACE *5
TACE
HAIC *5
TACE + ablation Resection *6
Ablation *6

Sorafenib(Vp3,4) *8
HAIC (Vp3,4) *8
TACE (Vp1,2) *9
Resection (Vp1,2) *9

Transplantation
TACE/Ablation
for Child-Pugh C
patients *10

Palliative care

Sorafenib

Sorafenib *5
(TACE or HAIC refractory, Child A)

Ongoing trial

Sorafenib
(adjuvant
after resection
or ablation)
(STORM)

Sorafenib, Brivanib
(in combination with TACE)
(SPACE, TACICS, BRISK-TA)

Sorafenib (in combination
with HAIC) (SILIUS)
Brivanib (1st Lline) (BRISK-FL)
Linifanib (1st Lline)

Brivanib (1st and 2nd
Llines) (BRISK-FL and
BRISK-PS)
Axitinib (2nd line)
Ramucirumab (2nd line)
Everolimus (2nd line)

Figure 7 Consensus-based treatment algorithm for hepatocellular carcinoma proposed by Japan Society of Hepatology, revised in 2010. (Cited and modified from Kudo et al[67] with permission.) *1: Treatment should be performed as if extrahepatic spread is negative, when extrahepatic spread is not considered as a
prognostic factor in Child-Pugh class A/B patients; *2: Sorafenib is the first choice of treatment in this setting as a standard of care; *3: Intensive follow-up observation
is recommended for hypovascular nodules by the Japanese Evidence-Based Clinical Practice Guidelines. However, local ablation therapy is frequently performed
in the following cases: (1) when the nodule is diagnosed pathologically as early hepatocellular carcinoma (HCC); (2) when the nodules show decreased uptake on
Gd-EOB-MRI, or (3) when the nodules show decreased portal flow by CTAP, since these nodules frequently progress to advanced HCC; *4: Even for HCC nodules
exceeding 3 cm in diameter, transcatheter arterial chemoembolization (TACE) in combination with ablation is frequently performed when resection is not indicated; *5:
TACE is the first choice of treatment in this setting. Hepatic arterial infusion chemotherapy (HAIC) using an implanted port is also recommended for TACE-refractory
patients. The regimen for this treatment is usually low-dose FP [5-fluorouracil (5-FU) + CDDP] or intra-arterial 5-FU infusion combined with systemic interferon therapy.
Sorafenib is also recommended for TACE or HAIC-refractory patients with Child-Pugh class A liver function; *6: Resection is sometimes performed when more than 4
nodules are detected. Ablation is sometimes performed in combination with TACE; *7: Milan criteria: Tumor size ≤ 3 cm and tumor number ≤ 3, or solitary tumor ≤
5 cm. Even when liver function is good (Child-Pugh A/B), transplantation is sometimes considered for frequently recurring HCC patients; *8: Sorafenib and HAIC are
recommended for HCC patients with major portal invasion such as Vp3 (portal invasion in the 1st portal branch) or Vp4 (portal invasion in the main portal branch); *9:
Resection and TACE are frequently performed when portal invasion is minor, such as Vp1 (portal invasion in the 3rd or more peripheral portal branch) or Vp2 (portal
invasion in the 2nd portal branch); *10: Local ablation therapy or subsegmental TACE is performed even for Child-Pugh C patients when transplantation is not indicated when there is no hepatic encephalopathy, no uncontrollable ascites, and a low bilirubin level (< 3.0 mg/dL). However, it is regarded as an experimental treatment
because there is no evidence of a survival benefit in Child-Pugh C patients. A prospective study is necessary to clarify this issue.

kringle domains, and the β-chain contains a serine protease-like domain. Met is a receptor tyrosine kinase for
the HGF ligand, and contains a semaphorin-like domain.
HGF or Met overexpression, and Met gene mutations
and duplications, have been reported in various cancers,
and abnormalities due to HGF/Met pathway activation
have also been noted[64]. These abnormalities activate the
downstream signaling cascade, leading to epithelial-mesenchymal transition and increased proliferative, migratory, invasive, and metastatic potentials of cancer cells[64].
HGF/c-MET-targeted drugs, including kinase inhibitors, HGF inhibitors and decoy c-Met receptor molecules
are being developed. Of particular interest is ARQ-197, a
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c-Met receptor tyrosine kinase inhibitor, which is a nonATP-competitive molecule that binds near the ATPbinding site. A randomized phase Ⅱ study of ARQ-197
vs placebo is ongoing in patients with unresectable HCC
after systemic therapy failure. In addition, the results of a
phaseⅠstudy of ARQ-197 in combination with sorafenib
was reported in ASCO 2010 (Abstract 3024).
IGF/IGFR
The IGF/IGFR system is involved in cell growth and
the chemotherapeutic response. The ligands IGF-Ⅰand
-Ⅱ bind to their receptors IGF-1R and IGF-2R, and are
involved in DNA synthesis and cell growth. Abnormali-
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6 mo (4-8)

Figure 8 Outcomes of standard treatment modalities and expected future outcomes of combination therapy with molecular-targeted agents. By combining
molecular targeted agents with resection or ablation, life expectancy [overall survival (OS)] is expected to be prolonged to 7.5-10 years. In addition, for intermediate
stage hepatocellular carcinoma (HCC), the prognosis is expected to be improved to 4.5-6 years by combination with transarterial chemoembolization (TACE). For advanced stage HCC, the prognosis is expected to be improved to 1.5-2 years by combination with hepatic arterial infusion chemotherapy (HAIC).

Table 3 Subanalysis data of the SHARP study
Advanced HCC with vascular invasion and/or extrahepatic
spread
Hazard ratio
Median OS (MST) (mo) Sorafenib
Placebo

0.77 (95% CI: 0.60-0.99)
8.9 (n = 209) (95% CI: 7.6-10.3)
6.7 (n = 212) (95% CI: 5.2-8.0)

Advanced HCC without vascular invasion and/or
extrahepatic spread
0.52 (95% CI: 0.32-0.85)
14.5 (n = 90) (95% CI: 14.0-N/E)
10.2 (n = 91) (95% CI: 8.6-15.5)

HCC: Hepatocellular carcinoma; OS: Overall survival; MST: Median survival time.

ties in IGF and IGF-1R, or their overexpression, have
been reported in various cancers, including HCC. Their
associations with disease stage, metastasis, survival[65],
and the functions of IGF and IGFR in HCC[66] have
been reported.
IGF-targeting drugs are currently being developed,
and are mainly anti-IGF-1R antibodies, such as BⅡB022,
AVE1642, and cixutumumab (IMC-A12). A phase Ⅱ
study of cixutumumab, a phaseⅠb/Ⅱ study of sorafenib
vs sorafenib plus BⅡB022, and phaseⅠ/Ⅱ studies of
AVE1642 as monotherapy or in combination with sorafenib
or erlotinib are ongoing.

rial infusion chemotherapy (SILIUS trial: trial number
NCT01214343), pharmaceutical and IIT trials of sorafenib
in combination with TACE [SPACE, TACICS (trial number: NCT 01217034) and BRISK-TA trials], and a trial to
test the inhibitory effect of sorafenibon tumor recurrence
after curative treatment (STORM trial) are ongoing. The
results of these trials are eagerly awaited (Figure 7)[67,68].
The working hypotheses in these studies can be deduced by extrapolating the median survival time (MST)
and hazard ratios in overall survival (OS) calculated in a
subanalysis of the SHARP study (Table 3). The results
obtained suggest that starting treatment with moleculartargeted drugs at an earlier tumor stage in combination
with standard treatment options such as resection, ablation, TACE, or hepatic arterial infusion chemotherapy
can improve the prognosis of HCC. Thus, sorafenib has
the potential to induce a paradigm shift in the treatment
of HCC. For example, in a subanalysis of the SHARP
trial, the hazard ratios for OS and MST ratio in intermediate stage HCC without vascular invasion or extrahepatic spread were 0.52 and 1.50, respectively (Table 3). This

COMBINATION THERAPY OF STANDARD
TREATMENT WITH SORAFENIB
In addition to the pharmaceutical-sponsored clinical trials
of linifanib and brivanib as first- and second-line therapy
in sorafenib-refractory patients, investigator initiated trials (IIT) of sorafenib in combination with hepatic arte-
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suggests that survival of early stage HCC and intermediate stage HCC may be prolonged from 5 years to 7.5-10
years by using sorafenib in an adjuvant setting after curative treatment, and from 3 years to 4.5-6 years by using
sorafenib in combination with TACE (Figure 8)[68].

10
11
12

CONCLUSION
Several clinical trials[39,40,49,54,63,69-74] of the molecular-targeted agents are ongoing. Angiogenesis-inhibiting drugs,
particularly sorafenib, have been established for HCC, and
drugs targeting several molecules are being developed.
Although sorafenib was recently approved, many
issues remain to be addressed, including: (1) how to determine and define refractoriness; and (2) whether to
continue TACE or hepatic arterial infusion chemotherapy
(a de facto standard in Japan) in patients with TACErefractory HCCs or portal tumor thrombi before starting
sorafenib therapy. We strongly recommend that, based on
the molecular-targeted agents currently under development, clinical studies (including IITs) should be conducted
aggressively, and therapeutic strategies should be devised
to resolve the limitations of currently used therapeutic approaches and to improve the therapeutic outcomes.
The introduction of sorafenib to treat HCC in 2007 in
Western countries and in 2009 in Japan was undoubtedly
the real beginning of a paradigm shift of HCC treatment,
representing a significant breakthrough for HCC treatment not previously experienced for this unique tumor.
Further development of survival benefit in HCC patients
with new targeted agents are greatly expected.
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FIELD OF VISION

PNPLA3, the triacylglycerol synthesis/hydrolysis/storage
dilemma, and nonalcoholic fatty liver disease
Silvia Sookoian, Carlos J Pirola
adults but also in children. Nevertheless, how PNPLA3
influences the biology of fatty liver disease is still an
open question. A recent article describes new aspects
about PNPLA3 gene/protein function and suggests that
the I148M variant promotes hepatic lipid synthesis due
to a gain of function. We revise here the published
data about the role of the I148M variant in lipogenesis/lipolysis, and suggest putative areas of future
research. For instance we explored in silico whether
the rs738409 C or G alleles have the ability to modify
miRNA binding sites and miRNA gene regulation, and
we found that prediction of PNPLA3 target miRNAs
shows two miRNAs potentially interacting in the 3’
UTR region (hsa-miR-769-3p and hsa-miR-516a-3p).
In addition, interesting unanswered questions remain
to be explored. For example, PNPLA3 lies between two
CCCTC-binding factor-bound sites that could be tested
for insulator activity, and an intronic histone 3 lysine 4
trimethylation peak predicts an enhancer element, corroborated by the DNase Ⅰ hypersensitivity site peak.
Finally, an interaction between PNPLA3 and glycerol3-phosphate acyltransferase 2 is suggested by data
miming.
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Abstract
Genome-wide and candidate gene association studies
have identified several variants that predispose individuals to developing nonalcoholic fatty liver disease
(NAFLD). However, the gene that has been consistently involved in the genetic susceptibility of NAFLD in
humans is patatin-like phospholipase domain containing 3 (PNPLA3 , also known as adiponutrin). A nonsynonymous single nucleotide polymorphism in PNPLA3
(rs738409 C/G, a coding variant that encodes an amino
acid substitution I148M) is significantly associated with
fatty liver and histological disease severity, not only in
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PLA2G6 (phospholipase A2, group Ⅵ cytosolic, calciumindependent, also known as PNPLA9). In silico prediction of PNPLA3 protein function by imputation of
functional association data[7] shows that only PNPLA2,
PNPLA3, PNPLA8, and PLA2G6 have carboxylesterase and lipase activities (P < 4.8 and 9.4 × 10-5) and
PNPLA3, PNPLA8, and PLA2G6 have phospholipase
A2 activity (P < 1.6 × 10-4). As we mentioned recently,
these similarities with enzymes with the potential of
releasing arachidonic acid as the precursor of potent inflammatory substances such as prostaglandins may have
therapeutic implications[8].
In addition, neutral lipid, triglyceride, or glycerolipid
catabolic processes are shared by only PNPLA2 and
PNPLA3 (P < 0.05). This finding is also consistent with
the notion that PNPLA3 plays a role in the hydrolysis of
glycerolipids as shown by Huang et al[3].
Furthermore, in silico prediction of the protein network related to PNPLA3 is beyond the PNPLA family
(Figure 2), suggesting that some other interesting and still
unexplored issue about the putative role of the rs738409
in liver steatosis are waiting for answers. For instance,
the putative interaction between PNPLA3 and genes in
the related networks, particularly glycerol-3-phosphate
acyltransferase 2 (GPAT2, mitochondrial), whose protein
esterifies acyl-group from acyl-ACP to the sn-1 position
of glycerol-3-phosphate, an essential step in glycerolipid
biosynthesis[9]. We wonder to what extent the PNPLA3
and GPAT2 interaction modulates hepatic fat content.
We used a data integration and data mining platform to
explore the putative interaction between PNPLA3 and
GPAT2, and as shown in Figure 3, PNPLA3 and GPAT2
are involved in shared metabolic pathways, including triglyceride biosynthetic process, glycerolipid metabolism
pathways, and acyltransferase activity, which may explain
an interaction in the pathogenesis of NAFLD. This prediction is biologically plausible as GPAT2 catalyzes the
initial and rate-limiting step in glycerolipid synthesis, and
overexpression and knock-out studies suggest that GPAT
isoforms can play important roles in the development of
hepatic steatosis, insulin resistance, and obesity[10].

INVITED COMMENTARY ON HOT ARTICLES
We have read with great interest the recent article by Kumari et al[1] describing new aspects about patatin-like phospholipase domain containing 3 (PNPLA3, also known as
adiponutrin) gene function. Notably, the authors reported
that human and murine PNPLA3 exhibit increased lysophosphatidic acid acyltransferase (LPAAT) activity leading to increased cellular lipid accumulation. Kumari et al[1]
concluded that the I148M substitution promotes hepatic
lipid synthesis due to a gain of function, and that this
property provides a plausible biochemical mechanism for
the development of liver steatosis in subjects carrying the
148M variant (rs738409, allele G) as discussed below.
These results give new answers to the previous conflicting data around the question of whether the rs738409
is associated with a gain or loss of gene/protein function
(Figure 1). For instance, several functional studies were elegantly performed to decipher whether the I148M substitution interferes with hepatic triglyceride (TG) hydrolysis
and thus promoting hepatic steatosis[2]. Based on an in vitro
structural model of the patatin-like domain of PNPLA3
protein, He et al[2] showed that the 148M variant interferes
with TG hydrolysis, affecting the association of PNPLA3
with the lipid droplets. Thus, the resulting mutant enzyme
is inactive against its substrates. In addition, Huang et al[3]
recently demonstrated that PNPLA3 plays a role in the
hydrolysis of glycerolipids, and the I148M substitution
causes a loss of function.
Several animal studies were conducted to evaluate the
effect of the PNPLA3 loss of function by using knockout
models, for instance PNPLA3-/- mice by gene targeting[4].
Surprisingly, loss of PNPLA3 does not cause fatty liver,
liver enzyme elevation, or insulin resistance in mice under
a standard or a high-sucrose/high-fat diet[4]; a finding replicated by global targeted deletion of the PNPLA3 gene[5].
Interestingly, a human study demonstrated that the
rs738409 PNPLA3 G allele is associated with morphological changes in adipocyte cell size[6], and this concept strongly supports a role of the variants in the liver fat remodeling;
unfortunately, these findings were not replicated.
Finally, Kumari et al[1] confirmed that PNPLA3 functions as a TG hydrolase in mice and humans but found
that the speciﬁc TG hydrolase activity is much lower
than that of adipose triglyceride lipase (ATGL).

Impact of rs738409 on genetic risk of NAFLD
The first description about the association between a
nonsynonymous single nucleotide polymorphism (SNP)
of PNPLA3, the rs738409 C/G, (a coding variant that
encodes an amino acid substitution Ⅰ148M as described)
and fatty liver was reported by Romeo et al[11] by performing a genome-wide association study (GWAS) of nonsynonymous sequence variations (n = 9229) in a large multiethnic population-based epidemiological study of fatty
liver. This initial finding was further replicated in several
populations confirming that the G allele in the forward
strand is significantly associated with increased risk of
hepatic triglyceride accumulation and fatty liver disease,
as reviewed recently in a meta-analysis[12]. Likewise, the
rs738409 variant was associated with fatty liver in pediatric
patients with NAFLD[13-16], and patients with NAFLD
related comorbidity, such as type 2 diabetes[17-19] or morbid

Can a loss or gain of function in a single protein explain
such a strong effect in the biology of nonalcoholic fatty
liver disease?
The question as to whether the role of the rs738409
in the pathobiology of nonalcoholic fatty liver disease
(NAFLD) is associated with a gain or loss of function is
hard to answer because the biological function attributed
to the PNPLA3 in lipid-related pathways is shared with
other related proteins. For example, almost all members
of the PNPLA family have established TG hydrolases
and phospholipases activities, and PNPLA3 shares,
as expected, protein domains with the PNPLA family
(PNPLA1, PNPLA2, and PNPLA4-8), and also with
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PNPLA3 I148M variant: Loss or gain of function

?

PNPLA3 plays a role in the hydrolysis of
glycerolipids and the Ⅰ 148M substitution
causes a loss of function [Huang et al 2011]

PNPLA3 promotes lipogenesis in primary
hepatocytes [Qiao et al 2011]

PNPLA3-148M promotes triglyceride
accumulation by limiting triglyceride Global targeted deletion of the
PNPLA3 gene in mice does not
hydrolysis [He et al 2010]
affect TAG hydrolysis [Basantani
148M variant of human PNPLA3 et al 2011]
exhibits increased LPAAT activity
Loss of PNPLA3 in mice
leading to increased cellular lipid
does not cause fatty liver
accumulation [Kumari et al 2012]
[Chen et al 2010]

Figure 1 Patatin-like phospholipase domain containing 3 rs738409 and its role in
nonalcoholic fatty liver disease. Summary of
the evidence from human and rodent studies.
PNPLA3: Patatin-like phospholipase domain
containing 3.
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obesity[15], although it remained to be explored whether
these associations are truly independent of NAFLD[12].
Interestingly, we demonstrated for the first time[20]
that the rs738409 was also significantly associated with
histological disease severity; a finding that was replicated
by others[21-23]. In fact, the G allele significantly increases
the risk of progressive liver disease (odds ratio 1.88 per
G allele; 95% CI: 1.03-3.43; P < 0.04)[20,12].
Overall, the most remarkable conclusion about the
impact of the genetic variation in PNPLA3 on NAFLDrelated outcomes is the strong effect that the rs738409
has on the susceptibility of fatty liver, because the pro-
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ABL1
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Figure 2 Protein network around patatin-like
phospholipase domain containing 3 by the Search
Tool for the Retrieval of Interacting Genes/Proteins
resource (http://string-db.org/). The interactions
include direct (physical) and indirect (functional) associations; they are derived from four sources: Genomic
Context, High-throughput Experiments, ConservedCoexpression and Previous Knowledge. PNPLA3:
Patatin-like phospholipase domain containing 3; LIPF:
Lipase, gastric; SNX4: Sorting nexin 4; AGPAT9:
1-acylglycerol-3-phosphate O-acyltransferase 9; MGLL:
Monoglyceride lipase; GPAM: Glycerol-3-phosphate
acyltransferase, mitochondrial; AGPAT3: 1-acylglycerol3-phosphate O-acyltransferase 3; LIPC: Lipase, hepatic;
MBOAT2: Membrane-bound O-acyltransferase domain
containing 2; LCLAT1: Lysocardiolipin acyltransferase 1;
AGPAT4: 1-acylglycerol-3-phosphate O-acyltransferase
4; LPCAT3: Lysophosphatidylcholine acyltransferase
3; AGK: Acylglycerol kinase; PNLIPRP1: Pancreatic
lipase-related protein 1, GPAT2: Glycerol-3-phosphate
acyltransferase 2, mitochondrial; PNLIP: Pancreatic
lipase; PDLIM1: PDZ and LIM domain 1; AGPAT2:
1-acylglycerol-3-phosphate O-acyltransferase 2; CEL:
Carboxyl ester lipase; EIF2C4: Eukaryotic translation
initiation factor 2C, 4; HCK: Hemopoietic cell kinase;
AGPAT6: 1-acylglycerol-3-phosphate O-acyltransferase
6; ENSG00000228892: 1-acyl-sn-glycerol-3-phosphate
acyltransferase.

portion of the total variation attributed to the SNP genotypes is about 5.3%[20]. This effect is perhaps one of the
strongest ever reported for a common variant modifying
the genetic susceptibility for a complex disease.
Furthermore, the rs738409 variant not only modifies the biology of NAFLD but also has a considerable
impact on the genetic susceptibility to alcoholic liver disease[24-26], and hepatitis-C-virus-induced fatty liver[23], and
is a strong predictor of hepatocellular carcinoma occurrence among patients with cirrhosis[27,28], indicating that
these diverse liver diseases may share common pathophysiological pathways.
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Figure 3 Interaction between patatin-like phospholipase domain containing 3 and glycerol-3-phosphate acyltransferase 2. Prediction was performed by the
tool BioGraph (http://biograph.be/about/welcome), a data mining framework that allows for the automated formulation of comprehensible functional hypotheses relating a context to targets. PNPLA3: Patatin-like phospholipase domain containing 3; GAPT2: Glycerol-3-phosphate acyltransferase 2; AGAPT9: Acylglycerol-3phosphate acyltransferase isoform.

PNPLA3: Short summary about gene structure and variation
PNPLA3 gene is located in chromosome 22 (22q13.31)
and has nine exons; its transcript length is 2805 bp and
it is translated to a protein of 481 amino acids. There
are 34 SNPs with reported frequency and heterozygosity
information in the HapMap (www.hapmap.org). Nevertheless, among all known PNPLA3 variants in coding or
noncoding regions, there are three SNPs that have shown
association with NAFLD-related phenotypes, including
the rs738409. One is the rs6006460 (S453I) that after gene
resequencing is associated with lower hepatic fat content
in African Americans[11]. The other SNP is the nonsynonymous rs2294918 (Lys434Glu) that is significantly associated with serum alanine aminotransferase levels[29]. Haplotype analysis of PNPLA3 shows that the rs738409 is in
moderate linkage disequilibrium (LD) (r2: 0.65) with the
other variants, including rs2294918 (Figure 4). Thus, this
scenario precludes any imputation across the PNPLA3
locus centered on rs738409, and suggests that the I148M
variant might be the casual variant in the susceptibility of
fatty liver. However, Figure 5 shows annotation of nearby
SNPs in LD (proxies) with rs738409 based on HapMap
data and a nearby locus, such as SAMM50 that is a component of the sorting and assembly machinery (SAM)
complex of the outer mitochondrial membrane. The SAM
complex has a role in integrating β-barrel proteins into
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the outer mitochondrial membrane, and makes SAMM50
a good candidate because mitochondrial dysfunction may
play a major role in NAFLD pathogenesis, as suggested
by experimental models[30] and human studies[31]; nevertheless, this issue deserves further investigation.
Another interesting feature to highlight is the population diversity of rs738409. Genome diversity data extracted from http://www.ncbi.nlm.nih.gov/SNP/ shows
that the risk allele G is highly prevalent around the word,
with an average prevalence close to 0.70 from Caucasian
to Yoruban populations. Negative selection of the ancestral allele that seems to be the C allele (http://www.ensembl.org), which is shared by chimpanzees, orangutans,
macaques, and other species, suggests that environmental pressures have exerted a strong influence. However,
this picture probably reflects a sort of confusion about
the reference strand and probably these annotation data
refer to the minus strand when the gene is located in the
plus strand, and the real frequency of the risk allele G is
< 50% in all populations. In fact, published data[12] from
rs738409 association studies show that the most prevalent allele is certainly the reference allele C.
PNPLA3: Mechanisms of control of gene and protein
expression and unexplored areas of research
PNPLA3 is a multifunctional enzyme that has both triac-

6021

November 14, 2012|Volume 18|Issue 42|

Sookoian S et al . PNPLA3 and NAFLD

A
C

42655k

ACCA
CAAG

42656k

A GG
G AA

42657k

GTG
A CA

42658k

CG
AA

C
T

42659k

CC
TT

42660k

T T
C A

42661k

GG G C
CA AT

42662k

42663k

C
G

G
A

ACGA
DTCT

G
C

rs2076208

A
G

rs4823174

42653k 42654k
Genotyped SNPs

rs1977081

chr22

TG
CA

42664k

42665k
T
G

42666k

42667k

CC
GT

T
C

42668k

42669k

A T
G G

GG
AA

42670k
T
C

42671k
GC
AT

42672k
G
C

T T C
G C A

42673k
T T AG C
C C GT T

Entrez genes
NM_025225

Block 1
(0 kb)

5

6

Block 2
(0 kb)

7

Block 3 (3 kb)

8

9 10 11

12 13 14 15 16

rs2294919

rs2294918

rs2294917

rs6991187

rs2294916

rs3810622

rs926633

rs1010022

rs1010023

rs2073081

rs2896019

rs2072907

rs2281135

rs1883349

rs2076210

rs2076211

rs4823173

rs1883350

rs11090617

rs12483959

rs5764034

rs738409

rs139051

4

rs2006943

rs9625961

3

rs738410

rs139047

2

rs734561

rs2076212

1

rs738407

rs4823104

PNPLA3: Patatin-like phospolipase domain containing 3

Block 4 (13 kb)

17 18 19 20

21 22 23 24

25 26 27 28 29 30

31 32 33 34

Figure 4 Linkage disequilibrium plot across the patatin-like phospholipase domain containing 3 gene. The horizontal white line depicts the DNA segment of
chromosome 22q13.31. The rs738409 location is highlighted in a black ellipse. An LD plot is depicted in the bottom part of the figure: each diamond represents the
magnitude of LD for a single pair of markers, with colors indicating strong LD (red r2 = 1.0) and no LD (white, rr = 0) as the extremes (different red tones indicate intermediate LD). Numbers inside the diamonds stand for r2 values. Haplotype analysis of PNPLA3 shows that the rs738409 is in moderate LD (no more than r2: 0.65) with
other variants. Plot was obtained by the software Haploview 2.0 freely available at www.broad.mit.edu/mpg/haploview/. LD: Linkage disequilibrium; PNPLA3: Patatinlike phospholipase domain containing 3.

Table 1 Patatin-like phospholipase domain containing 3 protein features and functions
PNPLA3 belongs to the IPLA2/lipase family. The protein encoded by PNPLA3 is a triacylglycerol lipase that mediates triacylglycerol hydrolysis in adipocytes. Multifunctional enzyme that has both triacylglycerol lipase and acylglycerol O-acyltransferase activity (http://genatlas.medecine.univ-paris5.fr/)
Lipid hydrolase with an unusual folding topology that differs from classical lipases[38]
The enzyme is highly regulated by changes in energy balance: nutritional control of PNPLA3 being affected by a feed-forward loop[36]
PNPLA3 mRNA increases during differentiation of rat adipocytes in an insulin-dependent manner[39]
PNPLA3 mRNA expression is upregulated by tri-iodothyronine in adipocytes in vitro, in humans and rats, and in vivo in rat WAT[39]
PNPLA3 mRNA expression is upregulated by tri-iodothyronine in adipocytes in vitro, in humans and rats, and in vivo in rat white adipose tissue[40]
Promoter region of the human adiponutrin/PNPLA3 gene is regulated by glucose and insulin[33]
Fasting significantly downregulates PNPLA3 mRNA expression in liver and adipose tissue[35]
Feeding significantly upregulates PNPLA3 mRNA in liver and fat[34]
Liver PNPLA3 mRNA is expressed in human liver in higher levels compared with adipose tissue[36]
PNPLA3 mRNA is highly expressed in liver of b/ob mice[40] and visceral and subcutaneous adipose issue in obese humans[41]
PNPLA3 mRNA is expressed in hepatocytes but not in Kupffer cells[35,36]
PNPLA3 is expressed in hepatocytes but not in liver endothelial and Kupffer cells; microarray-based gene profiling showed that the expression level of
PNPLA3 in hepatocytes is correlated with that of genes associated with the lipogenic pathway such as ME1, SPOT14, and SCD1[35]
PNPLA3 is regulated in human hepatocytes by glucose via ChREBP[42]
SREBP1c is able to induce PNPLA3 expression in human immortalized hepatocytes and in HepG2 hepatoma cells[37]
PNPLA3: Patatin-like phospholipase domain containing 3; SREBP1c: Sterol regulatory element binding protein 1; ChREBP: Carbohydrate-responsive element-binding protein; ME1: Malic enzyme; SCD1: Stearoyl-CoA desaturase 1.
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Figure 5 Regional Linkage disequilibrium plot for the rs738409 at chromosome 22 (22q13.31). The single nucleotide polymorphisms are plotted
with their proxies (showed as diamonds) (based on HapMap data for CEU) as
a function of genomic location, annotated by the recombination rate across
the locus and nearby genes. The regional association plot was performed by
the SNAP server, available at http://www.broad.mit.edu/mpg/snap/. SULT4A1:
Sulfotransferase-4A1; PNPLA5: Patatin-like phospholipase domain containing
5; PNPLA3: Patatin-like phospholipase domain containing 3; SAMM50: Sorting
and assembly machinery component 50 homolog.
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ylglycerol lipase and acylglycerol O-acyltransferase activity[32]; subfamily hierarchy of PNPLA3 protein is shown
in Figure 6. A summary of PNPLA3 protein characteristics and mechanisms of gene regulation is shown in
Table 1. A very interesting feature of PNPLA3 protein
is that is induced by several nutritional factors, such as
oleic acid, C18:2 fatty acid, palmitic acid, glucose, insulin
and lactone. Moreover, it was shown that the promoter
activity of PNPLA3 is upregulated by glucose concentrations in a dose-dependent manner[33]. Adiponutrin was
initially regarded as a dietary and obesity-linked protein[34].
Furthermore, Hoekstra et al[35] suggested that PNPLA3
plays an important role in hepatic lipid metabolism under
conditions of lipid excess. In the light of these findings, subsequent studies were conducted to evaluate how
PNPLA3 is transcriptionally regulated, and most of the
experiments were focused to answer the question whether
the lipogenic transcription factor sterol regulatory element
binding protein 1 (SREBP-1) was orchestrating these
events. Interestingly, Huang et al[36] demonstrated in mice
that PNPLA3 mRNA levels are regulated by SREBP-1c
as they found a SREBP1c binding site mapped to intron
1 of PNPLA3. In particular, Huang et al[36] observed robust transcriptional upregulation of PNPLA3 expression
with carbohydrate feeding mediated by activation of liver
X receptor/retinoic acid receptor (RXR) and increased
levels of SREBP1c. In agreement with this finding, we
observed in a high-fat-induced rat NAFLD model that
liver transcript levels of RXR-α were significantly upregulated in fatty liver in comparison with normal liver (RXR-α
mRNA/TATA box binding protein mRNA ratio: 11.71 ±
1.11 vs 6.48 ± 1.15, respectively, P = 0.008), data adjusted
by HOMA-IR (homeostatic model assessment-insulin resistance) using analysis of covariance, (unpublished data).
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Figure 6 Domain family hierarchy of patatin-like phospholipase domain
containing 3 protein. Data extracted from NCBI-curated domains at http://www.
ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml. This picture provides data about how
patterns of residue conservation and divergence in a family relate to functional
properties. In this particular case, picture shows the patatin-like phospholipase
family. Patatin is a storage protein, but it also has the enzymatic activity of a lipid
acyl hydrolase, catalyzing the cleavage of fatty acids from membrane lipids.
Members of this family have also been found in vertebrates. This family also
includes the catalytic domain of cytosolic phospholipase A2 (PLA2; EC 3.1.1.4)
hydrolyzes the sn-2-acyl ester bond of phospholipids to release arachidonic acid.
At the active site, cPLA2 contains a serine nucleophile through which the catalytic
mechanism is initiated. PNPLA3: Patatin-like phospholipase domain containing 3;
TGL: Triglyceride lipase; PLP: Pyridoxal phosphate.

In addition, in vitro data show that mouse but not
human PNPLA3 gene expression is under the transcriptional control of carbohydrate-responsive elementbinding protein (ChREBP)[37].
Unexplored mechanism of gene expression regulation
As shown in Figure 7, the promoter of PNPLA3 gene
has a typical chromatin structure [a peak of histone 3
lysine 4 trimethylation (H3K4me3) between the bimodal
peaks of H3K4me1] and is DNase hypersensitive. The
gene lies between two CCCTC-binding factor (CTCF)bound sites that could be tested for insulator activity. An
intronic H3K4me1 peak predicts an enhancer element,
corroborated by the DNase Ⅰ hypersensitivity site peak.
The presence of a CpG island is typical of an active
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Figure 7 Prediction of patatin-like phospholipase domain containing 3 gene structure extracted from The University of California-Santa Cruz (UCSC) Genome Browser. http://www.genome.ucsc.edu/.

Table 2 In silico prediction of rs738409 C or G alleles as putative and differential target sites of microRNA
rs738409-C miRNA
hsa-miR-1233
hsa-miR-1249
hsa-miR-129-5p
hsa-miR-155
hsa-miR-365
hsa-miR-433
hsa-miR-498
hsa-miR-517a
hsa-miR-517c
hsa-miR-578
hsa-miR-586
hsa-miR-874

rs738409-G miRNA
hsa-miR-1181, hsa-miR-1295, hsa-miR-1298, hsa-miR-133a, hsa-miR-133b
hsa-miR-135a, hsa-miR-136, hsa-miR-139-5p, hsa-miR-190b, hsa-miR-222
hsa-miR-297, hsa-miR-324-5p, hsa-miR-331-5p, hsa-miR-34c-5p, hsa-miR-362-5p
hsa-miR-370, hsa-miR-370, hsa-miR-376b, hsa-miR-384, hsa-miR-412, hsa-miR-432
hsa-miR-449a, hsa-miR-449b, hsa-miR-452, hsa-miR-455-5p, hsa-miR-509-3-5p
hsa-miR-511, hsa-miR-513a-5p, hsa-miR-513b, hsa-miR-515-3p, hsa-miR-516a-3p
hsa-miR-516b, hsa-miR-518d-5p, hsa-miR-519b-5p, hsa-miR-519c-5p, hsa-miR-519e
hsa-miR-526a, hsa-miR-550, hsa-miR-552, hsa-miR-554, hsa-miR-557, hsa-miR-579
hsa-miR-582-5p, hsa-miR-584, hsa-miR-593, hsa-miR-600, hsa-miR-600, hsa-miR-601
hsa-miR-609, hsa-miR-613, hsa-miR-623, hsa-miR-623, hsa-miR-623, hsa-miR-629
hsa-miR-632, hsa-miR-636, hsa-miR-642, hsa-miR-642, hsa-miR-654-5p, hsa-miR-659
hsa-miR-661, hsa-miR-663b, hsa-miR-664, hsa-miR-668, hsa-miR-760, hsa-miR-875-5p

Prediction was assessed by PITA miRNA prediction tool. Each allele was represented by at least 60 bp around the polymorphic base using a seed of 7 bp.

promoter. The coding sequence is well conserved across
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species and there is no known alternative splicing of the
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Table 3 Results of search for miRNA target sites on the 3’ untranslated region of the patatin-like phospholipase domain containing 3
gene by DIANA-microT v3.0 prediction tool
miRNA name
hsa-miR-769-3p
hsa-miR-769-3p
hsa-miR-769-3p
hsa-miR-769-3p
hsa-miR-516a-3p
hsa-miR-516a-3p
hsa-miR-516a-3p

Binding category

UTR start

UTR stop

8mer (pos 1)
7mer (pos 2)
7mer (pos 1)
7mer (pos 1)
8mer (pos 1)
7mer (pos 2)
8mer (pos 2)

89
389
699
834
128
216
591

117
417
727
862
156
244
619

mRNA. PNPLA3 is an OMIM-related gene (number
609567). These data were extracted from The University
of California-Santa Cruz (UCSC) Genome Browser.

5

Concluding remarks and future research directions:
Possible role for rs738409 alleles in modifying miRNA
target sites
SNPs associated with polygenetic disorders, such as
NAFLD, can destroy or create miRNA binding sites. We
hypothesize that disruption of miRNA target binding by rs738409 alleles may play a role in the effect of
the gene variant on fatty liver disease susceptibility. To
test this, we analyzed in silico whether the rs738409 C or
G alleles have the ability to modify miRNA binding sites
and miRNA gene regulation by using the PITA microRNA prediction tool (http://genie.weizmann.ac.il/
pubs/mir07/mir07_prediction.html). We observed that
rs738409 alleles show potentially different miRNA binding sites (Table 2), suggesting a putative different role in
regulation of gene regulation; a hypothesis that has to
be proven experimentally. Finally, although these data do
not explain the association of the rs738409 variant with
NAFLD, it is worth noting that prediction of PNPLA3
target miRNA by DIANA-microT v3.0 (http://diana.cslab.ece.ntua.gr/microT/) shows two miRNAs potentially
interacting in the 3’UTR region (hsa-miR-769-3p and
hsa-miR-516a-3p) (Table 3).
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Human endogenous retroviruses and cancer: Causality and
therapeutic possibilities
Christina S Mullins, Michael Linnebacher
novel tumor-specific antigens with even the potential
to surpass entity boundaries. The development of new
tumor (immune-) therapies is a very active field and
true tumor-specific targets are of outstanding interest
since they minimize the risk of autoimmunity and could
reduce side effects. Finally, we postulate on main future research streams in order to stimulate discussion
on this hot topic.
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Abstract
A substantial part of the human genome is derived
from transposable elements; remnants of ancient retroviral infections. Conservative estimates set the percentage of human endogenous retroviruses (HERVs)
in the genome at 8%. For the most part, the interplay
between mutations, epigenetic mechanisms and posttranscriptional regulations silence HERVs in somatic
cells. We first highlight mechanisms by which activation of members of several HERV families may be associated with tumor development before discussing the
arising chances for both diagnosis and therapy. It has
been shown that at least in some cases, tumor cells
expressing HERV open reading frames (ORFs) thus
gain tumor-promoting functions. However, since these
proteins are not expressed in healthy tissues, they
become prime target structures. Of potential pharmacological interest are the prevention of HERV transposition, the inhibition of HERV-encoded protein expression and the interference with these proteins’ activities.
Evidence from recent studies unequivocally proves
that HERV ORFs represent a very interesting source of

WJG|www.wjgnet.com

Mullins CS, Linnebacher M. Human endogenous retroviruses
and cancer: Causality and therapeutic possibilities. World J
Gastroenterol 2012; 18(42): 6027-6035 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i42/6027.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i42.6027

HUMAN ENDOGENOUS RETROVIRUSES:
AN INTRODUCTION
Human endogenous retroviruses (HERVs) are remnants
of ancient retroviral infections. Many insertions into
the genome have taken place tens of millions of years
ago[1,2]. Since the first set of data on the human genome
project has been published in 2001, it is well established
that about 8% of the genome consists of HERVs and
their total number is approximately 3 × 105 copies[3].
Generally, HERVs are classified into three groups:
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class Ⅰ [gamma (like) retroviruses], class Ⅱ [beta (like)
retroviruses] and class Ⅲ [spuma (like) retroviruses][1].
The most common nomenclature utilizes the single-letter amino acid code corresponding to the tRNA primer
that is used for reverse transcription of the HERV genome[4]. For the most part, their canonical structure of a
single open reading frame (ORF) consists of the gag, pol
and env genes flanked by 5’ and 3’ long terminal repeats
(LTR)[2,5]. The latter features are what endogenous and
exogenous retroviruses have in common.

influenced by HERVs are enhancement and promotion
of gene expression. In a study on primate evolution
ERV-9 LTR sequences were found in higher primates
and humans. In the latter, tissue specific enhancer activity could be detected in hematopoietic cells and even
stronger in embryonic cells[17]. HERV-E LTR functions
as enhancer for endothelin B receptor and apolipoprotein C-Ⅰ genes in humans[18]. Furthermore, HERV
sequences also give rise to novel or alternative splicing
and polyadenylation sites[19]. They also can be involved
in membrane fusion, with Syncytin in the placenta being
the most prominent representative here of[20].

ENDOGENIZATION
Following a retroviral infection, the fate of the host
depends on the pathogenicity of the infectious virus.
Highly pathogenic ones will kill the host whereas ones
with only weak pathogenicity may manage to infect
many different cell types, including reproductive tissue
cells. Subsequently, an endogenous retrovirus will establish if virus and host proceed to fixation of the virus’
sequences in the host genome. This process has been
termed endogenization or molecular domestication[6].
In most cases, HERV activities have been silenced by a
variety of mechanisms. Mutational inactivation includes
deletions as well as point mutations and probably has
been triggered by specific regulatory proteins such as
APOBEC [7,8]. Furthermore, epigenetic mechanisms
including methylation and histone modification contributed to HERV inactivation[9]. Besides directly silencing
the expression, posttranscriptional regulation further
protects the host’s genome[10]. It has been argued that
the presence of such a high number of HERV copies
must be advantageous for the host, too[11]. An amazing
idea suggests that over time of evolution, retroelements
like HERVs actively contribute to the development
of novel physiological capacities[12,13]. It is for example
easily imaginable that a de novo ORF which basically
encodes a membrane protein may give rise to a protein
with novel functions when mutated. If such a protein
is beneficial to the host, it will be fixed. Thus, HERVs
are together with other mobile genetic elements drivers of the (human) evolution by providing material for
genomic evolution, variation and natural selection[6,12,14].
This argumentation adds another level of complexity to
the relationship of humans (and all other vertebrates)
and retroviruses[15]. Consequently, HERVs must not be
considered as parasites but as true symbionts - on the
population level. However, the individual risk for de novo
insertions is rather low with estimated rates of only 1 in
100 births[16].

HERV AND CANCER
A variety of oncogenic mechanisms have been attributed
to animal oncogenic retroviruses[21,22]. Moreover, it has
been suggested, that failures and errors in single somatic
cells’ efficiency to control HERV activity potentially results in genome damage and may thus contribute to the
formation of cancer[14]. The possible oncogenic mechanisms of HERVs include (Figure 1): (1) the general or
more specific (re)activation of HERV sequences by
hypomethylation[23-25]; (2) the expression of HERV encoded oncogenes such as Rec and NP9[26]; (3) the inactivation of tumor suppressor genes by de novo insertion or
translocation of retroelements within the genome[26]; (4)
the regulation of nearby (proto-) oncogenes or growth
factors by the regulatory sequences of LTRs[27,28]; and
(5) the potential of Env proteins to induce cell fusions,
which may contribute to tumor progression or even aid
in metastasizing processes[29]. Far from being complete,
this is already a quite impressive list. An additional aspect
comes from the observation that Env proteins of the
mouse leukemia virus, the Mason-Pfizer monkey virus
and also of HERV-K have strong immunosuppressive
properties and may thus help tumor cells evade an antitumoral immune response[26,30,31].
Methylation
As a general rule, all human regulatory genomic sequences
become methylated unless specific factors prevent methylation[23]. In addition, methylated sites are more prone to
mutations[23] and by this means, virus inactivation is further
strengthened. Demethylation of regulatory regions is possible in the context of normal physiological processes by
strong transcriptional activators. Re-expression of methylated sites is also possible during cell stress dependent
on chromatin remodeling as a reaction to this stress[32].
Obviously, the maintenance of methylation patterns and
status must play a central role in HERV transcriptional
control. In healthy somatic and mature germ cells HERV
sequences are generally (hyper-) methylated. Thus, HERV
transcriptional activity is mainly restricted to germ cell
development or the desensitization of check-point activation in meiotic cells. This mechanism may also be responsible for a high(er) retroelement expression in germ cell
tumors[23]. In somatic cells, severe global hypomethylation

PRESERVED FUNCTIONS
Although the vast majority of HERV sequences have
been inactivated over time as outlined above, there are
some examples of HERVs with potentially useful functional modules; comparable to the proviruses of their
exogenous counterparts. Among the cellular functions
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Figure 1 Possible mechanisms by which human endogenous retroviruses contribute to oncogenesis. Human endogenous retroviruses (HERVs) transcripts
or proteins may directly have tumor promoting properties. The long terminal repeat (LTR) elements can function as promotors or enhancers for nearby (proto-) oncogenes or growth factors. Especially Env proteins might attract regulatory immune cells and thus provide an immunosuppressive microenvironment. And finally, the Env
proteins may be directly involved in the metastasizing process.

leads to apoptosis induction mediated by TP53 and other
tumor suppressive factors[33]. Premalignant and malignant
cells are typically insensitive to apoptosis induction[34] and
aberrant expression from normally methylated promoters is a main oncogenic force. In line with this, a general
hypomethylation of HERV sequences can be found in
the cancer cells of different entities, including testicular
germ cell cancer, teratocarcinomas, colorectal, breast and
ovarian cancer[35-39]. However, methylation analyses are
biased by a lack of accuracy of the bisulfide sequencing
technique[40]. When not highly standardized, this may account for a number of false positive or negative results in
methylation analyses. Thus, it is always recommended to
combine methylation analyses together with an investiga-
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tion of mRNA or superior protein expression.
HERV ORF expression
Of interest, Syncytin-1 is the only expressed HERV sequence with a presumable physiological function. Syncytin-1 expression takes place in the placenta in the context
of syncytiotrophoblast generation by cellular fusion of
precursor cells, the cytotrophoblasts[41,42]. This expression
follows after a general hypomethylation of a HERV-W
env sequence and the Env protein is considered to contribute to this cellular fusion process. It may be a coincidence, but for many tumor entities, naturally occurring
cellular fusions have been described[43-45] and this may hint
towards the expression of similar HERV Env proteins.
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Expression of HERV sequences has been described for
several tumor entities including melanoma, breast, ovarian, prostate and colon cancer[37-39,46,47]. Active retrotranspositions cause DNA strand-breaks and will thus lead to
an activation of check-point signaling, e.g., TP53. Thus,
transpositions as another mechanism for HERV reexpression may consequently occur especially in tumors
with defect check-points and TP53 mutations[23].

Future studies will have to analyze whether the immunological recognition of HERV sequences is executed
by highly avid or only by intermediate avid T cells and
antibodies. Also, it must be carefully analyzed, which
HERV sequences give rise to strong immune responses
when aberrantly expressed in tumor cells. We would like
to state that immune recognition is a strong indicator for
endogenous expression of a given HERV protein, as has
been shown for other tumor antigens[64]. Of note, T cell
reactions against HERVs, such as HERV-K, HERV-L
and HERV-H, were associated with successful control
of human immunodeficiency virus (HIV) in a subset of
HIV patients[65]. It can be anticipated that this association
of successful HIV control by HERV specific immune reactions will be translated into the tumor field. One of the
major questions with clinical relevance is whether HERVspecific immune signatures can be associated with better
prognosis or not.

Tumor induction/promotion
Beside sheer tumor specific expression, HERVs have
repeatedly been discussed to induce or promote tumorigenesis. Potential mechanisms have been outlined in the
preceding paragraphs. Here we want to gather the bits
of evidence that have been obtained so far.
Several groups could show the production of HERVderived proteins or even of viral particles in tumor cells[48-54].
In a mouse study, Howard and coworkers could directly
link genome hypomethylation to ERV up-regulation[55].
Further research could make the connection between hypomethylation of (H)ERVs and chromosomal instability;
it is by mediating ectopic recombination[56]. These HERVinduced recombination events have been found to produce large scale chromosomal anomalies[57], a hallmark of
most tumors[34]. Finally, Lamprecht and colleagues could
link the deregulated expression of the colony-stimulating
factor 1 receptor (CSF1R) in B cell-derived Hodgkin’s lymphoma cells to hypomethylation of an up-stream HERVderived LTR, which promotes ectopic expression of the
CSF1R proto-oncogene [58]. However, the question if
the reactivation of a (pro-) virus could actively promote
cellular transformation or at least contribute to tumor
progression is formally unsolved for human cancer. Similarly, it is unknown, if HERV activation is an early or a
late step in tumor formation. Still, when considering the
above listed bits of evidence, it seems reasonable to conclude that HERVs’ contribution to the multi-step process
of tumor development in humans is very likely[14].

THERAPEUTIC STRATEGIES
Assuming that in the normal physiology of adult tissues,
HERVs do not play a vital role and following the line of
evidence that HERV sequences are of significance in tumor formation, development and metastasis, HERVs recommend themselves as prime targets for tumor therapy.
Several targeting strategies have been suggested (Figure
2 for an overview) and first experimental results can be
found in the literature.
Inhibition
In the light of the tremendous success in HIV control
with infected people treated by antiretroviral combination therapies, it would make sense to simply reverse the
expression of HERV sequences in human tumor cells.
The group of Carlini analyzed the effect of a reverse
transcription inhibitor (Abcavir) on prostate cancer cell
lines[66]. It showed a strong anti-proliferative capacity and
even triggered senescence in the cancer cells. Interestingly, the authors found an up-regulation of transcripts
from LINE elements in the treated cells but unfortunately, they did not analyze HERV expression[66].
A direct targeting of HERV proteins by small molecular inhibitors or via RNA interference would also be
worth trying. However, this has not yet been done. Therapeutical use of natural inhibitors of retroviruses such
as APOBEC[67,68] or TRIM5[69] would be another possible
future option. First, detail knowledge on how and when
such retroviral restriction elements act on HERVs must
be build up.

Immune responses towards HERV sequences
The human immune system’s capability to recognize
HERV sequences has so far only scarcely been analyzed.
However, some examples can be found in the literature.
In patients with kidney cancer, cytotoxic T lymphocytes
(CTLs) reactive to a HERV-E sequence encoded on
chromosome 6q were found[59]. Serological responses
and CTLs reactive to HERV-K sequences were detected
in melanoma patients [60,61]. Anti-Env antibodies for
HERV-K, -E and ERV3 were present in sera of patients
with ovarian cancer[38] and in male patients with germ
cell tumors[62]. Similarly, in breast cancer patients, antiHERV-K serum antibodies were detected together with
HERV-K-specific CTLs[63]. The orchestrated activation
of both arms of the adaptive immune system in the latter cases is a strong indicator of HERV sequences’ high
immunogenicity. Consequently, one may conclude that
at least no strong tolerance towards HERV encoded
sequences is induced during lymphocyte development.
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Passive immune therapy
Only very recently, Wang-Johanning and coworkers
designed a monoclonal antibody (mAb) recognizing a
HERV-K Env protein. They described that HERV-K Env
protein expression was substantially higher in malignant
breast cancer cell lines than in non-malignant breast cells.
Furthermore, HERV-K expression was detected in 148
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Figure 2 Therapeutic possibilities to target tumor cells with active human endogenous retroviruses. Expressed Env proteins may be targeted by therapeutic
monoclonal antibodies. (Re-) activation of retroelement-controlling proteins may help to reduce human endogenous retrovirus (HERV) activities. Small molecule inhibitors of HERV proteins or inhibitory targeting of expressed HERV sequences potentially will prevent oncogenic properties of HERV and harm or kill tumor cells with
activated HERV oncogenesis. HERV proteins with tumor-specific antigen properties can be targeted by specific T cells. LTR: Long terminal repeat; MHC: Major histocompatibility complex.

(66%) of 223 primary breast tumors. And a higher rate of
lymph node metastasis was associated with HERV-K-positive tumors. Anti-HERV-K-specific mAbs inhibited tumor growth and induced apoptosis of breast cancer cells
in vitro. Mice treated with these mAbs showed significantly
reduced growth of xenograft tumors. In vitro, this treatment resulted in an over-expression of several proteins
involved in the apoptotic signaling pathways in malignant
breast cells[70]. In principle, targeting HERV Env proteins
by therapeutical antibodies should be exploitable to all
individual tumors expressing HERV Env. Moreover, passive immune therapies may well be applied in combination
with active immune therapies.

tumor antigens by lymphocytes.
Researchers distinguish between tumor-associated
antigens (TAAs) and tumor-specific antigens (TSAs).
TAAs are antigens that are expressed in normal tissue
but to a much higher extent in malignant cells. Contrary
to this, TSA are truly specifically expressed in tumor
cells alone. Beside specific point[71] or frameshift mutations[72], proteins from tumor-inducing viruses[73] for the
most part form this class of tumor antigens. Most of the
features an ideal TSA should possess have been assigned
to HERV encoded proteins. This being beside exclusivity also the necessity of expression for maintenance of
the cancer cells’ transformed state. Thus, immune-escape
by simple down-regulation of expression is prevented[74].
Moreover, to ease therapy development, ideal TSA expression should be not only present in single tumors but
shared between individual tumors of a given entity or
even superior between tumors of different entities[75,76].
Finally, the immune system should be able to mount
both a cellular and a humoral response[63]. When summing up these desired properties of TSAs attributable to
(at least some) HERV-encoded proteins, one may conclude that they might indeed be ideal targets for tumor
immunotherapy. Because of the multitude of HERV-

Active immune therapy
The ideal cancer therapeutic agent should be able to
discriminate between cancer and normal cells (i.e.,
specificity) and be potent enough to kill small or large
numbers of tumor cells (i.e., sensitivity). A feature that
makes immunotherapies unique is that an ideal cancer
immunotherapy should be able to prevent recurrence of
the tumor (i.e., durability). In the last decades it became
increasingly apparent that this durability in prevention
of tumor recurrences is due to persistent recognition of
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some of the open questions and obvious tasks in the
HERV/tumor field: APOBEC and other retroelement
controlling factors are likely to be inactivated in cancer
cells with active HERV-driven oncogenesis. If this is
frequently the case, they must be considered tumor suppressor genes and screening for their inactivation would
possibly hint towards specific HERV activation.
HERV-encoded TSAs are released into the circulation[79] and thus screening of HERV-TSA blood levels
will become an interesting field of investigation. Similarly, HERV-specific (immune-) therapies will be developed
in the near future for several tumor entities. For these
immunotherapies, beside knowledge about expression in
different tumors, the level of tolerance towards HERVTSAs will guide the decision on which candidates to
investigate in clinical trials.

encoded sequences one can even expect that the development of a polyvalent (i.e., containing many epitopes)
vaccine basing only on HERV epitopes may be possible.
Even more visionary, actual bioinformatics approaches
will allow the identification of immunogenic core epitopes shared between different HERV copy ORFs active
in different tumor entities in order to design a universal
HERV-based vaccine. As a first step in that direction, we
recently described two CD8+ T cell epitopes encoded by
a HERV-H copy located on Xp22.3[77].

FUTURE PERSPECTIVES
At the moment, in the field of HERVs more questions
are open than answered. Are there human (tumor-)
cells producing virus particles? If so, are those particles
infectious? Further analyses on expression of HERV sequences and proteins - and in especially of Env proteins
- would add to the full picture and understanding of the
relationship of tumors and endogenous retroviruses.
In a first step the mutual interaction between HERV
Env and the immune system, also in a suppressive manner, has been addressed[26,30,31]. These analyses should
be expanded. Especially a broader knowledge on tumor
infiltrating cells specific for HERV epitopes and their
prognostic value would be interesting. Furthermore, it
would be very beneficial to know if there is a correlation
between tumor grade, stage, progression or outcome and
the expression of HERV sequences.
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Celiac disease: Prevalence, diagnosis, pathogenesis and
treatment
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specificities when small bowel villous atrophy is present on biopsy. Currently, the only treatment available
for CD individuals is a strict life-long GFD. A greater
understanding of the pathogenesis of CD allows alternative future CD treatments to hydrolyse toxic gliadin
peptide, prevent toxic gliadin peptide absorption,
blockage of selective deamidation of specific glutamine
residues by tissue, restore immune tolerance towards
gluten, modulation of immune response to dietary gliadin, and restoration of intestinal architecture.
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Abstract
Celiac disease (CD) is one of the most common diseases, resulting from both environmental (gluten) and genetic factors [human leukocyte antigen (HLA) and nonHLA genes]. The prevalence of CD has been estimated
to approximate 0.5%-1% in different parts of the
world. However, the population with diabetes, autoimmune disorder or relatives of CD individuals have even
higher risk for the development of CD, at least in part,
because of shared HLA typing. Gliadin gains access
to the basal surface of the epithelium, and interact
directly with the immune system, via both trans- and
para-cellular routes. From a diagnostic perspective,
symptoms may be viewed as either “typical” or “atypical”. In both positive serological screening results suggestive of CD, should lead to small bowel biopsy followed by a favourable clinical and serological response
to the gluten-free diet (GFD) to confirm the diagnosis.
Positive anti-tissue transglutaminase antibody or antiendomysial antibody during the clinical course helps to
confirm the diagnosis of CD because of their over 99%

WJG|www.wjgnet.com

Gujral N, Freeman HJ, Thomson ABR. Celiac disease: Prevalence, diagnosis, pathogenesis and treatment. World J Gastroenterol 2012; 18(42): 6036-6059 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i42/6036.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i42.6036

INTRODUCTION
Celiac disease (CD) is a life-long gluten-sensitive autoimmune disease of the small intestine affecting genetically
susceptible individuals worldwide. CD individuals may
present gastrointestinal symptoms, extraintestinal symptoms or no signs of symptoms. The classical symptoms
include gastrointestinal-related symptoms such as diarrhea, steatorrhea and weight loss due to malabsorption.
About 50% of CD patients present extraintestinal or

6036

November 14, 2012|Volume 18|Issue 42|

Gujral N et al . Celiac disease: Demography, diagnosis, pathogenesis and treatment

atypical symptoms, such as anemia, osteoporosis, dermatitis herpetiformis, neurological problems and dental
enamel hypoplasia[1-3]. The variable clinical picture of CD
is due to having both genetical and immunological bases,
with age of onset, extent of mucosal injury, dietary habits, and gender[4], affecting the clinical manifestation of
the disease.
CD diagnosis is based on presence of predisposing
genetic factor human leukocyte antigen (HLA) DQ2/8,
with positive biopsy and serological antibodies upon gluten contained diet. The spectrum of CD may present in
different forms[5]. The classical form may be diagnosed
at any age of life and is often characterized by crypt hyperplasia and villous atrophy along with features of malabsorption. The atypical form is characterized by positive celiac serology, limited abnormalities of the small
intestinal mucosa or no intestinal symptoms, but associated extraintestinal conditions such as osteoporosis,
peripheral neuropathy, anemia and infertility. The latent
form is defined by presence of predisposing gene HLADQ2 and/or HLA-DQ8, normal intestinal mucosa and,
possible positive serology. Extraintestinal features and
biopsies of the small bowel show alterations with gluten
intake (i.e., gluten-sensitive). Rarely, usually after age 50
years[6], some that have initially responded to a glutenfree diet (GFD), develop recurrent symptoms and biopsy
changes despite a GFD. This is the refractory form[7]. If
no response to GFD was initially documented, however,
the use of sprue-like intestinal disease or unclassified
sprue has been used.

time the cultivation of wheat and barley had spread all
over the Old Continent, also reaching Northern Europe
(Ireland, Denmark and the Scandinavian countries).
This expansion in farming was due to the diffusion of
agricultural practices and replacement of local inhabitants by descendants from the Middle-East[10]. Hence, the
European and North-African populations share genetic
background with the peoples of Middle-East origin.
In the last few years a number of studies in different populations have been carried out using molecular
genetics methods to identify genes causing CD. CDpredisposing genetic loci are CELIAC1 on chromosome
6, CELIAC2 on chromosome 5q31-33[11], CELIAC3 on
chromosome 2q33[12], and CELIAC4 on chromosome
19p13.1[13]. PARD3 and MAGI2 tight junction genes
associations have also been reported in Dutch CD or
ulcerative colitis patients, suggesting a common intestinal
defect in these two conditions[14]. Another gene expressed
in major histocompatibility complex (MHC) Ⅰantigen
presenting cell is HLA B8, was found to be associated
with CD in Algeria[15], Iraq[16,17] and Turkey[18]. Moreover,
atypical CD Saharawi patients were found to over-express
the MHC classⅠchain-related gene A (MICA) allele 5.1[15],
which have also been reported in Western countries[19].
Increased prevalence of HLA-A25 in Turkish children
with CD was also reported, suggesting that this genotype
is particularly encountered among this population[18], with
no association described in Western countries.
Useful Background: Genes causing CD CELIAC1 on
chromosome 6 (HLA-DQ2 and HLA-DQ8); CELIAC2
on chromosome 5q31-33[11]; CELIAC3 on chromosome
2q33 (containing T lymphocyte regulatory genes CD28,
CTLA4 and ICOS)[12]; and CELIAC4 (myosin IXB gene,
MYO9XB) on chromosome 19p13.1[13].
HLA genotype contributes to the genetic risk for
CD at 30%-50%[20,21]. Non-HLA genes contribute more
evidence to the CD genetic background than the HLA
genes, but each by itself contributes only a modest to the
disease development. Hence, it is reasonable to assume
that the susceptibility to CD involves with polymorphic
genes that influence the immune response to gluten, as
shown for the HLA-linked genes[22].
Ninety percent of European patients with CD carry the
HLA-DQ2 molecule, encoded either in cis on the HLADQA1*0501-DQB1*0201 haplotype (HLA-DQ2.5cis)
or in trans on the HLA-DQA1*0505 DQB1*0301/
DQA1*0201-DQB1*0202 haplotypes (HLA-DQ2.5trans).
Approximately 5% express HLA-DQ8, encoded by HLADQA1*0301-DQB1*0302. The majority of the remainder
carry the HLA-DQA1*0201-DQB1*0202 haplotype[20].
With genetic testing, DQ2 is almost synonymous with
DQB1*02, a gene with two common alleles designated
DQB1*0201 and DQB1*0202. The DQ2 frequency in
Caucasian in Western Europe populations has been estimated at 20%-30%, and relatively high frequencies also
occur in Northern and Western Africa, the Middle East
and central Asia[23]. Thereafter, the overall frequency of
DQ2 declines from West to East with low frequencies in

PREVALENCE
CD originally thought to almost exclusively affect white
Europeans, is now known to be widely distributed worldwide[8]. Epidemiological studies conducted in areas supposedly free of CD, including Africa, the Middle East,
Asia, and South America, show that the disease was previously underdiagnosed[9]. This provides evidence that
CD is one of the most common genetic diseases, resulting from both environmental (gluten) and genetic (HLA
and non-HLA genes) factors.
The world distribution of CD seems to have followed the mankind wheat consumption and the migratory flows. Man originally fed on meat, fruit and vegetables, with no exposer to gluten-containing cereals. It
was only about 10 000 years ago in a small region called
the “Fertile Crescent” of the Middle-East (including
Anatolia (Southern Turkey), Lebanon, Syria, Palestine
and Iraq) where wild wheat and barley grains successfully cultivated due to favorable environmental conditions. In the Fertile Crescent some tribes changed from
nomadic to stable settlement style of living because land
cultivation permitted food storage, and later migrated
westwards to obtain new lands for cultivation. These
persons spread through the Mediterranean area (Northern Africa, Southern Europe) and Central Europe. The
expansion continued from 9000 to 4000 BC by which
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Table 1 Frequency of human leukocyte antigen-DQ2, encoded by human leukocyte antigen-DQB1*02 and human leukocyte antigen-DQ8, encoded by human leukocyte antigenDQA1*0301-DQB1*0302
< 5%

5%-20%

20%

HLA-DQ2
Albania
Canada BC (Athabaskans)
Cook Islands
Indonesia

Belarus Algeria
Cameroon
Congo
Costa Rica

Algeria
Australia
Belgium
Central African
Republic
Croatia
England
Equatorial Guinea
Bioko Island
Ethiopia
Germany
Greece
Iran
Ireland South
Israel
Italy
Mongolia
New Zealand
Pakistan
Saudi Arabia
Slovenia
Tunesia
United States

Japan
Jordan
Papua New Guinea

China
Cuba
Ecuador Africans

Philippines
Samoa

France
India
Malaysia
Mexico
Poland
Russia
Singapore
South Korea
Spain
Sri Lanka
Sweden
Taiwan, China
Thailand
Turkey
Uganda
Ukraine
Vietnam

HLA-DQ8
Australia
China
Georgia
Greece
North India
Spain
Uganda

Algeria
Belgium
Brazil
Canada BC (Athabaskans)
Croatia
England Caucasoid
France
South India
Israel
Italy
Japan
Russia
South Korea
Tunisia
Turkey
Ukraine
United States
European American

North America
1:100-1:200

Asia
N/A except
India 1:100-1:310

Middle East

South
America
1:67-1:681

Africa 1:87-1:166
1:18-1:355

Australia
1:82-1:251

Figure 1 Prevalence of celiac disease worldwide. N/A: Not available.

terestingly, there is increased prevalence of CD amongst
women compared to men with male:female ratio of
1:2.8[29]. This could be due to the finding that men with
CD were diagnosed at an older age [30]. Indeed, there
have been reported CD cases among immigrant children
native of Eastern Europe, Northern, West and East
Africa, the Middle East and Southern Asia, according to
their acquisition of Western dietary practices (i.e., short
period or lack of breast feeding and early weaning with
a great amount of gluten intake)[31]. This suggests that
many persons may have the genetic predisposition to
CD but the clinical presentation only occurs when there
is sufficient gluten in the diet.

Argentina
Ecuador
Ethiopia
Mexico
Venezuela

Normal at-risk persons
In several parts of the world, the presence of the combination of antibody (serum tissue transglutaminase
and endomysial autoantibodies) positivity and an HLA
haplotype associated with CD is predictive of smallbowel abnormalities indicative of CD. For the majority
of countries, the CD prevalence is unknown. Figure 1
shows a range of estimated normal at-risk CD prevalence in continents and nations around the globe. It
must be noted that some studies report prevalence of
CD based on serology, others on celiac compatible small
bowel biopsies and a few on serology, biopsy and response to gluten challenge.

Estimates are based on studies included in a comprehensive Internet
website[24]. In several countries, the frequency is not known. HLA: Human
leukocyte antigen.

North America
CD prevalence in North American and Europe were
found to be similar in symptomatic patients and not-atrisk subjects. In the United States, CD is believed to affect 0.5%-1.0% of the general population[32]. The study
by Fasano et al[28] on serum antibody and biopsy screening were performed for a total of 13 145 United States
subjects: first-degree (n = 4508) and second-degree
relatives of patients (n = 1275) with biopsy-proven CD,
symptomatic patients (n = 3236) (with either gastrointestinal symptoms or a disorder associated with CD), and
not-at-risk individuals (n = 4126). The overall CD prevalence is 1:133 in the not-at-risk groups, whereas in the at-

populations in South-East Asia and the virtual absence
of DQ2 in Japan (Table 1). DQ8 frequency has a worldwide distribution, whereas DQ2.5, is common in South
and Central America; approximately 90% of Amerindian
populations carry DQ8 and may display the celiac phenotype[24,25]. The frequency of DQ8 population is shown
in Table 1.
In the past, the prevalence of CD had been underestimated, but it is now regarded one of the most common
genetic disorders in the West with 1% prevalence[26-28]. In-
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general population[43-46]. The prevalence of CD in asymptomatic Tunisian school children was estimated to be
about 1:157, which is close to the European prevalence.
In this respect, the highest world frequency of 16.4% is
reported in the CD associated with Insulin Dependent
Diabetes Mellitus[47], in Oran (Algeria). A recent serological screening in 2500 Tunisian healthy blood donors[45],
showed similar that the prevalence of anti-endomysium
antibodies in the general population of 1:355, to that
of Europeans. Due to high wheat and barley consumption in the North American countries[45], as well as high
frequency of CD predisposing DR3-DQ2 haplotypes
in these populations[48-50], these high CD frequencies are
not surprising.
Saharawi population in North Africa, who are of
Arabian and Berberian origin, having a high degree of
cognation and live as refugees in the Sahara desert (Algeria), has the highest prevalence of CD (5.6%) known
in the world today[43,49]. This elevated prevalence in this
population may be explained both by genetic factors:
very high frequency of the DR3-DQ2 haplotype, and
by environmental factors: changed of dietary habits in
the last few decades. The reduced rates and duration of
breast-feeding and increased consumption of gluten in
early life as part of the staple diet, supplied by Western
countries as humanitarian aids[51], may have played a role
in this elevated CD prevalence. However, there are other
unknown genetic and environmental factors that explain
such a high frequency of CD in the Saharawi people,
because there is a much lower prevalence of CD in Sardinia population with similar staple diet consumption
and frequencies of DR3-DQ2[52].

Table 2 Prevalence of celiac disease in Europeans based on
[36-38]
unselected population serological screenings
(adapted)
Countries

Prevalence

Czechoslovakia
Estonia
Finland
Hungary
Ireland
Italy
Norway
Portugal
Spain
Sweden
Switzerland
Netherlands
United Kingdom

0.193
0.103
0.110
0.101
0.126
0.115
0.224
0.135
0.124
0.174
0.133
0.179
0.111

risk group, the prevalence is 1:22 in first-degree relatives,
1:39 in second-degree relatives, and 1:56 in symptomatic
patients[28].
South America
In South America, CD had been historically considered
a rare disorder and the prevalence investigations have
not been extensively studied. However, during the last
few years studies in Brazil disclosed a prevalence of 1:681
in healthy blood donors[33] and 1:473 among adult outpatients attending a clinical laboratory for routine blood
testing[34]. In an urban area of Argentina, the overall
prevalence of CD, among 2000 adults from the general
population (996 women; median age 29 year, range 16-79
year) was 1:167, with prevalence in women double that
for men[35]. The high CD prevalence in Argentina could
be correlated with HLA DQ8 (> 20%) in the Argentina
population.

Australia and New Zealand
Australia and New Zealand are the two countries having
the highest proportion of individuals from Caucasian
background, with high prevalence of HLA DQ2 and
per capita wheat consumption of > 150 and 75-150 kg
per person per year, respectively[23]. Only two prevalence
studies have been carried out in these two countries.
From a random population of 1064 adults in Christchurch, New Zealand (96% Caucasian), CD was confirmed histologically in all patients with positive serology
giving an overall prevalence of 1:82 (1.2%)[53]. A larger
study in 3011 adults from a large Caucasian community
in Western Australia, revealed an overall prevalence of
CD of 1:251 (0.4%) of the population[54].

Europe
The overall prevalence of CD in Western populations
is close to 1% (1:100) and may be higher in Northern
European countries (Table 2) [36-38]. The Scandinavian
countries, Ireland, and the United Kingdom population
tended to show a higher prevalence of CD of approximately 1.0%-1.5%, although there also were studies that
showed a lower prevalence in these countries. A study
of small-intestinal biopsy obtained from healthy Dutch
blood donors at Arnhem and Nijmegen Blood Donation
Centers shows that the prevalence of CD-compatible
biopsies of 1:330[39]. The prevalence of CD among 3654
children (age range, 7-16 years) in Finland was at least
1:99 based on serum autoantibodies and small-bowel abnormalities[40]. The prevalence of CD in Northern Spain
in the general population was 1:389[41], 1:132 (0.75%) in
Eastern Switzerland adolescents[42].

Asia
CD is likely to be rare in Indonesia, South Korea, Philippines and many smaller Pacific islands because of their
low wheat consumption and a low frequency of HLADQB1*02. In South-East Asia, HLA-DQB1*02 is often
present in more than 5% of the population but CD is
predicted to be rare, as staple diets are based on rice.
In contrast, prevalence rates that are similar to those in
Europe are likely to apply from Pakistan in the South to
Kazakhstan in the North. Ancient migration patterns

Africa
In Northern African populations (including Morocco,
Algeria, Tunisia, Libya and Egypt) higher incidences of
0.28%-5.6% of CD have recently been reported in the
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Table 3 High risk populations for celiac disease

[73]

of these countries have a per capita wheat consumption
that ranks among the highest in the world (> 150 kg per
person per year)[23]. Although only a limited number of
genetic studies have been carried out, the population of
countries such as Iran, Israel, Saudi Arabia and Turkey
have a high frequency of HLA-DQB1*02. The prevalence of CD in adult blood donors in Iran, Israel, Syria,
Turkey and Anatolia are 1:166[66], 1:157[67], 1:62[68], 1:87[69],
1:100[70], respectively. Similar prevalence rates were determined in surveys of Iranian children (1:165, 0.6%)[71],
and Turkish children (1:115, 0.9%)[72].
The prevalence of CD is approximately 0.5%-1% in
all parts of the world, except for populations with very
low and very high intake of gluten in their diet.

(adapted)

Relatives, especially first-degree
Anemia, especially iron deficiency
Osteopenic bone disease
Insulin-dependent diabetes (type 1), especially children
Liver disorders, especially Autoimmune hepatitis and primary biliary
cirrhosis
Genetic disorders, including down and Turner’s syndrome
Autoimmune endocrinopathy, especially thyroid disease
Skin disorders, particularly dermatitis herpetiformis
Neurological disorders, including ataxia, seizures, myasthenia gravis
Others, including immunoglobulin A nephropathy

that determine the frequency of DQB1*02 would also
predict more patients with CD in Western China than
in Eastern China[23]. Interestingly, there is one report of
CD in three adult descendants of Chinese and Japanese
families who migrated to Canada[55].
In genetic studies of CD in India, the appearance of
HLA associations is similar to those in Western countries
with a frequency of HLA-DQB1*02 of close to 100%[56].
This association is more frequent in the population of
Northern and North-Eastern India (16%-27%)[57], than
in groups of adults in the Southern state of Tamil Nadu
(9%-14%)[58]. The prevalence of CD in India is nearly
the same as that in Western Caucasian populations[59].
In Punjab (North-west India) school children, CD frequency was estimated to be 0.3%[60]. This prevalence is
probably an underestimation. A retrospective analysis of
confirmed cases of CD between 1995 and 2000 in Dayanand Medical College and Hospital (Ludhiana, Punjab)
from a total of 202 cases showed an initial of 10 positive
cases with a significant growth rate of 79.43% annually
with a trend equation increase of 15.49 cases/year[61].
These studies showed that CD is relatively common in
Northern India where there has been a history of wheat
cultivation from before 1000 BC[62]. Hence, the relative
rarity of CD in Southern India reflects the effect of both
genetic and environmental factors.
The prevalence in first-degree relatives of North Indian children with CD diagnosed as per the European
Society for Pediatric Gastroenterology and Nutrition
criteria is 4.4% of the first-degree relatives (85% positive
for HLA DQ2/DQ8), which is 14 times higher than that
of the general population[63]. There have been reports on
clinical experience of biopsy-defined CD in 10 North Indian Immigrants or descendants born in Canada out of 14
Asians diagnosed since 1988 in a single Canadian teaching
hospital[55]. Several studies, particularly from Northern and
North-West India, have also documented the presence of
CD in children presenting with chronic diarrhea[64].

High at-risk persons
In the general celiac population (without classical CD
symptoms, e.g., diarrhea or weight loss), there are high
risk groups that may have higher CD prevalence rates
(Table 3). Among factors that denote a higher risk for
CD, the most important factor is familial history of biopsy proven CD with an estimate of 20% or more of
first-degree relatives having CD[73]. Some authors observed a higher prevalence in CD siblings as compared
to parents[74-76]. A study in Swedish youth (< 20 years
old) diagnosed with type 1 diabetes (T1D) confirmed the
low prevalence (0.7%) of diagnosed symptomatic CD
at initial onset of clinical diagnosis, but document by
screening an increasing prevalence of silent CD during
a 5-year follow-up to reached an overall prevalence of
10%[77]. Thus, the prevalence of an association with CD
in high risk groups may increase over time.
The overall prevalence of CD is highly dependent on
the HLA DQ2/DQ8 typing and gluten consumption.
The population with positive HLA typing for celiac have
high chances of developing celiac symptoms when on
high gluten consumption. However, the population with
diabetes, autoimmune disorder or relatives of CD individuals) have even higher risk for the development of
CD, since they share the same HLA typing.

PATHOGENESIS
CD is an intestinal enteropathy triggered by the ingestion
of gliadin and of other related prolamins in genetically
predisposed individuals[22,78]. Wheat and related species
such as barley and rye also induce CD[79]. A small minority of CD patients also react to oat[80]. Gliadin peptides
exert damaging effects since they are resistant to gastrointestinal enzymes[81], they have amino acid sequences that
are specific for HLA-DQ2, which is a class Ⅱ major histocompatibility complex, they also have preferred glutamine residues for tissue transglutaminase (tTG)-mediated
deamidation[82], and lastly, they affect intestinal permeability[83]. Hence the pathogenesis of CD is dependent on
genetic and environmental factors. The environmental
factor is mainly ingestion of gluten, while several genes
contribute to the genetic predisposition[13]. CD commonly

Middle East
It seems likely that the prevalence of CD in the Middle
East is similar to that of Europe[65]. CD is a relatively
common cause of chronic diarrhea in Iran, Iraq and Kuwait and has been diagnosed in 2%-8% of patients with
type 1 diabetes in Iran, Israel and Saudi Arabia[39]. Many
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Table 4 Possible clinical manifestations of celiac disease
(printed with permission)
Typical symptoms

Atypical symptoms

Chronic diarrhea

Secondary to
malabsorption
Failure to thrive
Sideropenic anemia
Abdominal distention Short stature
Osteopenia
Recurrent abortions
Hepatic steatosis
Recurrent abdominal
pain
Gaseousness
Independent of
malabsorption
Dermatitis herpetiformis
Dental enamel
hypoplasia
Ataxia
Alopecia
Primary biliary cirrhosis
Isolated
hypertransaminasemia
Recurrent aphthous
stomatitis
Myasthenia gravis
Recurrent pericarditis
Psoriasis
Polyneuropathy
Epilepsy
Vasculitis
Dilatative
cardiomyopathy
Hypo/hyperthyroidism

[8]

Table 5 The most important factors contributing to the de[86]
velopment of celiac disease
(printed with permission)

Associated conditions

Factors contributing to
the onset of celiac disease

Possible gluten
dependent
IDDM
Autoimmue
thyroiditis
Autoimmune
hepatitis
Sjogren syndrome
Addison disease
Autoimmune
atrophic gastritis
Autoimmune
emocytopenic diseases
Gluten independent

Gluten

Elicit T cell responses
Induces cytokine production and
intestinal lesion
Age of introduction of gluten Weak gut immune during early childhood
HLA-DQ2 or HLA-DQ8
Gluten presentation
MYO9Bo
Increased permeability of the intestine
Pro-autoimmune genetic
Shift in Th1/Th2 balance towards Th1
background
Viral infections
Defect in generation of active tolerance
(e.g., regulatory T cells)
IFN production
Tissue damage
Tissue damage
Increased level of tTG
Danger signals
Early termination of
Decreased protection against infections
breastfeeding
Gender
Hormone-related pro-autoimmune status

Down syndrome
Turner syndrome
Williams syndrome
Congenital heart
defects
IgA deficiency

Th1: T helper 1; Th2: T helper 2; tTG: Tissue transglutaminase; HLA: Human leukocyte antigen; IFN: Interferon.

CD may be triggered due shared viral sequence of 8 to
12 amino acids with the toxic gliadin fraction[89]. Other
factors such as timing of gluten ingestion and breast feeding cessation may involve in the pathogenesis and disease
development of CD[96]. Some initiating factors, such as
gluten overload, gastric surgery “unmasking”, giving up
smoking, and infections can also trigger the disease, which
can become apparent in an abrupt manner[97,98].
Prolamin trigger
Gluten is a protein that appears in wheat, barley, rye and
oat, compositing of prolamin and glutelin. The majority of the proteins in food responsible for the immune
reaction in CD are the prolamins. Prolamins is found in
several grains, such as wheat (gliadin), barley (hordein)
and rye (secalin), corn (zein) and as a minor protein,
avenin in oats. Because of their high glutamine content
and specific sequence patterns, prolamins are resistant
to gastrointestinal proteolytic enzymes and are excellent
substrates for deamidation by tissue transglutaminase.
The incomplete gastrointestinal digestion of gluten
leads to the appearance of gluten-derived gliadin peptides
such as 33mer (LQLQPFPQPQLPYPQPLPYPQPQL
PYPQPQPF) with a variety of characteristics[81]. It contains overlapping T-cell epitopes, and its deamidated form
is a potent T-cell stimulator, generating the glutamic acid
residues essential for binding to HLA-DQ2 in celiac patients[99]. The ingestion of prolamins from wheat, barley,
rye and possibly oats causes histological changes in the
small intestine mucosa of celiac patients, leading to a
malabsorption syndrome[100]. Clinical symptoms of an autoimmune attack after ingestion of the gluten containing
food include digestive symptoms and skin reactions.
Gliadin peptides cause stimulation of the innate and
adaptive immune system[83,101,102]. The prototype of pep-

IgA: Immunoglobulin A; IDDM: Insulin dependent diabetes mellitus.

appears in early childhood, with severe symptoms including chronic diarrhea, abdominal distension, and failure to
thrive. In many patients, symptoms may not develop until
later in life, when the disease symptoms include fatigue,
diarrhea, and weight loss due to malabsorption, anemia,
and neurological symptoms (Table 4). Celiac disease is a
life-long disorder, and if untreated, it is associated with
increased morbidity and mortality[84, 85].
Possible triggers
Genetic predisposition association (HLA, MYO9B), exogenous trigger (gluten), pro-autoimmune genetic background, viral infections, tissue damage, early termination
of breastfeeding and gender contribute to the development of CD (Table 5)[86].
Apart from introduction of gluten during the first year
of life, infectious agents may play a role in development
of CD. Several studies have implicated infections with Adenovirus type 12[87-89], hepatitis C virus[90,91], Campylobacter
jejuni[92], Giardia lamblia[93], Rotavirus[94] and Enterovirus
infection[95] as triggers for the development of CD. The
immunologic response in persons genetically susceptible
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tides effective on innate response is peptide 31-43/49,
which has been proved both in vitro and in vivo to be
toxic for CD patients [103,104]. Peptide 31-43 (p31-43)
stimulates the synthesis and release of interleukin (IL)-15,
a proinflammatory cytokine, that promotes the adaptive immune response[101], involving CD4+ T cells that
recognize several deamidated gliadin peptides[82]. Unlike
p31-43 which is not immunogenic for T cells, peptide
57-68 (p57-68), which binds to HLA-DQ2/8 molecules,
is one of the dominant epitopes recognized by T cells
isolated from the intestine of CD patients[82]. The socalled toxic peptides, of which p31-43 is probably the
most fully studied, modulate the small-intestinal mucosal
biology via an innate immune mechanism.

Gluten ingestion
HLA-DQ2/DQ8
Other
environment
Genetic, immune
factors
and environment

Celiac disease

Figure 2 Factors necessary for celiac disease development[96] (adapted).
HLA: Human leukocyte antigen.

mer. Homozygous individuals who carry DQB1*02 and
DQA1*05 in cis on both chromosomes have a great risk
developing complicated forms of CD[115]. A significant
higher risk for CD of 1:7 for DQ2 and DQ8 individuals
and 1:2518 for subjects lacking all predisposing factors
have been determined[21].
It is found that 30% of the Caucasian populations
carry HLA-DQ2 and most will eat wheat, while only 1 in
100 will develop disease[116]. The remaining susceptibility is thought to be due to a combination of genetic and
environmental factors (Figure 2).
HLA-DQ2.5 carriage is necessary for disease development, but it is not sufficient by itself. A combination
of other genetic factors influencing the mucosal barrier,
the adaptive and the innate immune system also impact
the likelihood of disease development. Wheat ingestion
is a known environment factor that is necessary for disease development but on top of this, a number of factors such as timing of gluten ingestion and breast feeding cessation may influence disease development[96].
Studies using twins, which are assumed to share environmental factors, have estimated the percentage of nonHLA genetic variants which predispose to disease as approximately 60%[117]. To date a large list of variants have
been suggested to predispose to CD through a combination of linkage and association studies, a large number
of variants, however, do not stand up to further scrutiny.
Only those that have been validated with convincing evidence in multiple populations are mentioned here.
In CD, like many common diseases, this genome
wide linkage approach has been fairly unsuccessful at
locating variants. Linkage was found to various regions
including 5q and 19p, however, the only genomic region
that was replicated with some reliability in other populations was 2q33, a region that contains the CTLA4[118],
ICOS and CD28 genes[117]. CTLA4 is an excellent candidate gene for involvement in CD not only due to its
integral involvement in the suppression of immune
responses but also because it has been implicated as a
genetic variant that increases susceptibility to T1D.
The prevalence of CD in patients diagnosed with
T1D has been estimated at up to 15% in children and
6% in adults[119]. The reason for this association has never been fully elucidated, but common mechanisms within the pathogenesis and genetics of the two conditions
may provide some insights. IL-21 region displays CD
associations to T1D[120], rheumatoid arthritis[121], Grave’s

Time of trigger
Several studies related the rise in childhood CD to infant
feeding practices[96,105]. Consumption of wheat, barley, and
rye in the first 3 mo children have significantly increased
the risk of developing CD-associated autoantibodies, as
compared with exposure during first 4 to 6 mo[105,106].
Although CD can be diagnosed at any time of
life, it is present mostly in either early childhood (between 9 and 24 mo) or in the third or fourth decade of
life[8,85,107,108]. In contrast to the 1/1 sex ratio in children,
in adulthood it is diagnosed twice in females. Interestingly, celiac disease is also becoming more frequently
recognized in the elderly, and in this population, a 1/1
sex ratio has also been noted[109]. Although the “classical” gastrointestinal malabsorption syndrome characterized by diarrhea, steatorrhoea, weight loss, fatigue, and
anemia may occur in severe cases, most patients have a
milder symptoms such as abdominal discomfort, bloating, indigestion, or non-gastrointestinal symptoms (or no
symptoms at all)[8,85,107,108]. Mäki et al[2] reported a shift of
5-6 years of age at diagnosis in Finland, with less than
50% of new cases presenting typical gastrointestinal
symptoms. In England[110], Scotland[111], Canada[112], and
the United States[28], reports have also shown that almost
50% of newly diagnosed CD patients do not present
with gastrointestinal symptoms.

GENETICS
Genetics play a strong role in CD, indicated by the high
disease concordance in monozygotic twin[113]. The CD
prevalence rose to 17.6% in sisters, 10.8% in brothers,
and 3.4% in parents[21]. CD is associated with HLA alleles as well as more than 250 other MHC and non-MHC
genes. The main genetic factor is the given HLA-DQ
genes, i.e., the genes encoding DQ2 or DQ8 in the HLA
complex on 6p21. Approximately 95% of celiac have a
DQ2 comprised of DQB1*302 and DQA1*03. A small
number of individuals lacking either of those heterodimers have DQB1*02 and DQA1*05 alone[20,114]. Gene
dosage also affect CD susceptibility; individuals with the
heterodimer comprised of DQB1*02 and DQA1*05
and most of the remaining 5% have a DQ8 heterodi-

WJG|www.wjgnet.com

Innate immune system
Mucosal barrier genetics
Adaptive immune system

6042

November 14, 2012|Volume 18|Issue 42|

Gujral N et al . Celiac disease: Demography, diagnosis, pathogenesis and treatment

disease[122] and psoriatic arthritis[123]; but genetic involvement in all these conditions is not currently understood.
There is possibility of shared genetic susceptibility to
autoimmunity through IL-2, IL-21 locus, both inside
and outside of the HLA region, with almost no function
identified thus far[116]. Like the studies associated with the
HLA-DQ2.5 variant, further identification of the causal
variant and its function will provide a unique insight into
CD and other autoimmune disease biology.

pathogenesis. It modulates the intestinal immune system that is acutely altered by gliadin. This indicates that
gliadin can gain access to the basal surface of the epithelium, and therefore interact directly with the immune
system, via both trans- and paracellular routes of absorption (Figure 3).
Retrotranscytosis
The protected retrotransport of secretory IgA into the
intestinal lumen via the transferrin receptor CD71, allows the entry of intact and thus harmful gliadin peptides into the intestinal mucosa by a transcellular route.
The overexpression of the transferring receptor CD71
in patients with active CD by transportation of gliadin
across the intestinal mucosa through retrotranscytosis of
secretory immunoglobulin-gliadin complexes is shown in
Figure 4[135,136].
Transcytosis of α2-gliadin-33mer (an important trigger of CD) by apical-to-basal is stimulated by IFN-γ,
which is a key cytokine involved in CD immunopathogenesis[137].

Immune function
CD is an autoimmune disease associated with the genetic predisposition HLA and tTG autoantigen. tTG is
a calcium dependent enzyme that plays a crucial role in
CD pathogenesis[124]. tTG mediates ordered and specific
deamidation of gliadins, creating an epitope that binds
efficiently to DQ2 and is recognized by gut-derived T
cells[125]. During gluten consumption, these tTG autoantibodies are produced by the mucosa of the small intestine, and detected in patients’ serum but disappear slowly
from the patient’s circulation on a GFD[126]. Extraintestinal CD symptoms may be associated with immunoglobulin A (IgA) deposits on extracellular tTG in the liver,
kidney, lymph nodes and muscles of CD patients[126].
The toxic peptides, such as the 19-mer, trigger an innate immune response[101], characterized by the production of IL-15 by epithelial cells and lamina propria dendritic cells[127]. There is some evidence that this response
is a generalized response in all individuals, but is amplified in CD patients (possibly due to a lower threshold to
IL-15) who only get disease as a result of adaptive immune system involvement[128]. IL-15 affects the epithelial
barrier, both by increasing the permeability through
disruption of the tight junctions[129,130] and acting on intraepithelial lymphocytes (IELs) promoting interferon γ
(IFN-γ) production as well as a potent cytotoxic activity
particularly by NKG2D+ cells[131,132]. Therefore, immunoadaptive peptides, like the 33-mer, can now reach the
lamina propria, where they are presented by dendritic
cells to gluten-specific T cells[133,134].
Other autoantigens that are normally “cryptic” can
be unmasked and cause a self-aggressive immunologic
response following the gliadin-initiated inflammatory
process[8]. In fact, persistent stimulation by some proinflammatory cytokines (IFN-γ and tumor necrosis factor
α) can cause further processing of autoantigens and their
presentation to T lymphocytes by antigen-presenting
cells. The mucosa is expanded by increased numbers of
lymphoid cells both in the intraepithelial compartment, in
which there is an increase in γδ T cells, and in the lamina
propria, which is expanded by lymphocytes and plasma
cells. The intestinal crypts are elongated because of an increase in dividing epithelial cells, and villi are shortened or
even completely absent because of rapid loss of mature
epithelial cells from the villus tip.

Paracellular route
There have been recent hypothesis associated with nondigested gliadin absorption in the intestinal lumen during
the early event in CD pathogenesis by stimulation of the
innate and adaptive immune system[83,101,102]. Zonulins
provide information on the regulation of intercellular
tight junctions (TJs) and increased intestinal permeability[138-142]. It is released by the enterocyte upon apical exposure to α-gliadin digests[129,143]. Lammers et al[143] have
identified that MyD88 induces release of zonulin upon
gliadin binding to CXCR3 on enterocytes, as a result
inducing greater epithelial permeability and subsequent
paracellular gliadin passage to the gut mucosa.
After binding to its surface receptor, gluten is internalized[144] and subsequently triggers a series of intracellular events including phospholipase C and Protein
kinase Ca activation and actin polymerization, which
lead to the opening of TJs[139,145] through Zot/Zonulin
receptor (Figure 5).
Other pathways
There are several pathways including cellular signals
that may be involved in the mucosal damage in CD. Deamidation of gluten peptides by tissue tTG reinforces
presentation of gluten peptides by HLA-DQ2 or HLADQ8 molecules of plasmacytoid dendritic cells (pDCs)
to T cells, which activate gluten-reactive Th1 cells and
produce high levels of proinflammatory cytokines. IL-21
is overproduced in the mucosa of CD patients, where it
helps sustain T-bet expression and IFN-γ production[146].
Th1 cytokines promote increased cytotoxicity of IELs
and natural killer (NK) T cells which cause apoptotic
death of enterocytes by the Fas/Fas ligand system, or
IL-15-induced perforin/granzyme and NKG2D-MICA
signaling pathways. IFN-α released by activated pDCs
perpetuates the inflammatory reaction by inducing Th1

Intestinal epithelium function
Intestinal epithelium plays a central role in CD disease
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(1) Gliadin absorption (receptor mediated and through loosen TJ)

33 mer gliadin

19 mer gliadin
IgA
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CXCR3

MICA/NKG2D
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IL-15
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Enterocyte
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membrane

Loosen TJ

Crosslink

(2) tTG modifies
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Figure 3 Mechanisms of mucosal damage in celiac disease[80] (adapted). Gliadin peptides crosses the enterocyte by paracellular tight junctions (TJ) as a consequence of increased release of zonulin leading to impaired mucosal integrity upon 19 mer gliadin binding to chemokine (C-X-C motif) receptor 3 (CXCR3) receptor, or
via transcytosis, or retrotranscytosis of secretory immunoglobulin A (IgA) through transferrin receptor CD71. Tissue transglutaminase (tTG) deamidates or crosslinks
33 mer gliadin which is then recognized by human leukocyte antigen (HLA)-DQ2 or -DQ8 molecules of antigen presenting cell (APC). APC presents the toxic peptide
to CD4+ T cells. Activated gluten-reactive CD4+ T-cells produce high levels of pro-inflammatory cytokines. T helper 1 (Th1) cytokines promote increased cytotoxicity of
intraepithelial lymphocytes (IELs) and natural killer (NK) T cells which cause apoptotic death of enterocytes by the Fas/Fas ligand (FasL) system, or interleukin 15 (IL15)-induced perforin/granzyme and homodimeric natural killer-activating receptor-major histocompatibility-classⅠchain-related gene A comple (NKG2D–MICA) signaling pathways. The production of T-helper2 (Th2) cytokines activate and induce clonal expansion of B cells, which differentiate into (antigliadin and anti-tTG) antibody
secreting plasma cells. Interaction between with the extracellular tTG and anti-tTG-autoantibody may induce epithelial damage. TCR: T cell receptor.

cells to produce IFN-γ. IL-21 and IL-15 produced by
DCs and intraepithelial cells also inhibit transforming
growth factor beta signaling and regulatory T cells (Tregs)
function. Additionally, the production of Th2 cytokines,
Th2 cells drives the activation and clonal expansion and
differentiate of B cells into plasma cells secreting antigliadin and anti-tissue transglutaminase antibodies[147],
which interact with extracellular tTG, and may induce
epithelial damage.
Hence in CD, there is impaired suppressor activity of
Tregs. This defect in Tregs function could play a role in
the pathogenesis of CD and in CD autoimmunity[148].

normal on a GFD, and a deterioration of the mucosa after gluten challenge[149]. Given the current availability of
serological tests being highly sensitive and specific, the
European Society of Paediatric Gastroenterology, Hepatology, and Nutrition has proposed a revised CD diagnostic protocol[150]. Based on this protocol, if the symptoms (either “classical” or “atypical”) and serological
tests are suggestive of CD, small bowel biopsy followed
by a favourable clinical and serological response to the
GFD is now considered sufficient to definitely confirm
the diagnosis. In asymptomatic patients improvement in
mucosal appearance may be required to confirm the diagnosis, but in majority symptomatic patients, continual
abnormality of mucosa at the second biopsy is more
likely to indicate slow /partial mucosal recovery[151]. This
may also reflect that the site of re-biopsy (proximal small
intestine) is often the last site to improve.
The current approach to evaluating CD has been
modified by the advent of highly sensitive and specific
serological tests. An algorithm for diagnosing CD is

DIAGNOSIS
Approach to initial CD diagnosis
In 1970, the European Society of Paediatric Gastroenterology laid down criteria for the diagnosis of CD in
children, entailing three biopsies of an initial flat mucosa
in the upper small intestine, restoration of the mucosa to

WJG|www.wjgnet.com

6044

November 14, 2012|Volume 18|Issue 42|

Gujral N et al . Celiac disease: Demography, diagnosis, pathogenesis and treatment
Healthy individuals
Gliadin peptides
Intestinal
lumen

opment of malignancies. These patients’ CD symptoms
do not revert on GFD. The first evaluation step of a
potential RCD case is to confirm correct initial diagnosis
of CD[7]. Sometimes neglected in this determination is
the documentation of an initial and convincing response
to a GFD, i.e., demonstration that the disease was truly
a “gluten-sensitive” small bowel disorder. Otherwise, it
may be difficult to ascertain if CD was initially present.
More precise terms in this clinical setting include “spruelike intestinal disease” or “unclassified sprue”.
Some patients with developed RCD are likely to
have negative TGA and EMA[6,159], demonstrating that
negative CD specific serology does not exclude the diagnosis of CD. A family history of CD in first-degree
relatives (especially siblings) further supports the diagnosis of CD in patients, having 14% positive tTG test
and 10% positive EMA with an estimated prevalence of
11% where 54% had “silent” disease, most with severe
intestinal villous atrophy[76]. The diagnosis of CD by
histological findings or clinical improvement after GFD
without confirmation with other diagnostic criteria may
not be entirely reliable because CD is just one of many
causes of villous atrophy. Clinical response to GFD or
exacerbation after gluten re-introduction have low sensitivity of 59% and specificity of 92% for CD[160], which
account to a positive likelihood ratio of 7.37 (means
that individuals with positive histology upon gluten reintroduction are 7.37 times more likely to have CD than
those with negative histology upon gluten re-introduction) and a negative likelihood ratio of 0.44 (means that
individuals with positive histology upon gluten re-introduction are 0.44 times less likely to lack CD than those
with negative histology upon gluten re-introduction).
Thus, a critical review of prior tests and villous histology
is crucial to determine the accuracy of a prior diagnosis
of CD. Ideally, documented normalization of biopsies
after a GFD and then demonstration of recurrent symptoms with histological relapse best defines refractory CD
(RCD). Obviously, this is not always possible.
RCD is believed to affect approximately 5% of patients with CD. It is subdivided into types Ⅰ and Ⅱ, with
normal and aberrant (expressing cytoplasmic) CD3, but
lacking surface expression of the T-cell markers CD3,
CD4, CD8[161], and the T-cell receptor, intraepithelial T
lymphocytes in the small intestinal mucosa, respectively[162]. Enteropathy-associated T-cell lymphoma (EATL)
occurs in more than half of patients with RCD Ⅱ
within 4-6 years after RCD Ⅱ diagnosis, and is the main
cause of death in this group of patients[76,163]. RCD type
1 only rarely evolves into EATL. Recent data indicate a
relative risk for patients with (untreated) CD to develop
EATL[164,165].

Active celiac disease
Apical expression of CD71
+ anti-gliadin SIgA

CD71

Lamina
propria

Degradation
Protected transport

Figure 4 CD71 receptor-mediated transport of immunoglobulin A-gliadin
complexes in celiac disease[136] (adapted). Gliadin bound to apically expressed CD71 receptor in active celiac disease individual allows protected
transport of gliadin into the lamina propria. SIgA: Secretory immunoglobulin A.

given in Figure 6. Assays for IgA anti-tissue transglutaminase (TGA) and IgA anti-endomysial (EMA) have
both the highest specificities and sensitivities, and are
therefore regarded as being superior serological screening tools for diagnosis of CD[152].
Initial CD evaluation is based on a combination of
positive CD-specific serological tests, histological findings in the intestinal biopsy, CD-predisposing gene encoding HLA DQ2 or DQ8, family and medical history
of CD, and clinical or histological response to GFD[26,80].
However, CD diagnosis can be challenging in some nonresponsive patients to GFD[7]. Practically all patients with
CD carry HLA-DQ2 or HLA-DQ8. Thus the absence
of these gene pairs reflects a very high negative predictive value for CD and should prompt consideration
of other causes of small bowel-related symptoms and
pathological changes[153,154]. Positive TGA or EMA at initial diagnosis of CD or at any time in the clinical course
of the disease helps to confirm the diagnosis of CD because of their excellent specificities of over 99% when
small bowel villous atrophy is present on biopsy[155].
However, false positive serological assays may also
occur[156], in liver disease and small-bowel inflammation[157], so documentation of gluten sensitivity is important. A combination of biopsy and serological antibody
can also be used to support diagnosis to reduce false
positive results. A validated subjective Celiac Dietary Adherence Test, a patient-completed tool, can also be used
in conjunction with biological markers to assess dietary
adherence and disease activity in individuals with CD[158].
Diagnosis of refractory CD
The influence of noncompliance to a GFD and the
substantial number of patients being undiagnosed are
of greatest concern, as these factors could possibly contribute to the refractory form of CD and to the devel-

WJG|www.wjgnet.com

DIAGNOSTIC TESTS
Serological tests
HLA typing: The contribution of HLA type to the
genetic risk for CD has been variously estimated at
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Figure 5 Proposed Zot intracellular signal mediated opening of intestinal tight
junctions[146] (printed with permission).
1: Zot interacts with a specific Zot/Zonulin
intestinal surface receptor; 2: Leading to
protein internalization; 3: Activation of phospholipase C; 4: Hydrolyzes phosphatidyl
inositol to release inositol 1,4,5-tris phosphate (PPI-3) and diacylglycerol (DAG),
either via DAG or (4a) through the release
of intracellular Ca 2+ via PPI-3; 5: Protein
kinase C alpha (PKCa) is then activated;
6: Membrane-associated, activated PKCa
catalyzes the phosphorylation of target
protein(s); 7: With subsequent polymerization of soluble G-actin in F-actin; 8: This
polymerization causes the rearrangement
of the tight junctions (TJ) filaments and
displacement of proteins [including zonula
occludens-1 (ZO-1)]. As a result, intestinal
TJ becomes loosened. IP3: Inositol trisphosphate.
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Figure 6 Celiac disease diagnostic testing algorithm (adapted from Mayo Medical Laboratories, Mayo Foundation for
Medical Education and Research). IgA:
Immunoglobulin A; IgG: Immunoglobulin G;
tTG: Tissue transglutaminase; EMA: Endomysial; HLA: Human leukocyte antigen; CD:
Celiac disease.

Serum IgA
Positive

Negative

tTG, EMA, deamidated
gliadin IgA

tTG, EMA, deamidated
gliadin IgG

All Negative
HLA DQ2 or DQ8
Negative
Not CD

HLA DQ2 or DQ8

Proceed to biopsy

Positive
Possible CD

All Negative

Any result positive

Negative

Positive

HLA DQ2 or DQ8

CD

Negative
Not CD

Positive
Possible CD

Negative
Not CD

Positive
Possible CD

Follow up for future development of CD

30%-50% [20,21]. Many of the polymorphic genes are
involved in susceptibility to CD encode products that
influence the immune response upon gluten ingestion,
as shown for the HLA-linked genes[22]. Although NonHLA genes contribute more than HLA genes to the
genetic background of CD, each of them adds only a
minor contribution to the disease development.
There is strong association between CD and the
presence of HLA DQA1*0501-DQB1*02 (DQ2) and
DQA1*0301-DQB1 [0302 (DQ8) haplotypes. Approximately 90% to 95% of patients with CD carry DQ2 and
those patients that are negative for HLA-DQ2 are usually
positive for HLA-DQ8[166,167], indicating a strong genetic
risk for the disease[100]. Several studies also have confirmed
that the absence of HLA-DQ2, HLA-DQ8, or both vir-
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tually excludes the diagnosis of CD[168-170]. However, the
modest sensitivity (HLA-DQ2, 70%-99.8%; HLA-DQ8,
1.6%-38%) and specificity (HLA-DQ2, 69%-77%; HLADQ8, 77%-85%) of the test means that a positive result is
not sufficient to diagnose the disease[having a low positive
predictive values (HLA-DQ2, 6.3-18; HLA-DQ8, 0.28-8.1)
and likelihood ratios (HLA-DQ2, 2.25-4.33; HLA-DQ8,
0.07-2.53)] [171]. Even the presence of HLA-DQ2 or
HLADQ8 in patients with positive serologic test results
is strongly suggestive but not pathognomonic for CD.
Antibody screening to identify participants with preclinical CD may be reduced by preselecting HLA risk group
from the large populations with long-term follow-up for
CD[172]. Hence HLA-DQ genotyping could be included
in the algorithm of selecting large populations prospec-
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Table 6 Operating characteristics of serological markers to detect the celiac disease in adults
Serological tests

Sensitivity

Specificity

95% CI (%)

95% CI (%)

Positive

Negative

Positive

57-78
55-100
86-100
77-100
98-100

71-87
71-100
98-100
91-100
98-100

0.2-0.9
0.3-1.0
0.98-1.0
> 0.9
> 0.9

0.4-0.9
0.7-1.0
0.8-0.95
> 0.95
> 0.95

1.96-6
1.89-∞
43-∞
8.55-∞
49-∞

IgG AGA
IgA AGA
IgA EMA
IgA TGA
IgA TGA and EMA

Predictive value

[178]

(adapted)

Likelihood ratio
Negative
0.25-0.61
0-0.63
0-0.14
0-0.25
0-0.02

IgG: Immunoglobulin G; IgA: Immunoglobulin A; AGA: Anti-gliadin antibodies; EMA: Endomysial; TGA: Transglutaminase.

tively screened for CD.

Considering the broad spectrum of lesions possibly
present in CD, the Marsh-Oberhuber system is undoubtedly valid under optimal clinical conditions, but the
considerable number of diagnostic categories involved
makes it prone to a low inter-observer and intra-observer agreement.
False-positive and false negative test results may occur due to patchy mucosal damage, inter-observer variability, low-grade histopathological abnormalities and
technical limitations. Hence, reliance on standard histological findings alone may result in failure to diagnose
CD[181]. Several other limitations may be evident in highvolume, service-oriented laboratories with limited attention to quality control. Poorly oriented biopsies fixed in
the endoscopy suite may be prone to difficult interpretation. Inter-observer variation in pathological interpretation may occur, especially if there is limited access to a
pathologist with expertise focused on interpretation of
small intestinal biopsies. Some patients with low-grade
histopathological abnormalities (Marsh Ⅰ/Marsh Ⅱ)
can present with gluten-dependent symptoms or disorders before overt villous atrophy occurs. Furthermore,
some patients with isolated intraepithelial lymphocytosis
(Marsh Ⅰ), who are not clinically suspected of having
CD, may develop CD during follow-up[182]. Although the
mucosal changes in CD are thought to develop gradually,
whether minor mucosal lesions in asymptomatic patients
indicate CD in an early stage is not yet clear[183].
In case of strong clinical suspicion of CD, duodenal
biopsy must be performed regardless of serological analysis[184]; in cases of low suspicion of disease or screening,
duodenal biopsy probably only needs to be performed in
seropositive patients. Hence, the new system for routine
use of simplified grading system with uniform diagnosis
and increase validity of the pathologic diagnosis of CD
was developed by using only three categories (A, B1 or
B2) with A representing normal villous with lymphocytic
infiltration and B1 and B2 representing partial and complete villous atrophy, respectively[185]. The new proposed
grading system classified the CD lesions into non-atrophic
(grade A) and atrophic (grade B)[186]. Grade A was characterized by the isolated increase of IELs (> 25/100 enterocytes)[187], whereas grade B was split into B1, in which
the villous/crypt ratio is less than 3/1, with still detectable
villi, and B2, in which the villi are no longer detectable. A
comparison between the Marsh-Oberhuber and the new

Antibody level: Several serum antibodies have been used
to initially evaluate patients with suspected CD, monitor
adherence and response to GFD, and screen asymptomatic individuals. Anti-gliadin antibodies (AGA) detection
has low sensitivity and specificity, leading to high falsepositive rate in patients[173]. Recent reports of deamidated
gliadin peptide AGA (DGP-AGA) have suggested a
much improved accuracy[174]. The sensitivity and specificity for IgA DGP-AGA is 84.3% and 79.8%, whereas for
IgG DGP-AGA the sensitivity and specificity are 82.3%
and 98.9%, respectively[175]. As shown in Table 6, EMA
and TGA have been found to be superior to AGA and
gives highest sensitivity and specificity of greater than
95% when used in combination[173,176,177]. EMA testing,
however, produces a subjective and highly observerdependent result, whereas TGA testing is quantitative.
Small intestinal mucosal biopsy
Histopathological analysis: Although the diagnosis of
CD can be suspected on clinical or laboratory grounds,
or as a result of serological tests, histology of the proximal small intestinal mucosa is still the diagnostic gold
standard and must always be performed. Small intestinal
histopathology of CD biopsy samples are characterized
by typical architectural abnormalities. Marsh[178] has pioneered the theory of a sequence of progression of the
CD lesion in the small intestinal mucosa.
According to the modified Marsh classification:
normal mucosa is classified Marsh 0, intraepithelial lymphocytosis as Marsh Ⅰ, intraepithelial lymphocytosis
and crypt hyperplasia as Marsh Ⅱ, and intraepithelial
lymphocytosis, crypt hyperplasia and villous atrophy as
Marsh Ⅲ[179]. Later the Marsh-Oberhuger system was
developed, where stage 3 was split into three sub stages (a,
b and c)[178,180]. The Marsh-Oberhuber classification was
based on a 6-stage grading, namely (1) type 1 infiltrative
lesions, characterized by normal mucosal architecture
with an increased number of IELs; (2) type 2 hyperplastic lesions, characterized by an increase in crypt depth
without villous flattening; (3) type 3a, 3b, and 3c destructive lesion, characterized by mild, marked, and complete
villous flattening, respectively; and (4) type 4 hypoplastic
lesions, characterized by villous atrophy with normal
crypt height and IEL count.
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(1) Marsh system (2) Marsh-Oberhuber system (3) New grading system
Type Ⅰ
Type Ⅱ

Type 1
Type 2

Grade A

Type Ⅲ

Type 3a
Type 3b

Grade B1

Type 3C

Grade B2

A

B1

B2

Figure 7 A comparison between the Marsh classification for celiac disease. 1: Marsh-Oberhuber; 2: Grading system for celiac disease, and the new grading
system; 3: Representative pictures of the grades A (original magnification, 20×; insert, 60×), B1 (20×), and B2 (20×), proposed in the new grading system. An alternative classification may simply describe “mild”, “moderate” or “severe (flat)” architectural changes[186] (printed with permission).

and CD8 T-cell markers[189,190]. The current methods for
double CD3/CD8 T cell receptor clonal from intestinal
tissue can be done by immunohistochemistry, polymerase
chain reaction or flow cytometry[161,162,189]. The presence
of these IELs is associated with a significant increase in
EATL development[161,163,191,192]. Increased IEL’s may be
used to support or exclude diagnosis of CD, and may be
useful for follow up as mentioned in Table 7[193].
In 95% of non-refractory CD and control patients,
the highest percentage of aberrant T-cells in duodenal
biopsy specimens is in agreement with the cut-off of the
% T cells which are aberrant. Such a cut-off has been previously suggested in the RCD group based on the clinical observation that none of the RCD patients with less
than 20% aberrant T-cells eventually developed EATL[163].
Clonal T-cell population can be found in the intestinal
mucosa of RCD patients, which relates to the development of EATL[161,194]. Immunophenotyping using flow
cytometry[162], gives significant higher negative predictive
value and sensitivity (both 100%) for aberrant T-cells were
found with regard to EATL development in RCD, when
compared to clonality in a duodenal biopsy specimen (75%
and 78%, respectively). The positive predictive values
(59%) and likelihood ratios (1.85) of these tests for EATL
development in RCD are almost comparable.
Aberrant T-cells is quantified by flow cytometry is
well suited to identify RCD patients at risk for EATL
as it has a higher predictive value and sensitivity than
T-cell clonality analysis of duodenal biopsy specimens.
A cut-off value of 20% appears reliable for early risk
stratification [159], and targeted therapeutic options in
RCD patients[6,27,195]. This is particularly important since
once overt T-cell lymphoma has developed, treatment
outcome and survival are very poor[159,196]. Additionally,
quantification of aberrant T-cells is useful for the subsequent follow-up of treated RCD Ⅱ patients[27].

Table 7 Factors that support the diagnosis of celiac disease in
patients with an increased density of intraepithelial lympho[194]
cytes but no villous shortening
(printed with permission)
Family history of celiac disease
Concomitant autoimmune
conditions
Increased density of γδ+ IELs
Increased density of villous tip
IELs
HLA DQ2 or DQ8
Gluten dependence

15% of first-degree relatives are
affected
Risk of coeliac disease approximately
5-fold
Sensitivity 0.84, specificity 0.91
Sensitivity 0.84, specificity 0.95
High sensitivity, low specificity
Negative predictive value high
Should be ascertained by gluten
challenge or gluten-free diet

IELs: Intraepithelial lymphocytes; HLA: Human leukocyte antigen.

grading criteria is shown in Figure 7. Figure 7C represents
pictures of the grades proposed in the new histologic
grading criteria.
Recently, quantitative measurements of villous height,
apical and basal villous widths, and crypt length (morphometry) have been used to determine changes in duodenal morphology, particularly after the introduction of
a GFD, in correlation with Marsh grade, self-reported
adherence to GFD, and changes in serology. GFD resulted in increase in villous area and a progressive decrease in crypt length, with a plateau after 6-12 mo and
mean villous area half that of control subjects[188].
Intraepithelial lymphocyte: The presence of aberrant
IELs appears to be a reliable prognostic marker to differentiate between RCD typeⅠand type Ⅱ patients, with
characteristic normal and aberrant IELs, respectively.
IELs are considered aberrant when there is cytoplasmic
CD3 expression, but no expression of surface CD3, CD4
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Table 8 Future therapeutic approach for celiac disease treatment
Mechanism

Therapeutic agent

Hydrolysis of toxic gliadin

Stage of study

ALV003
AN-PEP

Glutenenases and endoprotease
Prolyl endopeptidase
Lactobacilli
VSL#3
Lyophilised bacteria, including Bifidobacteria, Lactobacilli and Streptococcus salivarius
Prevention of gliadin absorption Larazotide Hexapeptide derived from zonula occludens toxin of Vibrio cholera
Synthetic polymer poly (hydroxyethylmethacrylate-co-styrene sulfonate)
Anti-gliadin IgY
tTG2 inhibitor
Dihydroisoxazoles
Cinnamoyltriazole
Aryl β-aminoethyl ketones
Peptide vaccination
Nexvax2 Three deamidated peptides derived from wheat α-gliadin, ω-gliadin and β-hordein
Human hookworm (Necator americanus) inoculation
Modulate immune response
HLA-DQ2 blocker
Interleukin blocker
NKG2D antagonist
Restore intestinal architecture
R-spondin-1

Phase Ⅱ
Phase Ⅱ
Discovery
Discovery
Phase Ⅱ
Discovery
Discovery
Discovery
Discovery
Discovery
PhaseⅠ
Phase Ⅱ
Discovery
Discovery
Discovery
Discovery

tTG2: Tissue transglutaminase 2; PEP: Prolyl endopeptidases; NKG2D: Homodimeric natural killer-activating receptor; HLA: Human leukocyte antigen;
IgY: Immunoglobulin Y.

Useful background for the diagnosis of CD: The
HLA class Ⅱ molecules DQ2 and DQ8 are required
for but are not sufficient for the development of CD:
50% of Americans are positive of one of those molecules, but only 1% develop CD. Negative HLA DQ2
or DQ8 may rule out CD as a cause of the enteropathy;
IgA TGA serology is > 95% sensitive for CD, especially
when there is a high titre, but false positive tests can occur; Anti-gliadin antibodies have a relationship high false
negative rate, and have been replaced by IgG DGP assays that appear to have a sensitivity compared to TGA;
The endoscopic features of CD (scalloping of mucosal
folds, less prominent folds, fissules, and a nodular/mosaic pattern) are 59% sensitive but 92% specific for CD.
For example, other small bowel disorders, including
Crohn disease in the duodenum, may cause mucosal
scalloping and other endoscopic features of CD.

Gluten modification: Approaches to modify dietary
gluten have been made to render gliadin non-toxic, since
it is a non-invasive approach to CD patients. This approach has been less appealing due to loss of baking
characteristic, public refusal for genetically modified
crops, contamination of genetically modified crops with
gluten contained crops grown nearby and heterogeneous
uncharacterised immunostimulatory epitopes in gluten,
and difference among patients response to epitopes and
gluten levels[201].
A greater understanding of the pathogenesis of CD
allows alternative future treatments to be designed. A
number of preliminary studies have been published that
illustrate from a conceptual perspective future possible
approaches that may be pursued in more detail (Table 8).

TREATMENT

FUTURE TREATMENT APPROACHES

Existing treatment
GFD: Currently, the only effective treatment available
for CD individuals is a strict life-long GFD[197]. In reality,
total avoidance of gluten intake is extremely difficult, due
to hidden gluten from food contamination[198]. For safety
purposes, United States Food and Drug Administration has set the limit (August 2011) of < 20 ppm gluten
(equivalent to 10 ppm gliadin) for gluten-free foods. The
total daily consumption of gluten-free foods must be
taken into account as it may exceed the tolerable limit
of each celiac individual. It has been estimated that the
threshold of prolonged gluten ingestion in some CD individuals may be lower than 50 mg/d[199]. However, some
CD individuals can conceivably be more sensitive. The
presence of hidden gliadin in contaminated food products represents an imminent risk for celiac consumers,
because of long-term effect of regular ingestion of small
amounts of gliadin[200], on causing positive tTG and char-

Hydrolysis of toxic gliadin peptide
Prolyl endopeptidases: Prolyl endopeptidases (PEPs)
are endoproteolytic enzymes expressed in micro-organisms and plants. These enzymes cleave proline-rich
gluten to smaller peptides that are ready for digestion
by intestinal brush-border enzymes (aminopeptidases
and carboxypeptidases). Limited efficiency was found,
since PEP required 3 h preincubation with gluten containing foods to achieve full detoxification of peptides
and to prevent intestinal transport of active gluten fragments[202]. This is unlikely to be achieved by co-administration of PEP and gluten-containing diet.
A two-stages cross-over phase Ⅱ clinical trial was
performed using asymptomatic CD patients eating, a
slice of bread daily and a slice of bread pre-treated with
PEP daily[203]. After 2 wk of PEP treated gluten challenge, majority of patients did not develop malabsorption, measured by faecal fat excretion and D-xylose
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malabsorption tests. The tests likely lacked the necessary
sensitivity to assess minor malabsorption resulting from
active CD, since no histological confirmation was performed to determine deterioration in the Marsh grading[201]. When PEPs were consumed as jam spread on a
slice of gluten-containing bread by CD patients, villous
blunting was seen in small bowel biopsy histological evaluation in most patients[204]. Further studies are needed to
determine the appropriate dose of enzyme and time of
administration relative to the quantity of ingested gluten.

thelial lymphocytes and caused a less pronounced effect
on intestinal mucosa permeability (determined by lower
F-actin rearrangement and zonulin release). Hence,
VSL#3 may have importance during food processing to
produce pre-digested gluten-free products.
Prevention of toxic gliadin peptide absorption
Larazotide: Larazotide (AT-1001, Alba Therapeutics,
Baltimore, MA), is a synthetic hexapeptide derived from
Zonula Occludens toxin of Vibrio cholera[212]. It is used
to inhibit the opening of tight junctions of the small intestine epithelial cells. Clinical trial phase Ⅰin CD patients
suggested that Larazotide therapy is well tolerated by
patients and reduces intestinal barrier dysfunction, proinflammatory cytokine production, and gastrointestinal
symptoms in CD individuals after gluten exposure[213].
Encouraging results were obtained from a 6-wk phase
[214]
Ⅱb trial in terms of symptoms and antibody titers ,
showing larazotide acetate a promising drug candidate.
This drug inhibits the paracellular route of gliadin absorption through tight junctions, which is not the only
mechanism of gliadin absorption. Indeed, gliadin may
gain access to the mucosa through transcellular pathways
in addition to paracellular route[135,137]. Hence, this strategy might be best exploited in combination with other
treatments.

ALV003: ALV003, a mixture of two glutenases, an endoprotease from germinating barley and PEP, was pretreated with wheat flour and tested in CD patients[205].
Symptoms typically associated with gluten ingestion were
not significantly reduced by ALV003 pre-treatment, but
ALV003 abolished immune responses induced by gluten
in CD patients. A randomized controlled phase Ⅱa clinical trial has been performed where CD patients received
either ALV003 or placebo daily for 6 wk at the time of
2 g gluten contained bread. This proof-of-concept study
demonstrated that ALV003 can attenuate gluten-induced
small intestinal mucosal injury in CD patients[206]. After
six weeks period, biopsies proved lower small intestinal
mucosal injury in patients treated with ALV003 than
placebo-treated patients despite of persistent intestinal
inflammation in many patients on a strict GFD. Placebotreated patients were found to have suffered more adverse
events, most commonly including abdominal distention,
flatulence, eructation, abdominal pain and diarrhea[206].

Synthetic polymer poly (hydroxyethylmethacrylateco-styrene sulfonate): Poly (hydroxyethylmethacrylateco-styrene sulfonate) [P (HEMA-co-SS)] forms supramolecular particles upon gliadin complexation in gastric
and intestinal conditions[215,216], and deteriorates gliadin’s
effect on epithelial cells[217]. This complexation decreases
the effect of gastrointestinal (GI) digestive enzymes
on gliadin absorption, and thus the formation of immunogenic peptides is reduced. Gluten-sensitive HLAHCD4/DQ8 mice co-administered with P (HEMAco-SS) showed attenuated gliadin-induced changes in
permeability and inflammation[217]. Low side effect, cost
and possibility to be taken, occasionally with glutencontaining food, makes it an attractive option. Further
investigation of the mechanisms of action and its interaction with human tissues is required before its efficacy
is investigated in human trials[218].

Lactobacilli: Lactobacilli added to sourdough for fermentation are able to lyse the proline-/glutamine-rich
gluten peptides and thus decrease immunotoxicity[207-210].
A mixture of fermented wheat flour with oat, millet and
buckwheat allows sourdough bread to retain its baking
characteristics. A pilot study in patients with CD suggested
that this bread was well tolerated[209]. However, these patients were challenged for only 2 d, which is clearly not
sufficient to draw any firm conclusions. Hence, another
60-d diet of fully hydrolyzed wheat flour with sourdough
lactobacilli and fungal proteases (8 ppm residual gluten; n =
5) was further studied. The pretreated flour was rendered
non-toxic by serological, morphometrical, and immunohistochemical analysis[211]. A larger group of subjects in the
trial and palatability of digested flour baked products needs
to be taken into consideration.

Anti-gliadin egg yolk antibody: Oral antibody passive
immunotherapy may be of value due to the advantages
of reduced cost, ease of administration, and potential to
treat localized conditions in the gastrointestinal tract[219].
Among antibodies, chicken egg yolk immunoglobulin
(IgY), is ideal for passive immunotherapy, as it may be
readily obtained in large quantities from egg yolk, presenting a more cost-effective, convenient, and hygienic
alternative to mammalian antibodies. Oral immunotherapeutic IgY is a promising alternative to neutralize gliadin
in the GI tract and prevention it from absorption[220].
Mannitol contained antibody preparation is highly resistant against GI enzymes and proved to effectively

VSL#3: VSL#3 is a probiotic containing lyophilised
bacteria, including bifidobacteria (Bifidobacterium longum,
Bifidobacterium infantis and Bifidobacterium breve), lactobacilli (Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus
delbrueckii subsp., Lactobacillus bulgaricus and Lactobacillus
plantarum) and Streptococcus salivarius subsp., Thermophiles. It
is used to hydrolyse gliadin peptides in pre-treated flour
and tested for efficacy in rat intestinal cell line and celiac
jejunal biopsies[207]. VSL#3 pre-digested gliadins did not
show an increase of the infiltration of CD3+ intraepi-
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neutralized gliadin under simulated GI conditions in the
presence of food. In vivo study; BALB/c mice fed with
IgY formulation and gliadin ratio of 1:5 (w/w), demonstrated that gliadin absorption in the gastrointestinal
tract was minimal at < 1%[221]. Further investigations in
CD patients is requires to prove its efficacy and determine dosing regimen of antibody relative to the amount
of gliadin ingestion.

obviate the necessity for a restricted diet in CD, but appears to be safe and might impact on immune pathology [234]. Here in, hookworm infection is expected to
reduce gluten sensitivity and immune reactivity.
Modulation of immune response to dietary gliadin
HLA-DQ blocker: HLA-DQ blocker is used to block
the binding sites of HLA-DQ2 or DQ8 for it to be
unrecognized by T cells as well to block the presentation of the antigen. This is not a new concept that was
developed without much success to treat type 1 diabetes
mellitus and rheumatoid arthritis, due to difficulties in
effective drug delivery[235,236]. By amino-acid substitution
of gliadin T-cell stimulatory sequence, the epitope can
be converted to an agonist or antagonist, abolishing the
inflammatory cascade[237]. IFN-γ production by peripheral blood lymphocytes was prevented when either an
alanine or lysine amino acid was substituted through the
immunodominant α-gliadin peptide, corresponding to
the peptide’s anchor to the HLA-DQ cleft[238]. To develop this as a new therapeutic agent, more studies need
to be performed, looking at the mass T-cell action of the
gut towards these modified peptides.

Blockage of selective deamidation of specific glutamine
residues by tissue transglutaminase 2 inhibitor
Transglutaminases (a family of eight enzymes) have diverse functions in human and are involved in several
biological and pathological processes[222]. tTG2 is an enzyme that has a pro-inflammatory effect and increases
the immunostimulatory epitopes present in the lamina
propria of the small intestine. Blockage of tTG2 may be
a promising approach to inhibit the inflammatory process
upon gluten ingestion. There are two essential classes of
tTG2 inhibitors; irreversible and reversible inhibitors[223].
Irreversible inhibitors form a stable covalent bond with
this enzyme, and thus prevent deamidation of gliadin
peptides[223,224]. Reversible inhibitors are more desirable to
minimize possible side effects. These include aldehydebearing tTG modulators[225], cinnamoyl triazole derivatives[226], and the highly specific modified peptide targeting
the active cysteine site of tTG2[227]. Since a few gluten
T-cell epitopes can be recognized without being deamidated by tTG2[228,229], this approach will not inhibit the innate
response[101], or the immune response induced by nondeamidated peptides[82]. To be able to use tTG2 inhibitors
clinically, it is critical to design highly specific inhibitors,
since all human tTG share high sequence homology.

Interleukin blocker: Modulation of cytokine production has been evaluated for the treatment of several
autoimmune diseases, although their side effects may be
severe. Modulation of proinflammatory IL-15 and antiinflammatory IL-10 cytokines has been suggested to
influence the immune balance between tolerance and autoimmunity[127,239-241]. Blocking IL-15 may promote maintenance of epithelial integrity, limit epithelial destruction,
leading to decreased passage of dietary gliadin.
NKG2D antagonists: MICA molecules, strongly expressed on active CD epithelial cell surface upon gliadin challenge[132], interact with the NKG2D-activating
receptor on human natural killer cells and CD8 T cells,
leading to villous atrophy due to an IEL-mediated damage to enterocytes[131,132]. Thus, NKG2D antagonists[131]
and anti-NKG2D antibodies[242], have been proposed as
therapeutics in CD.

Vaccine application to restore immune tolerance
towards gluten
Autoimmune enteropathy in CD has been proposed to
be due to impairment of immunoregulatory mechanisms
that controls oral tolerance. Systematic peptide mapping
of T-cell was performed to determine gliadin reactive
epitopes recognized by approximately 90% of CD patients. A clinical trial phase Ⅰ study has been initiated as
Nexvax2® (Nexpep Pty, Ltd., Australia) peptide vaccinecontaining mixture of immunotoxic α- and ω-gliadins
and B-hordein[230].
Engineered Lactococcus lactis secreting a DQ8-restricted gliadin peptide administered orally[231], or recombinant α-gliadin in HLA-DQ8 administered intranasally in
transgenic mouse model[232], have been studied to modulate immune response to gluten. However, it is difficult
to appreciate how the vaccine or the intranasal peptide
administration can modulate the Tr1 response. More work
is needed to assess the effect of these therapies on the
spectrum of gluten peptides presented to the gut.
Dermal inoculation of human hookworm (Necator
americanus) has also been used to modulate the immune
response to gluten[233]. A phase Ⅱ trial with CD patients
suggested that hookworm infection on its own may not
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Restoration of intestinal architecture by R-spondin-1
R-spondin-1 is an intestinal mitogen, shown to stimulate crypt cell growth, accelerate mucosal regeneration
and restore intestinal architecture in mouse models of
colitis[243]. This agent has yet to be tested in human to be
considered as a therapeutic agent in CD.

CONCLUSION
CD has been kept in the dark for decades with very
little known about what is a relatively common medical
condition. It is only recently that we have greater understanding of its prevalence, diagnosis and pathogenesis,
which has supported the development of new therapeutic approaches to treat CD. There are several future
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Table 9 Key points from recent findings
Cause
Environmental (gluten) and genetic factors (HLA and non-HLA genes)
Prevalence
0.5%-1% worldwide in normal at-risk population
Higher risk in the population with diabetes, autoimmune disorder or relatives of CD individuals
Pathogenesis
Gliadin gains access via trans- and para-cellular routes to the basal surface of the epithelium, and interact directly with the immune system
Types of CD symptoms: “typical” or “atypical”
Diagnosis
Positive serological (TGA or EMA) screening results suggestive of CD, should lead to small bowel biopsy followed by a favourable clinical and
serological response to the GFD to confirm the diagnosis
Current treatment
Strict life-long GFD
Alternative future CD treatments strategies
Hydrolysis of toxic gliadin peptide
Prevention of toxic gliadin peptide absorption
Blockage of deamidation of specific glutamine residues by tissue
Restoration of immune tolerance towards gluten
Modulation of immune response to dietary gliadin
Restoration of intestinal architecture
HLA: Human leukocyte antigen; CD: Celiac disease; EMA: Endomysial; TGA: Transglutaminase; GFD: Gluten-free diet.

directions to follow to treat CD, which if successful will
supplement or even replace the current only effective
treatment, the use of a GFD. A greater understanding
of the pathogenesis of CD allows alternative future CD
treatments to hydrolyse toxic gliadin peptide, prevent
toxic gliadin peptide absorption, blockage of selective
deamidation of specific glutamine residues by tissue,
restore immune tolerance towards gluten, modulation of
immune response to dietary gliadin, and restoration of
intestinal architecture (Table 9).
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REVIEW

Current progress in the treatment of chronic hepatitis C
Alexandra Alexopoulou, George V Papatheodoridis
challenges with the use of the new triple combinations
in genotype 1 patients, such as the need for immediate
results of HCV RNA testing using sensitive quantitative
assays, new and more frequent adverse events (anemia
and dysgeusia for boceprevir; pruritus, rash and anemia
for telaprevir), new drug interactions and increasing difficulties in compliance. Moreover, the SVR rates are still
poor in very difficult to treat subgroups of genotype 1
patients, such as null responders with cirrhosis, while
there is no benefit for patients who cannot tolerate PEGIFN/RBV or who are infected with non-1 HCV genotype.
Many newer anti-HCV agents of different classes and
numerous combinations are currently under evaluation
with encouraging results. Preliminary data suggest that
the treatment of chronic HCV patients with well tolerated combinations of oral agents without PEG-IFN is
feasible and may lead to a universal HCV cure over the
next 5-10 years.
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Abstract
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Over the last decade, the standard of care for the treatment of chronic hepatitis C has been the combination of
pegylated-interferon-alfa (PEG-IFN) and ribavirin (RBV)
which results in sustained virological response (SVR)
rates of 75%-85% in patients with genotypes 2 or 3
but only of 40%-50% in patients with genotype 1. Currently, there are rapid and continuous developments of
numerous new agents against hepatitis C virus (HCV),
which are the focus of this review. Boceprevir and telaprevir, two first-generation NS3/4A HCV protease inhibitors, have been recently licensed in several countries
around the world to be used in combination with PEGIFN and RBV for the treatment of genotype 1 patients.
Boceprevir or telaprevir based triple regimens, compared with the PEG-IFN/RBV combination, improve the
SVR rates by 25%-31% in treatment-naïve genotype 1
patients, by 40%-64% in prior relapsers, by 33%-45%
in prior partial responders and by 24%-28% in prior
null responders. At the same time, the application of
response-guided treatment algorithms according to the
on-treatment virological response results in shortening
of the total therapy duration to only 24 wk in 45%-55%
of treatment-naïve patients. There are, however, several
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INTRODUCTION

HCV GENOME ORGANIZATION AND
NEW ANTIVIRALS

Chronic hepatitis C virus (HCV) infection affects approximately 170 million people worldwide[1]. Chronic
hepatitis C may lead to the development of cirrhosis,
liver decompensation and hepatocellular carcinoma and
is a major indication for liver transplantation, particularly
in Western countries[2]. HCV is classified into 6 major
genotypes. Some genotypes have a restricted geographical distribution (genotypes 4-6), while others (genotypes 1-3) are more broadly disseminated. Genotype 1
(subtypes 1a and 1b) is the most prevalent genotype in
the world. Genotype 2 is found in clusters in the Mediterranean region, genotype 3 is most prevalent among
intravenous drug users and genotype 4 is found mostly
in Egypt, while genotypes 5 and 6 are less frequent[3,4].
The HCV genotypes strongly affect the likelihood of the
response to treatment.
During the last decade, the standard of care (SOC)
for chronic HCV patients consisted of pegylated interferon-alfa (PEG-IFN)-2a or -2b combined with ribavirin
(RBV). The treatment duration has been based on the
on-treatment virological responses, mainly estimated at
4 wk [rapid virological response (RVR)] and 12 wk of
therapy (early virological response)[3,5]. Recently, polymorphisms of the interleukin 28b (IL28B, interferon
lambda 3) gene were strongly associated with the rates
of sustained virological response (SVR) to PEG-IFN/
RBV therapy and therefore their determination may be
useful to identify a patient’s likelihood of response to
treatment, but the predictive value is low[5]. In patients
with HCV genotypes 2 or 3, the combination of PEGIFN/RBV is usually given for 24 wk, achieving rates of
SVR, i.e., absence of HCV RNA at 6 mo or more after
cessation of therapy, of about 75%-85%. In patients
with HCV genotypes 1 and 4, the combination of PEGIFN and RBV is usually given for 48 wk, resulting in
SVR rates of 40%-50% for genotype 1 and 55%-65%
for genotype 4 patients[5,6]. The SVR rates are substantially lower in previous non-responders to PEG-IFN and
RBV, in whom the proportion of genotype 1 patients is
higher due to the lower initial SVR rates. It has been reasonable, therefore, that new treatments with improved
efficacy were mostly needed for patients with genotype
1. In addition and regardless of HCV genotype, there
are chronic HCV patients who cannot be treated with
PEG-IFN and RBV for several reasons. First and of
most clinical relevance, PEG-IFN therapy is contraindicated in patients with decompensated liver disease.
Second, patients may not tolerate and/or may have other
contraindication(s) to PEG-IFN or RBV. Thus, there has
definitely been a need for new antiviral drugs with better
efficacy, improved tolerance and good safety profiles for
chronic HCV patients.
The current review focuses on the recent rapid and
continuous developments in the management of chronic
HCV infection, which have been based on a better understanding of the structure of the HCV genome and
the key viral enzymes.
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HCV has a positive-sense, single-stranded RNA genome
of some 9.6 kilobases that encodes a polyprotein of about
3000 amino acids[7,8]. The open reading frame for the polyprotein is flanked by 5’ and 3’ untranslated regions, which
contain elements that regulate translation and replication.
The polyprotein is generated by the host cell translation
machinery and cleaved co- and post-translationally by
viral and host proteases to yield the mature viral proteins.
The N-terminal segment of the polyprotein encodes the
structural components of the virus (Core, E1, E2 and
p7). Core protein forms the capsid shell into which the
virus genome is packaged, while the glycoproteins are
considered to locate to the lipid envelope surrounding the
capsid. P7 is required for the virus assembly[9,10].
The C-terminal component of the polyprotein contains
non-structural proteins (NS2, NS3, NS4A, NS4B, NS5A
and NS5B). NS2 and NS3 are viral proteases required for
the processing of the HCV polyprotein[11]. NS3 is a multifunctional enzyme, which provides a serine protease and
helicase/nucleotide triphosphatase activity and forms a
stable eterodimeric complex with its cofactor NS4A, which
is essential for protein folding. The NS3/NS4A complex
cleaves the junction between NS3/4A, NS4A/NS4B,
NS4B/NS5A and NS5A/NS5B. NS3 has also a helicase
activity and is necessary for HCV replication supporting
the unwinding of HCV[12]. NS4B is the presumed central
organizer of the HCV replicase complex and a main inducer of intracellular membrane rearrangements[13]. NS5A
is a RNA-binding phosphoprotein required for RNA replication and assembly of infectious virus particles[14]. NS5B
RNA-dependent RNA-polymerase is required for viral
replication.
The nonstructural proteins mentioned above have
been the major targets for the evolving directly acting
antivirals (DAAs) or specifically targeted antiviral therapy for hepatitis C. In particular, DAAs under development mainly include NS3/4A protease inhibitors, NS5B
polymerase inhibitors and NS5A inhibitors. In addition,
inhibitors of cyclophilin, which is a host protein with an
important role in the HCV lifecycle, are also under development (Table 1).

NS3/4A PROTEASE INHIBITORS
Two first-generation, linear NS3/4A protease inhibitors,
boceprevir and telaprevir, have recently been approved
in several countries around the world for clinical use in
patients with genotype 1, while many new NS3/4 protease inhibitors are currently under evaluation in clinical
trials (Table 1). Boceprevir and telaprevir have high antiviral potency only against genotypes 1 and 2[15], but a low
barrier to resistance. In particular, resistant HCV strains
develop within a few days of monotherapy with one
of these two agents[16,17], while most mutations confer
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Efficacy data from phase III clinical trials with
boceprevir- or telaprevir-based regimens in treatmentnaïve patients with genotype 1
SPRINT-2 was a randomized, double-blind, placebocontrolled trial designed to evaluate the efficacy and
safety of boceprevir-based regimens compared with
the previous SOC, as well as the efficacy of boceprevirbased response-guided therapy (RGT) compared with
a fixed 48-wk boceprevir regimen[20]. In total, 1097 (938
nonblack and 159 black) treatment-naïve genotype 1 patients were randomly assigned to one of three treatment
arms (1:1:1). They all received PEG-IFN-2b and RBV
for the first 4 wk (lead-in period) followed by (1) placebo
plus PEG-IFN-2b/RBV for 44 wk (control arm); (2) boceprevir plus PEG-IFN-2b/RBV for 24 wk with or without an additional 20-wk course of placebo plus PEGIFN-2b/RBV (boceprevir RGT arm); or (3) boceprevir
plus PEG-IFN-2b/RBV for a standard period of 44 wk
(boceprevir fixed arm). PEG-IFN-2b was administered
subcutaneously at a dose of 1.5 µg/kg per week, RBV
orally at a total daily dose of 600-1400 mg according to
body weight and boceprevir orally with food at a dose of
800 mg every 7-9 h. In the boceprevir RGT arm, treatment was stopped at 28 wk in patients who achieved an
extended RVR (eRVR) defined as undetectable HCV
RNA between 8 and 24 wk, or continued until week 48 in
patients who did not achieved such an eRVR.
The SVR rate was significantly lower in the control
arm (38%) compared with both boceprevir arms (RGT:
63%, fixed: 66%; P < 0.001) (Table 2). In all arms, black
patients achieved lower SVR rates compared with nonblack patients (control arm: 23% vs 40%, boceprevir RGT
arm: 42% vs 67%, boceprevir fixed arm: 53% vs 69%). In
the RGT arm, a total of 44% of patients were eligible to
receive only 28 wk of treatment having an excellent SVR
rate of 96% (97% for nonblacks and 87% for blacks).
The relapse rates were 22% in the control arm and 9% in
the two boceprevir arms. In conclusion, boceprevir-based
regimens, compared with the PEG-IFN/RBV combination, offer a 25%-28% benefit in the likelihood of SVR in
treatment-naïve genotype 1 patients, while a RGT-based
duration of boceprevir-based therapy has excellent results
in patients with an eRVR and is not overall inferior than a
fixed 48-wk boceprevir-based regimen.
ADVANCE was a randomized, double-blind, placebo-controlled trial designed to evaluate the efficacy
and safety of telaprevir-based regimens compared with
previous SOC as well as the optimal duration of telaprevir triple combination[21]. In total, 1088 treatmentnaïve genotype 1 patients were randomized to one of
three treatment arms (1:1:1): (1) telaprevir plus PEGIFN-2a/RBV for the first 12 wk followed by 12 or 36
wk of PEG-IFN-2a/RBV (T12PR arm); (2) telaprevir
plus PEG-IFN-2a/RBV for the first 8 wk and placebo
plus PEG-IFN-2a/RBV for another 4 wk followed by
12 or 36 wk of PEG-IFN-2a/RBV (T8PR arm); or (3)
PEG-IFN-2a/RBV for 48 wk together with placebo

Table 1 New agents against hepatitis C virus currently evaluated in phase Ⅱ or Ⅲ trials
Drug

Company

NS3/4A protease inhibitors
First generation, linear
Boceprevir (Approved)
MERCK
Telaprevir (Approved)
JANSSEN
Narlaprevir
MERCK
First generation, macrocyclic
BI201335
BOEHRINGER Ingelheim
TMC435
TIBOTEC/JANSSEN
Danoprevir
ROCHE
Vaniprevir
MERCK
Asunaprevir
BRISTOL-MYERS SQUIBB
ABT-450
ABBOTT
GS-9451
GILEAD
GS-9256
GILEAD
ACH-1625
ACHILLION
Second generation, macrocyclic
MK-5172
MERCK
Nucleos(t)ide analogue inhibitors of HCV polymerase
PSI/GS-7977
PHARMASSET/GILEAD
Mericitabine
ROCHE
IDX-184
IDENIX
Non-nucleoside analogue inhibitors of HCV polymerase
Tegobuvir
GILEAD
Filibuvir
PFIZER
ANA-598/Setrobuvir
ANADYS/ROCHE
BI207127
BOEHRINGER Ingelheim
ABT-333
ABBOTT
ABT-072
ABBOTT
VX-222
VERTEX
NS5A inhibitors
Daclatasvir
BRISTOL-MYERS SQUIBB
GS-5885
GILEAD
GSK2336805
GSK
Cyclophilin inhibitors
Alisporivir1
NOVARTIS
SCY-635
Scynexis
1

On hold by the United States Food and Drug Administration because of
toxicity (pancreatitis cases with one death). HCV: Hepatitis C virus.

cross-resistance to both drugs (V36A/M, T54S/A, V55A,
R155K/T/Q, A156S, A156T/V)[18]. HCV subtype 1a
develops resistance more frequently and more rapidly
than subtype 1b[19], as just one (instead of two in subtype
1b) nucleotide change (R155K) is enough for an amino
acid replacement and emergence of a resistant strain.
Because of the low barrier to resistance, boceprevir and
telaprevir should always be used in triple combinations
together with PEG-IFN/RBV. Since viral resistance
may develop even in triple combinations with PEGIFN/RBV, strict stopping rules are recommended to be
applied with the use of boceprevir- or telaprevir-based
regimens. Newer, first-generation NS3/4A inhibitors
under development are mainly macrocyclic (danoprevir,
vaniprevir, asunaprevir, etc.), and are expected to have
better pharmacokinetics and tolerability compared with
boceprevir and telaprevir. Second-generation NS3/4A
inhibitors (MK-5172) are expected to have pan-genotype
antiviral activity and improved resistance profiles.
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the SVR rates were 54% and 50% in the T12PR and
T8PR arms, respectively (Table 2). The relapse rate was
9% in both telaprevir arms compared with 28% in the
control arm.
Based on these data, we can conclude that telaprevirbased regimens, compared with the PEG-IFN/RBV
combination, offer a 25%-31% benefit in the likelihood
of SVR in treatment-naïve genotype 1 patients despite
more than 50% of patients in the telaprevir arms receiving only 24 wk instead of 48 wk of therapy. Because of
the numerically higher response rates in the T12PR than
in the T8PR arm, the 12-wk telaprevir triple combination regimens were considered to be optimal for the
treatment of genotype 1 patients.
ILLUMINATE was another phase Ⅲ trial which
included 440 treatment-naïve genotype 1 patients to
assess whether 24 wk of a telaprevir-based regimen
was sufficient for patients with an eRVR[22]. All patients
received telaprevir plus PEG-IFN-2a/RBV in the same
doses used in the ADVANCE trial for the first 12 wk
followed by PEG-IFN-2a/RBV for 12 or 36 wk[3]. In
particular, patients with an eRVR (undetectable HCV
RNA at weeks 4 and 12) were randomized at week 20
to continue PEG-IFN-2a and RBV until 24 or 48 wk,
while all patients without an eRVR were maintained on
PEG-IFN-2a/RBV until 48 wk. Among the 60% of patients who achieved an eRVR and continued treatment
after 20 wk, SVR rates were comparable between those
treated for a total duration of 24 or 48 wk (92% vs 88%,
respectively) (Table 2). In the 22% of patients who did
not achieve an eRVR but continued treatment after 20
wk, the SVR rate was 64%, while treatment was discontinued prematurely before the randomization at week 20
in 18% of cases. The conclusion of the ILLUMINATE
trial was that 24 wk of a telaprevir-based regimen is
enough for the treatment-naïve genotype 1 patients who
achieve an eRVR.

Table 2 Sustained virological response rates in phase Ⅲ clinical trials with hepatitis C virus protease inhibitor-based regimens in treatment-naïve and treatment-experienced patients
Name of trial
Naïve patients - Treatment group
SPRINT-2
BOC/RGT
BOC44/PR48
PR48
ADVANCE
T12PR
T8PR
PR
ILLUMINATE
T12PR24 (eRVR+)
T12PR48 (eRVR+)
T12PR48 (eRVR-)
< 20 wk
Treatment-experienced patients - Treatment group
RESPOND-2
Prior relapsers
PR48
BOC/RGT
BOC44/PR48
Prior partial responders PR48
BOC/RGT
BOC44/PR48
REALIZE
Prior relapsers
PR48
LIT12PR48
T12PR48
Prior partial responders PR48
LIT12PR48
T12PR48
Prior null responders
PR48
LIT12PR48
T12PR48

SVR

63%
66%
38%
75%
69%
44%
92%
87%
64%
23%

29%
69%
75%
7%
40%
52%
24%
88%
83%
15%
54%
59%
5%
33%
29%

BOC: Boceprevir; RGT: Response-guided therapy; P: Pegylated interferonalfa; R: Ribavirin; T: Telaprevir; eRVR: Extended rapid virological response; LI: Lead-in; SVR: Sustained virological response.

for the first 12 wk (PR arm). PEG-IFN-2a was administered subcutaneously at a standard weekly dose of
180 µg, RBV orally at a total daily dose of 1000-1200
mg according to body weight and telaprevir orally with
food at a dose of 750 mg every 8 h. In both telaprevir
arms, treatment was stopped at 24 wk in patients who
achieved an eRVR defined as undetectable HCV RNA
at weeks 4 and 12, and continued up to 48 wk in patients who did not achieve such an eRVR.
Significantly more patients in the telaprevir arms
achieved an SVR compared with controls (75% and
69% vs 44%, P < 0.001), while patients of the T12PR
arm showed a trend for a higher SVR rate compared
with patients of the T8PR arm, but this did not reach
statistical significance (T12PR: 75% vs T8PR: 69%, P =
0.088). The rates of eRVR were 57% and 58% in the
T12PR and T8PR arms, respectively, compared with
8% in the control arm. Among those patients with an
eRVR who received only 24 wk of therapy, an SVR was
achieved in 89% and 83% of cases in the T12PR and
T8PR arms, respectively. Among patients who did not
achieve an eRVR and continued therapy up to 48 wk,
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Efficacy data from phase Ⅲ clinical trials with
boceprevir- or telaprevir-based regimens in treatmentexperienced patients with genotype 1
RESPOND-2 was a randomized, placebo-controlled
trial designed to evaluate the efficacy and safety of boceprevir-based regimens compared with previous SOC
for the retreatment of treatment-experienced genotype 1
patients. In total, 403 patients (259 relapsers: HCV RNA
undetectable at the end but detectable at 6 mo after the
end of previous therapy; 144 partial responders: HCV
RNA decline > 2 log10 IU/mL at 12 wk but detectable
during previous therapy) were randomly assigned to one
of three treatment arms (1:2:2) similar to those used in
the SPRINT-2 trial (control, boceprevir RGT and boceprevir fixed 48-wk arm)[23]. The only difference was
in the RGT arm, which included the initial 4-wk lead-in
phase with only PEG-IFN-2b and RBV followed by boceprevir plus PEG-IFN-2b/RBV for 32 wk (week 4 to
36) with or without the addition of 12 wk of PEG-IFN-
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2b/RBV in patients with or without detectable HCV
RNA at 8 wk of therapy.
SVR rates were higher in the two boceprevir arms
(RGT: 59%; fixed: 66%) than in the control arm (21%,
P < 0.001) (Table 2). SVR rates were also higher in the
boceprevir arms in both relapsers (RGT: 69%, fixed:
75%, control: 29%) and partial responders (RGT: 40%,
fixed: 52%, control: 7%), Among patients with undetectable HCV RNA at week 8, SVR was 86% after 36 wk of
therapy in the boceprevir RGT arm and 88% after 48
wk of therapy in the boceprevir fixed arm. The overall
SVR rates were found to be lower in the boceprevir
RGT than the fixed arm in patients with advanced fibrosis (metavir F3-F4) (44% vs 68%) or mostly in patients
with cirrhosis (35% vs 77%), but similar between these
two arms in patients with milder fibrosis. The negative
effect of cirrhosis on SVR was observed in both prior
relapsers and prior partial responders. The probability
of an SVR was also significantly higher in patients with
than without a > 1 log 10 IU/mL HCV RNA drop at
the end of the 4-wk lead-in phase (76% vs 33%). These
data showed that boceprevir-based regimens compared
with the PEG-IFN/RBV combination can improve the
SVR rates by 40%-46% in previous relapsers and by
33%-45% in previous partial responders with genotype
1. Moreover, it was shown that a boceprevir-based RGT
might be applied in treatment-experienced non-cirrhotic
patients who achieve early (at 8 wk) HCV RNA undetectability. It should be noted, however, that the probability of an SVR is not very high in patients without a >
1 log10 IU/mL HCV RNA drop at the end of the 4-wk
lead-in phase of a boceprevir-based regimen.
Since null responders (< 2 log10 IU/mL decline in
HCV RNA at 12 wk) were not included in the RESPOND-2 trial, a fixed 48-wk boceprevir-based regimen
(4-wk lead-in with PEG-IFN-2b/RBV followed by 44 wk
of triple combination with boceprevir plus PEG-IFN2b/RBV) was subsequently evaluated in a rollover, single
arm, prospective study[24]. Preliminary results reported an
SVR rate of 38% in 42 previous null responders.
REALIZE was a randomized, placebo-controlled
trial designed to evaluate the efficacy and safety of
telaprevir-based regimens compared with the previous
SOC in treatment-experienced genotype 1 patients as
well as to determine whether a 4-wk lead-in therapy with
only PEG-IFN/RBV can affect the probability of SVR
in telaprevir-based regimens[1]. In total, 663 patients (354
relapsers, 124 partial responders, 184 null responders)
were randomly assigned to one of three arms (1:2:2):
(1) telaprevir plus PEG-IFN-2a/RBV for the first 12
wk followed by PEG-IFN-2a/RBV for another 36 wk
(T12PR48 arm); (2) 4-wk lead-in phase with PEG-IFN2a/RBV and then telaprevir plus PEG-IFN-2a/RBV for
12 wk followed by PEG-IFN-2a/RBV for another 32
wk (lead-in T12PR48 arm); or (3) PEG-IFN-2a/RBV
for 48 wk (control PR48 arm).
SVR rates were similar in the two telaprevir arms
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(64% and 66%) and significantly higher compared with
the control arm (17%, P < 0.001). In particular, SVR
rates were higher in the telaprevir arms in prior relapsers
(83% and 88% vs 24%, P < 0.001), prior partial responders (59% and 54% vs 15%, P < 0.001) and prior null
responders (29% and 33% vs 5%, P < 0.001) (Table 2).
The presence of cirrhosis was found to negatively affect
the SVR rates in the telaprevir arms in prior partial responders (mild-moderate fibrosis: 72%, bridging fibrosis:
56%, cirrhosis: 34%) and mostly in prior null responders
(mild-moderate fibrosis: 41%, bridging fibrosis: 39% cirrhosis: 14%), but not in prior relapsers (mild-moderate
fibrosis: 86%, bridging fibrosis: 85% cirrhosis: 84%).
Among the patients of the lead-in telaprevir arm, the
probability of an SVR was significantly higher in patients
with than without a > 1 log10 IU/mL HCV RNA drop at
the end of the 4-wk lead-in phase (82% vs 33%), but this
effect was more clinically relevant in prior null responders (54% vs 15%) than in prior partial responders (59% vs
56%) or in prior relapsers (94% vs 62%). Thus, according
to these data, telaprevir-based regimens compared with
PEG-IFN/RBV improve the SVR rates by 59%-64% in
prior relapsers, by 39%-45% in prior partial responders
and by 24%-28% in prior null responders, while a 4-wk
lead-in phase with only PEG-IFN/RBV does not offer
any advantage to telaprevir-based regimens.
Safety issues with boceprevir- or telaprevir-based
regimens
The most common and clinically important adverse
event in the boceprevir trials was anemia, which developed in approximately 50% of patients treated with
boseprevir-based regimens, compared with 30% of patients treated with only PEG-IFN/RBV[20,23]. Erythropoietin was administered by the investigators in 41%-46%
of boceprevir-treated patients and in 21%-24% of the
controls, while discontinuation due to anemia was necessary in 2% of patients in the boceprevir arms and in
1% of patients in the control arms. It should be noted
that the SVR rates in the boceprevir arms were similar in
patients with or without anemia, with or without erythropoietin use and with or without RBV dose reduction.
Dysgeusia was another clinically important adverse event
that was reported more frequently in the boceprevir than
in the control arms (37%-43% vs 18%)[20,23].
The most clinically important adverse events in the
telaprevir trials were pruritus, rash and anemia. In particular, pruritus was reported by 45%-50% of telaprevirtreated patients compared with 36% of controls, and
rash developed in 35%-56% and 19%-37% of cases,
respectively[21,22,25]. The rash during telaprevir therapy
was typically eczematous and mild-to-moderate in >
90% of patients, while it was severe (involving > 50%
of the body surface area) in 6%, leading to discontinuation of telaprevir in 5%-7% of patients (1% of controls) and of all drugs in 0.5%-1.4% of patients treated
with telaprevir-based regimens (0% in controls)[21,22,25].
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A. Treatment naive without cirrhosis

Stop treatment at wk 28 if RNA
is undetectable at wk 8 and 24
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B. Relapsers-Partial responders without cirrhosis
PR lead-in

HCV RNA at wk
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C. All cirrhotics or null responders
PR lead-in

HCV RNA at wk

0

4

Discontinue all drugs
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If HCV RNA ≥ 100 IU/mL

24

48

If detectable

Figure 1 Treatment algorithms of boceprevir-based regimens for genotype 1 chronic hepatitis C virus patients recommended by the European Medicines
Agency. All patients should start with a 4-wk lead-in phase with only pegylated interferon-alfa and ribavirin (PR). After 4 wk, boceprevir (BOC) is added. In treatmentnaïve patients without cirrhosis who achieve an extended rapid virological response [eRVR: undetectable hepatitis C virus (HCV) RNA (< 10 IU/mL) at 8 and 24
wk], the triple therapy should last 24 wk and treatment end at 28 wk. In non-cirrhotic treatment-naïve patients who do not achieve such an eRVR and in all previous
relapsers or partial responders without cirrhosis, the triple therapy should last 32 wk (until 36 wk of therapy) and should be followed by an additional 12 wk of PR. The
United States Food and Drug Administration (FDA) recommendations suggest that prior relapsers or partial responders without cirrhosis who achieve an eRVR under
BOC triple therapy can stop therapy at 36 wk without an additional 12-wk course of PR that is suggested by the European Medicines Agency. Finally, in all cirrhotics
(treatment-naïve and experienced) and null responders, the triple therapy should last 44 wk (up to 48 wk of treatment). All patients should be tested for HCV RNA levels at 12 and 24 wk of total therapy and treatment should be discontinued for inefficacy if HCV RNA levels are > 100 IU/mL at 12 wk or HCV RNA is still detectable at
24 wk of therapy.

for the treatment of genotype 1 patients in several countries around the world. However, the approved treatment
algorithms differ between the two drugs and according
to the type of patients (Figures 1 and 2). In addition,
there are some differences between the treatment algorithms of boceprevir-based regimens recommended by
the United States and European regulatory authorities
(Figure 1).
All patients who receive boceprevir should start with
a 4-wk lead-in phase with only PEG-IFN/RBV. PEGIFN-2b or PEG-IFN-2a may be used, while RBV should
be administered at a weight-based dosage. After 4 wk,
boceprevir is added, given with food at a dose of 800
mg (4 capsules of 200 mg each) every 8 h. In treatmentnaïve patients without cirrhosis who achieve an eRVR
[undetectable HCV RNA by a sensitive polymerase chain
reaction (PCR) assay (HCV RNA < 10 IU/mL) at 8 and
24 wk], the triple therapy should last 24 wk and treatment
finish at 28 wk. In non-cirrhotic treatment-naïve patients
who do not achieve an eRVR and in all previous relapsers or partial responders without cirrhosis, triple therapy
should last 32 wk (until 36 wk of therapy) and should
be followed by an additional 12 wk of PEG-IFN/RBV.
Finally, in all cirrhotics (treatment-naïve and experienced)

The mean time for the occurrence of rash was 22 d and
the majority of rashes occurred during the first 4 wk
of therapy. Anemia also developed more commonly in
telaprevir-treated patients than in controls (37%-39% vs
19%)[21,22,25]. Anemia was managed with RBV dose reduction, which did not affect the SVR rate[21,22,25].
Another problem that may arise with the use of the
protease inhibitors is the interactions with concomitant
medications. Both boceprevir and telaprevir use hepatic
drug metabolizing enzymes such as cytochrome P450
2C (CYP2C), CYP3A4, or CYP1A[15]. Therefore, caution
is definitely required for the use of these agents in patients taking other dugs metabolized by the same pathways, such as statins, calcineurin inhibitors, antiretroviral
agents, methadone, etc.[15]. Updated information on the
possible drug-drug interactions with boceprevir and
telaprevir can be found at the Food and Drug Administration (FDA) website (www.accessdata.fda.gov/scripts/
cder/drugsatfda/index.cfm) or other relevant sites (e.g.,
www.hep-druginteractions.org).
Use of boceprevir or telaprevir in current clinical
practice
Both boceprevir and telaprevir have now been approved
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A. Treatment naive or relapsers without cirrhosis

Stop treatment at wk 28 if RNA
undetectable at wk 4 and 12

TPV + PR

PR
PR if RNA detectable at wk 4 or 12

HCV RNA at wk

0

4

12

24

36

48

36

48

B. All cirrhotics or partial-null responders
TPV + PR

HCV RNA at wk

0

4

PR

12

If HCV RNA > 1000 IU/mL at wk 4 or 12,
discontinue all drugs

24

If detectable at wk 24 or 36, discontinue PR

Figure 2 Treatment algorithms of telaprevir-based regimens for genotype 1 chronic hepatitis C virus patients recommended by both the European Medicines Agency and the Food and Drug Administration. All patients should start directly with the triple combination of telaprevir (TPV) plus pegylated interferon-alfa
and ribavirin (PR). The triple combination should always last 12 wk. In treatment-naïve or previous relapser patients without cirrhosis who achieve an extended rapid
virological response (eRVR) [undetectable hepatitis C virus (HCV) RNA (< 10 IU/mL) at 4 and 12 wk], triple therapy is followed by 12 wk of PR. In contrast, in noncirrhotic treatment-naïve or relapser patients without an eRVR as well as in all cirrhotics or previous partial and null responders, triple therapy is followed by 36 wk of
PR. Treatment should be discontinued for inefficacy if HCV RNA levels are > 1000 IU/mL at 4 or 12 wk or if HCV RNA is detectable at 24 or 36 wk of therapy.

and null responders, triple therapy should last 44 wk (up
to 48 wk of treatment). All patients should be tested for
HCV RNA levels at 12 and 24 wk of total therapy and
treatment should be discontinued for inefficacy if HCV
RNA levels are > 100 IU/mL at 12 wk or HCV RNA is
still detectable at 24 wk of therapy.
All patients who receive telaprevir should start directly with the triple combination of telaprevir plus PEGIFN/RBV. Theoretically, PEG-IFN-2a or PEG-IFN2b
may be used, although PEG-IFN-2a has been used in all
telaprevir trials. RBV is administered at a weight-based
dosage, while telaprevir should be administered orally
with a fatty meal at a dose of 750 mg (2 capsules of 375
mg each) every 8 h. The triple combination should always last 12 wk. In treatment-naïve or previous relapser
patients without cirrhosis who achieve an eRVR [undetectable HCV RNA by a sensitive PCR assay (HCV RNA
< 10 IU/mL) at 4 and 12 wk], triple therapy is followed
by 12 wk of PEG-IFN and RBV. In contrast, in noncirrhotic treatment-naïve or relapser patients without an
eRVR as well as in all cirrhotics or previous partial and
null responders, triple therapy is followed by 36 wk of
PEG-IFN/RBV. Treatment should be discontinued for
inefficacy if HCV RNA levels are > 1000 IU/mL at 4 or
12 wk or if HCV RNA is detectable at 24 or 36 wk of
therapy.

RNA chain causing chain termination[26]. NIs are considered to have a high genetic barrier to resistance, although
single amino acid substitutions are able to confer drug
resistance in vitro. Nevertheless, because the active site of
NS5 is highly conserved and amino acid substitutions in
any position of the active site can result in loss of function, such resistant variants fit poorly, requiring weeks
or months to grow to detectable levels in the presence
of the drug. NIs have antiviral activity against all HCV
genotypes (pan-genotype activity) as the active site of
NS5B is well conserved across genotypes[27]. GS-7977
seems to be a promising representative of the NIs, as
it appears to be rather safe and effective, achieving very
high SVR rates (100%) in genotype 2 and 3 patients even
when the drug is given for 12 wk only in combination
with RBV[28].
NNIs bind to a distant site of the HCV polymerase
and cause a conformational change rendering the enzyme ineffective. In particular, NNIs bind to one of
4 allosteric sites at the surface of HCV polymerase
(“thumb” domain Ⅰ, “thumb” domain Ⅱ, “palm” domain Ⅰ, “palm” domain Ⅱ). NNIs have a more limited
spectrum of activity being specifically against genotype 1.
Because NNIs bind more distantly from the active site,
resistant variants can fit in the presence of the drug, and
therefore NNIs have a low barrier to resistance.

OTHER DIRECT-ACTING ANTIVIRALS

NS5A inhibitors
NS5A protein is a regulator of replication. NS5A inhibitors have high antiviral activity against different genotypes,
but they have a low genetic barrier to resistance. Daclatasvir, a representative of this group (Table 1), is under evaluation in several combinations with promising results [29].

NS5B polymerase inhibitors
There are 2 categories of NS5B polymerase inhibitors:
nucleos(t)ide inhibitors (NIs) and non-nucleoside inhibitors (NNIs) (Table 1). NIs mimic the naturally occurring
nucleotides and thus are incorporated into the nascent
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Cyclophilin A inhibitors
Cyclophilins are host proteins involved in protein folding. They play an important role in the HCV life cycle
as a regulator of replication. The cyclophilin inhibitor,
alisporivir (DEB-025) (Table 1), is a cyclosporine analogue without immunosuppressive properties that has
shown pan-genotype antiviral activity and has been used
either alone or in combination with PEG-IFN/RBV
with promising results[30-32]. Phase Ⅲ trials with alisporivir were ongoing, but very recently the development
of this drug was put on hold by the FDA due to safety
concerns (a few cases of pancreatitis, one of which was
fatal). SCY-635 (Scynexis) is another cyclophilin inhibitor under development.

several challenges with the use of the new triple combinations. There is a need for immediate results of HCV
RNA testing using sensitive quantitative assays, there are
new and more frequent adverse events and drug-drug interactions, and there will be increasing difficulties in compliance. In addition, the SVR rates are still poor in very
difficult to treat subgroups of genotype 1 patients, such
as null responders with cirrhosis, while there is no benefit
in patients who cannot tolerate PEG-IFN/RBV and in
patients infected with a non-1 HCV genotype. Many new
drugs and combinations are currently under evaluation
with encouraging results. Although it is yet early, preliminary data suggest that the treatment of chronic HCV
patients with well tolerated combinations of oral agents
without PEG-IFN is feasible and may lead to a universal
HCV cure over the next 5-10 years.

NEW COMBINATIONS
Numerous trials of many combinations of the above
drugs from different classes are currently ongoing. Much
effort and interest has been given to the development
of PEG-IFN-free regimens. Protease inhibitors have
been combined with NNIs (telaprevir plus VX-222[33],
BI201335 plus BI207127[34,35], GS-9256 plus tegobuvir[36]), NIs (danoprevir plus mericitabine)[37] or NS5A
inhibitors as double or triple combinations including RBV[28]. Double combinations of a NI with RBV
(GS-7977 and RBV) or with NS5 inhibitors are also
being evaluated. Promising examples of PEG-IFN-free
trials include the combination of the NI GS-7977 with
RBV which has been shown to achieve an SVR in 10
out of 10 genotype 2 or 3 treatment-naïve chronic HCV
patients treated for 12 wk[28,38] or the combination of
the NS5A inhibitor daclatasvir and the NS3 protease inhibitor asunaprevir, which has shown interesting results
in difficult to treat, genotype 1, prior null responders
treated for 24 wk. The latter combination showed that
an SVR can be achieved in 36% of 11 genotype 1 (mostly
1a) prior null responders from the United States[29] and
in ≥ 90% of 21 genotype 1b prior null responders coming from Japan[39]. Similarly, encouraging preliminary results have been reported by a 12-wk course of the NS3
protease inhibitor ABT-450 given with ritonavir boosting the combination of NNI ABT-072 and RBV, which
achieved an SVR in > 90% of treatment-naïve genotype
1, IL28B rs12979860 genotype CC, non-cirrhotic chronic HCV patients[40]. Thus, it is clear that an SVR can be
achieved with interferon-free regimens even in difficult
to treat chronic HCV patients.
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High densities of serotonin and peptide YY cells in the colon
of patients with lymphocytic colitis
Magdy El-Salhy, Doris Gundersen, Jan Gunnar Hatlebakk, Trygve Hausken
nostained by the avidin-biotin-complex method for serotonin, peptide YY (PYY), pancreatic polypeptide (PP)
enteroglucagon and somatostatin cells. The cell densities were quantified by computerised image analysis
using Olympus software.
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RESULTS: The colon of both the patient and the
control subjects were macroscopically normal. Histopathological examination of colon biopsies from controls revealed normal histology. All patients fulfilled
the diagnosis criteria required for of LC: an increase
in intraepithelial lymphocytes (> 20 lymphocytes/100
epithelial cells) and surface epithelial damage with
increased lamina propria plasma cells and absent or
minimal crypt architectural distribution. In the colon of
both patients and control subjects, serotonin-, PYY-,
PP-, enteroglucagon- and somatostatin-immunoreactive cells were primarily located in the upper part of
the crypts of Lieberkühn. These cells were basket- or
flask-shaped. There was no statistically significant difference between the right and left colon in controls
with regards to the densities of serotonin- and PYYimmunoreactive cells (P = 0.9 and 0.1, respectively).
Serotonin cell density in the right colon in controls was
28.9 ± 1.8 and in LC patients 41.6 ± 2.6 (P = 0.008).
In the left colon, the corresponding figures were 28.5
± 1.9 and 42.4 ± 2.9, respectively (P = 0.009). PYY
cell density in the right colon of the controls was 10.1
± 1 and of LC patients 41 ± 4 (P = 0.00006). In the
left colon, PYY cell density in controls was 6.6 ± 1.2
and in LC patients 53.3 ± 4.6 (P = 0.00007).

Abstract
AIM: To investigate colonic endocrine cells in lymphocytic colitis (LC) patients.
METHODS: Fifty-seven patients with LC were included. These patients were 41 females and 16 males,
with an average age of 49 years (range 19-84 years).
Twenty-seven subjects that underwent colonoscopy
with biopsies were used as controls. These subjects
underwent colonoscopy because of gastrointestinal
bleeding or health worries, where the source of bleeding was identified as haemorrhoids or angiodysplasia.
They were 19 females and 8 males with an average
age of 49 years (range 18-67 years). Biopsies from the
right and left colon were obtained from both patients
and controls during colonoscopy. Biopsies were fixed in
4% buffered paraformaldehyde, embedded in paraffin
and cut into 5 μm-thick sections. The sections immu-
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CONCLUSION: The change in serotonin cells could
be caused by an interaction between immune cells and
serotonin cells, and that of PYY density might be secondary.
© 2012 Baishideng. All rights reserved.
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Twenty-seven subjects that underwent colonoscopy with
biopsies were used as controls. Twenty of these subjects
underwent colonoscopy because of gastrointestinal
bleeding, where the source of bleeding was identified as
haemorrhoids (18), or angiodysplasia (2), and seven were
examined because of health worries caused by a relative
being diagnosed with colon carcinoma. They were 19 females and 8 males with an average age of 49 years (range
18-67 years). All these subjects had no other gastrointestinal complaints than those mentioned above.
The study was performed in accordance with the
Declaration of Helsinki and was approved by the local
Committee for Medical Research Ethics. All subjects
gave oral and written consent.
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Colonoscopy
Colonoscopies were performed for all patients and controls, and two biopsies were taken from the caecum,
from the ascending colon and from the right half of the
transverse colon. These biopsies were pooled together
and were labelled as right colon. In addition, two biopsies
were taken from the left half of the transverse colon,
from the descending colon and from the sigmoid colon.
These 6 biopsies were pooled together and labelled as left
colon.

INTRODUCTION
Lymphocytic colitis (LC), which was first described in
1989[1], belongs to a group of conditions known as microscopic colitides (MC). This disorder is characterised
mainly by chronic or intermittent watery diarrhoea [2],
which can be severe. Up to 25% of patients present with
more than 10 bowel movements per day in addition to
nocturnal diarrhoea[3]. Other symptoms such as cramping, abdominal pain and weight loss may occur[4]. The
aetiology of LC is not yet clear, although several hypotheses have been suggested, such as association to various
autoimmune conditions and drug induction[2]. LC has
an incidence of 3.1 to 9.8 and prevalence of 14.2 per
100 000 people[5-12].
Sequential treatment for LC is recommended, in
which a “therapeutic ladder” is followed. The suggested
drugs in this ladder are: loperamide, bismuth salicylate,
budesonide, cholestyramine 5-aminosalicylic acid preparations, prednisolone, azathioprine, 6-mercaptopurine
methotrexate or octreotide[2].
In a previous study, a high density of colonic chromogranin A immunoreactive cells were reported in patients with LC[13]. Chromogranin A is a general marker
for all endocrine cells[14-16], but it is not clear which types
of colonic endocrine cells are responsible for the increase in the density of chromogranin A cells in patients
with LC. Therefore, the current study was performed to
identify the endocrine cell types involved.

Histopathology and immunohistochemistry
Biopsies were fixed in 4% buffered paraformaldehyde
overnight, embedded in paraffin and cut into 5 μm-thick
sections. The sections were stained with haematoxylineosin and immunostained by the avidin-biotin-complex
(ABC) method using the Vectastain ABC-kit (Vector
laboratories) as described earlier in detail[17]. The primary
antibodies used were: monoclonal anti-human leucocytes
common antigen (Dako, CD 45, clone 2B11), monoclonal anti-human CD8 lymphocytes (Dako, CD 57, clone
2B01), monoclonal mouse anti-serotonin (Dako, code no.
M869), polyclonal anti-porcine peptide YY (PYY) (Eurodiagnostica, code B52-1), polyclonal rabbit anti-synthetic
human pancreatic polypeptide (PP) (Dako, code no.
A619), polyclonal rabbit anti-synthetic human somatostatin, and polyclonal rabbit anti-porcine glucagon (Eurodiagnostica, code B31). The antibodies were used at dilutions of 1:100, 1:200, 1:1500, 1:1500, 1:1000, 1:1600 and
1:200, respectively. The anti-PYY cross reacts with PYY
in all vertebrates including humans. It does not cross
react with PP or neuropetide Y in immunohistochemical system. Anti-glucagon is directed to N-Terminus of
glicentin (enteroglucagon) and does not cross react with
glucagon, vasoactive intestinal polypeptide or gastric
inhibitory polypeptide. The second layer biotinylated
mouse anti-immunoglobulin G (IgG) and rabbit anti-IgG
were obtained from Dako. Negative and positive controls
were the same as those described previously[17].

MATERIALS AND METHODS
Patients and controls
Fifty-seven patients with a diagnosis of lymphocytic
colitis during the period 2007-2010 were included in
this study. The patients were diagnosed in all 3 hospitals of Helse-Fonna region in Western Norway, namely
Stord, Haugesund and Odda. They were 41 females and
16 males, with an average age of 49 years (range 19-84
years). These patients did not show any clinical signs of
other autoimmune disorders. They did not had coeliac
disease tested either by serology or duodenal biopsies.
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Computerised image analysis
The number of immunoreactive cells and the area of the
epithelial cells were measured using Olympus software:
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Figure 1 Serotonin-immunoreactive cells in the colon of a control (A) and
of a patient with lymphocytic colitis (B).

Figure 2 Colonic peptide YY -immunoreactive cells in a control (A) and in
a patient with lymphocytic colitis (B).

Cell ^D. When using ×40 objectives, the frame (field)
on the monitor represents an area of 0.14 mm2 of the
tissue. Measurements were performed in 10 randomly
chosen fields for each individual and hormone. The X40
objective was used. The data from fields were tabulated,
and the number of cells/mm2 of the epithelium was
computed and statistically analysed. The immunostained
sections of IBS patients and controls were coded and
mixed, and measurements were made without the knowledge of sections identity.

cells were basket- or flask-shaped (Figures 1 and 2).
Computerised image analysis
PP-, enteroglucagon- and somatostatin-immunoreactive
cells were sparse in the biopsy material examined. This
made it difficult to perform a reliable quantification of
these cell types.
There was no statistically significant difference between the right and left colon in controls with regards
to the densities of serotonin- and PYY-immunoreactive
cells (P = 0.9 and 0.1, respectively).
Serotonin cell density in the right colon in controls
was 28.9 ± 1.8 (mean ± SE) and in LC patients 41.6 ± 2.6
(P = 0.008). In the left colon, the corresponding figures
were 28.5 ± 1.9 and 42.4 ± 2.9, respectively (P = 0.009)
(Figures 1 and 3). PYY cell density in the right colon of
the controls was 10.1 ± 1 and of LC patients 41 ± 4 (P
= 0.00006). In the left colon, PYY cell density in controls was 6.6 ± 1.2 and in LC patients 53.3 ± 4.6 (P =
0.00007) (Figures 2 and 4).

Statistical analysis
The non-parametric Mann-Whitney test was performed.
P < 0.05 was considered to be statistically significant.

RESULTS
Endoscopy, histopathology and immunohistochemistry
The colon of both the patient and the control subjects
were macroscopically normal. Histopathological examination of colon biopsies from controls revealed normal
histology. All patients fulfilled the diagnosis criteria
required for of LC: an increase in intraepithelial lymphocytes (> 20 lymphocytes/100 epithelial cells) and
surface epithelial damage with increased lamina propria
plasma cells and absent or minimal crypt architectural
distribution. In the colon of both patients and control
subjects, serotonin-, PYY-, PP-, enteroglucagon- and somatostatin-immunoreactive cells were primarily located
in the upper part of the crypts of Lieberkühn. These

WJG|www.wjgnet.com

DISCUSSION
MC is a common cause of diarrhoea and 10% to 30%
of older adults investigated for chronic diarrhoea have
MC[18]. LC seems to be associated with several autoimmune diseases[19,20]. Furthermore, the prevalence of coeliac disease is high in patients with LC[21]. The information available on the gut endocrine cells in coeliac disease
is restricted to the duodenum[22]. It is therefore difficult
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Figure 3 Serotonin cell density in the controls and patients with lymphocytic colitis in the right (A) and left colon (B). bP < 0.01 vs controls.

Figure 4 Peptide YY cell density in controls and patients with lymphocytic
colitis in the right (A) and left colon (B). bP < 0.001 vs controls.

to compare the outcome of the present study with findings in coeliac disease.
The current study showed that serotonin and PYY
cell densities were increased in both the right and left colon of patients with LC. Serotonin activates the submucosal sensory branch of the enteric nervous system, and
controls gastrointestinal motility and chloride secretion
via inter-neurons and motor neurons[23,24]. PYY stimulates
the absorption of water and electrolytes and is a major
regulator of the “ileal brake”[24]. There are several studies
showing that inflammation and immune cells affect the
neuroendocrine system of the gut[25]. Thus, serotonin secreted by enterochromaffin (EC) cells can be enhanced
or attenuated by secretory products of immune cells,
such as CD4+T[26]. Furthermore, serotonin modulates
the immune response[26]. The EC are in contact with
or very close to CD3+ and CD20+ lymphocytes, and
several serotonergic receptors have been characterised
in lymphocytes, monocytes, macrophages and dendritic
cells[27].
One may speculate that the high density of serotonin cells in LC patients is caused by the interaction
between the immune cells and serotonin cells in the
epithelium and submucosa of LC patients. The increase
in serotonin would cause accelerated colonic motility
and visceral hypersensitivity. Accelerated colonic motility
and visceral hypersensitivity can cause diarrhoea and abdominal pain, symptoms that occur in LC. It is probable

that the increase in PYY cell density is secondary to the
increase in serotonin cell density in order to compensate
for accelerated motility by activating the ileal brake and
by increasing the absorption of water. In support for
this assumption are the findings that large intestinal serotonin and PYY cells as well plasma levels are affected
in patients with ulcerative colitis and Crohn’s disease[28-32].
Similarly, these endocrine cells have been found to be affected in experimental animal model of colitis[33,34].
LC and post-infectious IBS (PI-IBS) show a striking
similarity. They have the same clinical presentation and
both can regress spontaneously[35,36]. Both LC and PIIBS show intra-epithelial and submucosal infiltration of
lymphocytes and mast cells, and exhibit a high density
of colonic serotonin and PYY cells[36-41]. This raises the
question as to whether LC and PI-IBS are actually the
same disorder. If this is proven to be true, it would have
an important clinical implication. Thus, PI-IBS can be
treated by the same “therapeutic ladder” which is proven
to be effective in LC.

WJG|www.wjgnet.com
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Microscopic colitis is a chronic condition with watery diarrhoea as the cardinal
symptom, but other symptoms such as cramping, abdominal pain and weight
loss may occur Radiologic and endoscopic findings in these patients are normal. However, histopathological examinations of the colon reveal abnormal histology, which is of two distinctive types: lymphocytic colitis (LC) and collagenous
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colitis. LC exhibits an increased number of colonic intra-epithelial lymphocytes (>
20/100 epithelial cells), increased inflammatory cells within the lamina propria
and preserved crypt architecture. LC and irritable bowel syndrome (IBS) have
similar symptoms and both are without radiologic or endoscopic abnormalities. Thus, LC can be mistakenly diagnosed as IBS. In a study on the colonic
chromogranin A cell density in IBS patients, nine patients out of 50 showed
extremely high colonic chromogranin A cell density. This high density was in
contrast to the low density of chromogranin cells in the rest of the IBS patients
studied. Re-examination of these nine patients revealed that they suffered from
LC. This unexpected finding was confirmed on a larger patient’s material. As
chromogranin A is a common marker for endocrine cells, the present investigation was performed to identify the colonic endocrine cell-types that are affected.

3
4

5

Research frontiers

6

The current study is a further investigation of the unexpected observation that
LC patients have high colonic chromogranin A cell density, which has been
shown to be an excellent biomarker for the diagnosis of LC. This unexpected
observation led to a novel approach toward LC, where the colonic hormones role
in the symptom development in patients and their role in the pathogenesis of the
disease come under focus. The current study showed that the endocrine celltypes that are affected in the colon of LC patients were peptide YY (PYY) and
serotonin cells. This underlines the importance of theses two hormones in LC.

7
8
9

Innovations and breakthroughs

The present findings underline the importance of the interaction between the
gut hormones and the local immune system in the gut (the endocrine/immune
axis) and its role in the pathogenesis and symptom development in disease.
Such interactions should be put under the spotlight in several gastrointestinal
diseases, especially those with known inflammation such as inflammatory bowel
disease and coeliac disease. The similarity in the endocrine changes between
LC and post-infectious irritable bowel syndrome (PI-IBS) has drawn attention
to other histopathological and clinical similarities such as: both LC and PI-IBS
show intra-epithelial and submucosal infiltration of lymphocytes and mast cells;
both have the same clinical presentation; and both can regress spontaneously.
This lead to the notion that LC and PI-IBS may be the same disorder.

10

11

12

Applications

Understanding the interaction between gut hormones and the local immune
system of the gut would result in better understanding of the pathogenesis of
gut inflammatory diseases and possibly open a new avenue for treatment. If LC
and PI-IBS are proven to be the same disorder, PI-IBS can be treated by the
same “therapeutic ladder” that has been proven to be effective in LC. PI-IBS
constitutes a large subset of IBS without any effective treatment.

13

14

Terminology

Chromogranin A: Chromogranin A is a 68-kDa protein comprising 439 aminoacid residues. Chromogranin is co-stored and co-released with monoamines and
peptide hormones of the adrenal medulla, pituitary gland, parathyroid, thyroid
C-cells, pancreatic islets, endocrine cells of the gastrointestinal tract and sympathetic nerves; PYY: PYY is localised in endocrine cells in the ileum and large
intestine; Serotonin: Serotonin is a monoamine that is localised in the enterochromaffin cells throughout the entire gastrointestinal tract. It also occurs also in
the enteric nervous system and acts as a hormone and a neurotransmitter.
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This is an excellent paper which shows new light on lymphocytic colitis. The
study was performed to identify the endocrine cell types in the colonic epithelium of LC by immunostaining using representative 5 antibodies against
serotonin, PYY, pancreatic polypeptide, somatostatin, and glucagon. The
results were that serotonin and PYY cell densities were increased in both the
right and left colon of patients with LC, when compared with controls. They
concluded that the high density of serotonin cells in LC patients were caused by
the interaction between immune cells and serotonin cells, which occurs in the
epithelium and submucosa of LC patients, and that the increase in PYY density
is secondary to the increase in serotonin cell density.
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ORIGINAL ARTICLE

Galactosylated chitosan/5-fluorouracil nanoparticles inhibit
mouse hepatic cancer growth and its side effects
Ming-Rong Cheng, Qing Li, Tao Wan, Bing He, Jiang Han, Hou-Xiang Chen, Feng-Xiao Yang, Wei Wang,
Hong-Zhi Xu, Tao Ye, Bing-Bing Zha
periment was performed in vitro . The orthotropic liver
cancer mouse models were established and divided
into control, GC, 5-FU and GC/5-FU groups. Mice in the
control and GC group received an intravenous injection
of 200 μL saline and GC, respectively. Mice in the 5-FU
and GC/5-FU groups received 200 μL (containing 0.371
mg 5-FU) 5-FU and GC/5-FU, respectively. The tumor
weight and survival time were observed. The cell cycle
and apoptosis in tumor tissues were monitored by flow
cytometry. The expression of p53, Bax, Bcl-2, caspase-3
and poly adenosine 50-diphosphate-ribose polymerase
1 (PARP-1) was detected by immunohistochemistry,
reverse transcription-polymerase chain reaction and
Western blot. The serum blood biochemical parameters
and cytotoxic activity of natural killer (NK) cell and cytotoxicity T lymphocyte (CTL) were measured.
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RESULTS: The GC/5-FU nanoparticle is a sustained
release system. The drug loading was 6.12% ± 1.36%,
the encapsulation efficiency was 81.82% ± 5.32%,
and the Zeta potential was 10.34 ± 1.43 mV. The tumor weight in the GC/5-FU group (0.4361 ± 0.1153 g
vs 1.5801 ± 0.2821 g, P < 0.001) and the 5-FU (0.7932
± 0.1283 g vs 1.5801 ± 0.2821 g, P < 0.001) was significantly lower than that in the control group; GC/5FU treatment can significantly lower the tumor weight
(0.4361 ± 0.1153 g vs 0.7932 ± 0.1283 g, P < 0.001),
and the longest median survival time was seen in the
GC/5-FU group, compared with the control (12 d vs
30 d, P < 0.001), GC (13 d vs 30 d, P < 0.001) and
5-FU groups (17 d vs 30 d, P < 0.001). Flow cytometry revealed that compared with the control, GC/5FU caused a higher rate of G0-G1 arrest (52.79% ±
13.42% vs 23.92% ± 9.09%, P = 0.014 ) and apoptosis (2.55% ± 1.10% vs 11.13% ± 11.73%, P < 0.001)
in hepatic cancer cells. Analysis of the apoptosis pathways showed that GC/5-FU upregulated the expression
of p53 at both the protein and the mRNA levels, which
in turn lowered the ratio of Bcl-2/Bax expression; this
led to the release of cytochrome C into the cytosol

Abstract
AIM: To observe the curative effect of galactosylated
chitosan (GC)/5-fluorouracil (5-FU) nanoparticles in
liver caner mice and its side effects.
METHODS: The GC/5-FU nanoparticle is a nanomaterial made by coupling GC and 5-FU. The release ex-
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pancreatic and breast cancers; 5-FU is very important
in the management of liver cancer. 5-FU belongs to
the cell cycle specific drugs and can be converted into
fluorouracil deoxynucleotide to bind with thymidine synthase, which leads to the disruption of RNA, DNA and
protein biosynthesis. However, because of the similarity
of the nucleic acid metabolism pathways between tumor
and normal tissues, 5-FU can also target normally proliferating tissues, leading to bone marrow suppression and
gastrointestinal reactions. Other disadvantages of 5-FU
include irregular absorption, a short half-life, and rapid
turnover, which require lengthy, high-dose intravenous
administration to maintain its effective in vivo concentration for a suitable period[8,9]; these disadvantages can
significantly restrict the clinical application of 5-FU.
The emergence of a novel, sustained-release formulation of 5-FU is of clinical significance because it has
fewer side effects compared to the regular 5-FU formulation[10-12]. Galactosylated chitosan (GC) is a galactose
ligand, with chitosan modifications on the molecular
structure[13-15]. Asialoglycoprotein receptor (ASGPR) is
a receptor found on the membrane of hepatocytes facing the sinusoids, with specificity for glycoproteins with
galactose or acetyl galactosamine at the end. Each hepatocyte contains approximately two million binding sites
for ASGPR[16]. The binding of the galactose ligand with
ASGPR induces liver-targeted gene transfer. Our lab
previously synthesized a GC nanoparticle as a gene carrier and showed that the GC nanoparticle can successfully transfer genes into the liver in vitro and in vivo. We
also confirmed that this nanoparticle material has a high
selectivity to the liver and a low cytotoxicity[17]. In the
present study, we synthesized GC/5-FU nanoparticles
by combining the GC material with 5-FU, and tested its
effect on liver cancer in vitro and in vivo. We found that
the GC/5-FU nanoparticles can specifically target the
liver and that the addition of GC increases the cytotoxicity of 5-FU and apoptosis mediated by the p53 pathway.
GC/5-FU nanoparticles can ameliorate the side effects
and immunosuppressive action of 5-FU.

from the mitochondria and the subsequent activation
of caspase-3. Upregulation of caspase-3 expression decreased the PARP-1 at both the mRNA and the protein
levels, which contributed to apoptosis. 5-FU increased
the levels of aspartate aminotransferase and alanine
aminotransferase, and decreased the numbers of
platelet, white blood cell and lymphocyte and cytotoxic
activities of CTL and NK cells, however, there were no
such side effects in the GC/5-FU group.
CONCLUSION: GC/5-FU nanoparticles can significantly inhibit the growth of liver cancer in mice via the p53
apoptosis pathway, and relieve the side effects and immunosuppression of 5-FU.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular cancer (HCC) is one the most prevalent
malignancies[1,2]. Liver transplantation remains the most
effective therapeutic option for HCC; however, due to
the lack of donors and the relatively high cost, a substantial number of patients die while waiting for a donor
liver[3,4]. The disadvantages of most anti-cancer drugs
that are currently available include low bioavailability,
poor selectivity because they can act on both tumor cells
and healthy cells, and immunosuppression that can cause
complications and even patient death[5]. However, targeted therapy for HCC may be useful because it is relatively less expensive compared with the current therapies
and it also produces fewer side effects[6,7]. 5-fluorouracil
(5-FU) is a pyrimidine anticancer drug. Since its development by Heidelberg in 1957, 5-FU has occupied an
important position in the cancer chemotherapy field.
Because 5-FU is highly effective against a broad spectrum of malignancies, it is widely used in chemotherapy
regimens against cancers such as hepatocellular, gastric,
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MATERIALS AND METHODS
Reagents
Chitosan (deacetylation degree > 85%) GC was synthesized and stored by our group. HCl was from Shanghai
Medpep, AR. LC-10A HPLC (Shimadzu, Japan), flow cytometry (FACS Calibunr, United States). The immunohistochemistry kit was from GBI, United States. Caspase-3
and poly ADP-ribose polymerase 1 (PARP-1) antibodies
were from Santa Cruz, CA, United States; Bax and Bcl-2
antibodies were from Temecula, CA, United States; and
p53 antibody was from Beverly, MA, United States.
Mice and cell lines
The mouse liver cancer cell lines (H22) were purchased
from the Cancer Institute of Fudan University, China. Female BALB/c mice, 7 wk of age and weighing 25 g, were
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obtained from the Department of Experimental Animals
of Fudan University, China. All mice were housed in specific pathogen-free level B animal facility and animal experiments were conducted following the guidelines of the
Animal Research Ethics Board of Fudan University.

A

Synthesis of GC/5-FU
The 5-FU/GC was mixed at a mass ratio of 10:1 in solution, using vortex oscillator (2500 r/min) for 30 s; the
final concentration of 5-FU was 1.857 g/L. The product
was kept at room temperature for 30 min to assess for
further particle formation. The final product was kept at
4 ℃. The drug loading and encapsulation efficiency were
calculated according to the following equations: drug
loading = the amount of 5-FU within nanoparticle/
nanoparticle mass × 100%; encapsulation efficiency =
the amount of 5-FU within nanoparticle/total amount
of 5-FU added × 100%.

Figure 1 Establishment of the hepatic cancer mouse model. A: Liver cancer; B: Normal mouse liver.

was established. At day 15, 10 mice were sacrificed and
the tumor growth was monitored. The remaining 15
mice in each group were kept for survival analysis.

In vitro release experiment
GC/5-FU nanoparticles (20 mg) were mixed with 30
mL of simulated body fluid (pH 7.4) in dialysis bags and
incubated at 37 ℃ using a shaker with a fixed speed of
60 r/min. Samples were taken at 0.5, 1, 2, 3, 4, 5, 6, 7,
8, 9 and 10 d after mixing. The optical density (A) was
measured at 265 nm by an automated microplate reader
(Bio-Rad Inc, California, United States). The amount of
5-FU released at different time points was calculated according to a standard absorbance curve. The concentration and cumulative release rate were calculated according to the standard curve equation. Each experiment was
performed in triplicate.

Cell cycle and apoptosis analysis by flow cytometry
The cell suspension was made of 1-2 mL tumor tissues
from each individual group. Cells were washed three
times by 0.1 mol/L phosphate buffered solution (PBS)
and fixed by 70% ethanol. Cells were then incubated
with 50 mg/L propidium iodide (Zhengzhou Sigma
Chemical, Zhengzhou, China), 1.0% Triton X-100 and
10 mg/L RNaseA for 30 min at 4 ℃ in dark. Cell cycle
distribution was analyzed by flow cytometry. Proliferation index (PI) = (S + G2/M)/(G0/G1 + S + G2/M).
Apoptosis was determined by staining cells with annexin
V-FITC (Pharmingen, San Diego, CA, United States)
and propidium iodide because annexin V can identify
the externalization of phosphatidylserine during the
progression of apoptosis and therefore can detect early
apoptotic cells. To quantify apoptosis, cells were washed
twice with cold PBS and resuspended in binding buffer
at 1 × 103 cells/L. A quantity of 100 μL of this suspension was transferred to a 5 mL culture tube with 5 mL
of annexin V-FITC and 10 mL of 20 mL/L propidium
iodide, and analyzed using the flow cytometry.

Animal model
The subcutaneous liver cancer mouse model was established using the mouse HCC cell line H22. After euthanasia and dissection, fresh fast-growing tumor tissues
were minced and made into a tumor cell suspension at a
density of 6 × 104/L. Recipient mice were anesthetized
by 20% urethane, followed by an injection of 50 μL of
tumor cell suspension into the left liver lobe capsule. Approximately two min after completion of the procedure,
when there was no leaking, the abdomen was sutured
and the orthotropic liver cancer mouse model was established successfully[18].

Immunohistochemistry
The 4 µm sections were deparaffinized by incubation at
65 ℃. Sections were soaked in 3% H2O2 for 10 min at
room temperature to deactivate endogenous peroxidases.
Antigen retrieval was performed using a microwave. The
primary antibody was incubated at 37 ℃ for 1 h in a humidified chamber; the secondary antibody was incubated
at 37 ℃ for 30 min. After washing, the sections were
developed using diaminobenzidine, and counter stained
with hematoxylin. After dehydration, the sections were
analyzed under a light microscope[19]. p53 staining was
mainly observed in the nucleus, which appeared brown
and granular with little background. Caspase-3 staining
was mainly present in cytoplasm, showing a brown granular staining pattern. PBS was used instead of primary
antibody for a negative control. The Image-pro plus 6.0

Curative effect of GC/5-FU in the orthotropic liver cancer
mouse model
Five days after the establishment of the orthotropic liver
cancer mouse model, the tumor reached a size of about
4-6 mm in diameter (Figure 1). The mouse models were
randomly assigned into 4 groups labeled as control, GC,
5-FU and GC/5-FU. Mice in the control group received
an intravenous injection of 200 μL saline. GC group
received 200 μL GC nano-material. 5-FU and GC/5FU groups received 200 μL (containing 0.371 mg 5-FU)
5-FU and GC/5-FU, respectively. The drugs were given
continuously for 5 d starting from day 5 after the tumor
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system was used to analyze five fields randomly chosen
from each slide. The images were amplified 200-fold,
converted into gray-scale so as to distinguish the positive
staining area from background. The positive-stained area
and the total area of the field were measured by the system and the area ratio was calculated using the following
equation: staining area/total area × 100%. The stained
area of each individual slide was determined by averaging the area ratio.

min each with PBS containing 0.05% Tween 20. Goatanti-mouse immunoglobulin G secondary antibody
(1:8000) was added to incubate with the membrane for 3
h at room temperature, followed by washing three times
using the same washing solution. The membrane was
then developed for 1 min using an enhanced chemiluminescence kit with equal volumes of A and B solution[21].
After imaging, Image J version 1.44 software (National
Institutes of Health) was used to analyze the average
density values.

Reverse transcription-polymerase chain reaction
Primers were purchased from Shanghai R and S Biotechnology Co., Ltd. The oligonucleotide primers used were:
Bcl-2: 5’-CGGGCTGGGGATGACTTCTCT-3’ (sense),
5’-GCATCCCAGCCTCCGTTATCC-3’ (antisense); Bax:
5’-AGACACCTGAGCTGACCTTGGAG-3’ (sense), 5’
-AGACACCTGAGCTGACCTTGGAG-3’ (antisense);
PARP-1: 5’-TCCCAAGGACTCCCTCCGCATGG-3’
(sense), 5’-CTTTGCCTGCCACGCCTCCAGCC-3’ (antisense); Caspase-3: 5’-TTGGAACAAATGGACCTG-3’
(sense), 5’-ACAAAGCGACTGGATGAA-3’ (antisense);
P53: 5’-GTGGCCTCTGTCATCTTCCG-3’ (sense), 5’
-CCGTCACCATCAGAGCAACG-3’ (antisense); glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as an internal control : 5’-ACCGCAAAGACTGTGGATGC-3’ (sense), 5’-TGAGCTTGACAAAGTGG
TCG-3’ (antisense). Tissue total RNA was extracted by
TRIZOL (Invitrogen, California, United States). Total
RNA (1 μL) was used to reverse transcribe into cDNA
using 0.5 μL AMV reverse transcriptase. Polymerase
chain reaction (PCR) was performed using 2.5 μL cDNA,
0.1 μL Ex Taq HS, 0.1 μL forward primer and 0.1 μL
reverse primer. The PCR reaction conditions were as follows: 94 ℃ for 2 min, 35 cycles of 94 ℃ for 40 s, 50 ℃
to 6 ℃ for 40 s and 72 ℃ for 1 min, followed by 72 ℃
for 5 min. PCR products were kept at -20 ℃[20]. GAPDH
was used as internal control. The PCR product (6 μL)
was resolved in 2% agarose gel for 30 min at 120 V, 100
mA, stained with ethidium bromide solution for 5 min,
imaged by a ultraviolet gel imaging system, and analyzed
by Quantity One software (Bio-Rad Inc, California, United States). The expression of target genes was presented
as the ratio of target to internal control GAPDH.

Analysis of blood biochemical parameters
The animals were sacriﬁced by day 10 after treatment.
Blood chemistry including the measurement of alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), blood urea nitrogen and creatinine was examined by a Fuji Drychem 3500 automated analyzer (Fuji
Medical System Co. Ltd., Tokyo), the blood routine such
as hemoglobin (Hbg), platelet (PLT), white blood cell
(WBC), lymphocyte and neutrophil was detected by a
Sysmex XS-800i automated analyzer (Sysmex Shanghai
Ltd, Shanghai, China) .
Cytotoxic assay for natural killer cell and cytotoxicity T
lymphocyte
Natural killer cell (NK) and cytotoxicity T lymphocyte
(CTL) cytotoxic activity was measured by the 3-(4,
5-dimethylthiazd-2-yl)-2,5-diphenyltentrazolium bromide (MTT) colorimetry assay (Sigma, United States)
as reported previously[17]. 1 × 104 YAC-1 as target cells
were seeded in a 96-well plastic plates. Spleen cells used
as effector cells were prepared from the mice and were
simultaneously seeded in a 96-well plate at a 50:1 ratio of
effector to target (E:T) in CTL assay. The effector cells
from spleen cells were incubated with H22 target cells
at a 50:1 ratio of E:T. All cytotoxic activity assays were
performed in triplicate.
The activities of CTL and NK were calculated using
the following formulas: CTL activity (%) = [1 - (AE + T
- AE)/AT] × 100%; NK activity (%) = [1 - (AE + T - AE)/
AT] × 100%, where AE indicates the mean A value of
effector cells, AT indicates the mean A value of target
cells, and AE + T indicates the mean A value of effector
cells + target cells.

Western blotting analysis
After the concentration was determined, the samples
were loaded onto the 12% sodium dodecyl sulfate polyacrylamide gel electropheresis (SDS-PAGE) gel and
resolved at 80 V followed by 120 V. Methanol-pretreated
polyvinylidene difluoride (PVDF) membrane was then
soaked in transfer buffer (pH 8.3, 25 mmol/L Tris-HCl,
192 mmol/L glycine, 20% methanol) for 10 min. Proteins on the SDS-PAGE gel were then transferred onto
the PVDF membrane under 100 volts (V) for 70 min.
The membrane was blocked by 5% FBS/PBS at 4 ℃
overnight. Primary antibodies were diluted at 1:2000 and
incubated with a membrane for 3 min at room temperature. The membrane was then washed three times for 10

WJG|www.wjgnet.com

Statistical analysis
All data was collected and expressed as mean ± SD.
Analysis of variance (ANOVA) was used to analyze data
within the same group, one-way ANOVA was used to
analyze data between groups, while the least significant
digit method was used for pairwise comparison between
groups. A value of α = 0.05 and P < 0.05 was considered
statistically significant.

RESULTS
Synthesis and characterization of GC/5-FU nanoparticles
5-FU/GC nanoparticles were successfully synthesized,
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100
90
80
70
60
50
40
30
20
10
0

GC/5-FU

60
50
40
30
20
10
0

0

5

10
15
20
25
30
35
Days after tumor implantation (d)

40

45

Figure 4 The curative effect of galactosylated chitosan/5-fluorouracil on
liver cancer in the orthotopic transplant model of hepatocellular carcinoma. A: Five days after the tumor was established, galactosylated chitosan/5fluorouracil (GC/5-FU), 5-FU, GC or phosphate buffered solution was given to
the mice. Tumor weight was measured at day 15; B: Treatment was given as
described previously and the survival was monitored. The median survival for
control, GC, 5-FU and GC/5-FU groups were 12, 13, 17 and 30 d, respectively.
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Figure 3 The in vitro release curve of nanoparticles in simulated body
fluid (37 ℃, pH 7.4, n = 3). A rapid release was observed from time 0 h to
12 h, with a cumulative release percentage of 32.4%; a smooth slow-release
occurred between day 1 and day 8, with a cumulative release percentage of
93.50%. During days 8 to 10, the release reached a plateau, with a cumulative
release percentage of 95.70% at day 10.

ably due to the diffusion of surface 5-FU into the solution; a smooth slow-release occurred between day 1 and
day 8, with a cumulative release percentage of 93.50%,
indicating that the GC/5-FU nanoparticles have a sustained release effect from days 1 to 8. From days 8 to 10,
the release reached a plateau, with a cumulative release
percentage of 95.70% at day 10.

and the radius of the nanoparticles was 35.19 ± 9.50
nm, which had a normal distribution (Figure 2A). Electron microscopy showed that the particles were in regular spherical shape, with a smooth surface, a uniform
size, and no adhesion between nanoparticles (Figure 2B).
The drug loading was 6.12% ± 1.36%, the encapsulation
efficiency was 81.82% ± 5.32%, and the Zeta potential
was 10.34 ± 1.43 mV. Figure 3 shows the in vitro release
curve of nanoparticles in simulated body fluid (37 ℃,
pH 7.4). A rapid release was observed from 0 h to 12 h,
with a cumulative release percentage of 32.4%, presum-

Effect of GC/5-FU on tumor mass and survival in the
mouse model
The tumor samples were harvested and weighted 15 d
after treatment (Figure 4A). The weight of the tumor was
0.4361 ± 0.1153 g in GC/5-FU group, 0.7932 ± 0.1283 g
in 5-FU group, 1.3989 ± 0.2125 g in GC group and 1.5801
± 0.2821 g in control group. The differences between the
groups was statistically significant (P < 0.01). The tumor
weight in the GC/5-FU and the 5-FU groups were significantly lower than in the GC group and control group
(P < 0.01) while tumor weight in the GC/5-FU group
was significantly lower than in the 5-FU group (P < 0.01);
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dency from control to GC to 5-FU to GC/5-FU groups
(P < 0.01, Figure 7C), with the most significant reduction seen in the GC/5-FU group. Therefore, it is likely
that GC/5-FU was involved in upregulating the genes in
the p53 pathway.

however, the tumor weight in the GC group and the control group was not different (P > 0.05). After the model
was developed, the mice were randomly assigned to four
groups with 15 mice each, and treated as described above.
The survival of the mice was monitored, and there was a
100% mortality in all groups. The Kaplan-Meier survival
curve (Figure 4B) showed that mice all the mice in the
control group died between day 6 and day 14, with a median survival time of 12 d. In the GC group, all mice died
between day 5 and day 16, the median survival time being
13 d. There was no statistical difference in the survival
time between the control and the GC groups (P > 0.05).
Mice treated with 5-FU also all died between day 13 and
day 24, with a median survival of 17 d. All mice in the
GC/5-FU group died between day 15 and day 37, with a
median survival time of 30 d. The median survival time
of mice treated with either 5-FU or GC/5-FU was significantly longer than that of mice in the GC or control
groups; the longest median survival time was seen in the
GC/5-FU group (P < 0.01 compared with the control,
GC and 5-FU groups).

Side effects of GC/5-FU
In order to understand the side effect of liver and kidney function and blood cells, we examined the blood of
the mouse model by day 10 after treatment. The levels
of AST and ALT in 5-FU group were obviously higher
than those in control group (P < 0.01), while those in
GC/5-FU group were lower compared with 5-FU group
(P < 0.01), there were no differences among control, GC
and GC/5-FU groups (P > 0.05). The numbers of PLT,
WBC and lymphocyte in 5-FU group were decreased
more obviously as compared with the control, GC and
GC/5-FU groups (P < 0.05 or < 0.01), however, there
were no differences among these three groups (P > 0.05).
The levels of blood urea nitrogen, creatinine, Hbg and
neutrophil were approximate in different groups (P >
0.05), as shown in Table 1.

Effect of GC/5-FU on cell cycle, proliferation and
apoptosis of H22 cells
Flow cytometry was used to analyze the liver cancer
samples harvested 15 d after beginning the treatment. As
shown in Figure 5A and B, the percentage of cells in the
G0-G1 phases was significantly higher in the GC/5-FUand 5-FU-treated tumors (P < 0.01), while the PI was
lower than that in the GC and control groups (P < 0.01),
suggesting that GC/5-FU and 5-FU had an overt antiproliferative effect and arrested the tumor cells in the
G0-G1 phases. The percentage of apoptotic cells in the
GC/5-FU and 5-FU groups was significantly increased
when compared with that in the control and GC groups
(P < 0.01). Also, the percentage of apoptotic cells of
GC/5-FU group was higher than that in the 5-FU group
(P < 0.01), suggesting that GC is able to enhance the
cellular influx of 5-FU, thereby improving the pro-apoptotic effect of 5-FU (Figure 5C).

Cytotoxic activities of CTL and NK in mice
We evaluated whether the GC/5-FU could affect the
activity of CTL and NK in vivo in mouse model. The
harvested splenocytes were washed with PBS. The activity of CTL and NK was detected by MTT colorimetry.
Figure 8 shows that the cytotoxic activities of CTL and
NK cells were significantly decreased in 5-FU group
compared with other three groups (P < 0.01), while the
crosscurrent was found in GC group compared with
5-FU group (P < 0.05). There were no differences between control and GC/5-FU groups. These results thus
demonstrate that the GC/5-FU nanoparticles could
ameliorate the decreased cytotoxic activities of CTL and
NK in 5-FU group.

DISCUSSION
The utilization of nanotechnology and nano-materials
in the phar maceutical field gave rise to the drugnanoparticle carrier-release system, which is a drug delivery system using nanoparticles as the drug carriers. A
particle ranging from 0.1 nm to 100 nm is considered to
be a nanoparticle[22]. The size of a nanoparticle is very
important for drug delivery, as the spaces between the
cells in various tissues are different: it is now known that
the aperture of vascular endothelial within most normal
tissues is 2 nm, the aperture of the postcapillary venule
is 6 nm, while that of non-continuous tumor blood vessels ranges from 100 nm to 780 nm[23,24]. The size of the
nanoparticles used in this study was approximately 35.19
nm (Figure 2A), which is smaller than most nanoparticles reported[25], allowing them to enter the space within
tumor cells but restricting them from penetrating the
normal tissues. Scanning electron microscopy revealed a
spherical structure with a smooth surface and no adhe-

GC/5-FU induced hepatic cancer cell apoptosis via
activating the p53 pathway
To understand which pathway(s) mediated the GC/5FU-induced apoptosis, we examined the expression of
p53 at both protein and mRNA levels. Compared with
the control and GC groups, the expression of p53 was
increased in the 5-FU and GC/5-FU groups, with the
highest increase seen in the GC/5-FU group (P < 0.01,
Figures 6, 7A and B). The ratio of Bcl-2/Bax showed
a decreasing tendency from control to GC to 5-FU to
GC/5-FU groups (P < 0.01, Figure 7D); specifically, the
ratio in 5-FU and GC/5-FU was significantly lower than
that in the control and GC groups, with a lowest ratio
observed in the GC/5-FU group (P < 0.01). GC/5-FU
can also significantly induce the expression of caspase-3
in the tumor tissues (P < 0.01, Figures 6, 7A and B). The
expression of PARP-1 also displayed a decreasing ten-
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Figure 5 The effects of different treatments on cell cycle, proliferation index and apoptosis index. A: Flow cytometry analysis of cell cycle distribution of mouse
liver cancer cell line (H22) cells; B: Quantification of cell cycle distribution and proliferation index of H22 cells. Percentage of cells in G0-G1 in the galactosylated
chitosan/5-fluorouracil (GC/5-FU) and 5-FU groups was higher than that in control and GC groups, while the proliferation index (PI) decreased significantly (P < 0.01); C:
Quantification of apoptosis of H22 in different treatment groups. aP < 0.05, bP < 0.01 vs control group; cP < 0.05 vs 5-FU group.

sion between nanoparticles (Figure 2B), which is consistent with previous reports[25,26]. In order to confirm the
sustained release effect, we performed an experiment
on GC/5-FU. The in vitro release curve of GC/5-FU in
simulated body fluid showed that the sustained release
of the nanoparticle lasted 1-8 d. Such sustained release
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effect makes the drug evenly distribute in the body,
thereby increasing the half-life of GC/5-FU in the circulation system and decreasing the toxic effects of 5-FU
on normal tissues[27].
In order to evaluate the curative efficiency of intravenously injected GC/5-FU in a liver cancer mouse model,
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Figure 6 Immunohistochemistry of p53 and caspase-3 in the tumor sections from mice with different treatments. A: p53 staining in the control and galactosylated chitosan (GC) groups showed a scattered nuclear distribution pattern, in dark yellow or dark brown; while in 5-fluorouracil (5-FU) and GC/5-FU groups, p53
showed a sheet staining pattern, which was more dramatic; B: Caspase-3 staining in the control and GC groups showed a scattered cytoplasmic distribution pattern,
in dark yellow or dark brown; while in 5-FU and GC/5-FU groups, caspase-3 showed a sheet staining pattern, which was more dramatic in the GC/5-FU group.
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Figure 7 Expression of p53, caspase-3, Bax, Bcl-2 and poly adenosine 50-diphosphate-ribose polymerase 1 in the tumor tissues from mice with different
treatments. A: Quantification of p53 and caspase-3 expression as detected by immunohistochemistry and shown pictorially in Figures 6 and 7; B: mRNA levels of
p53 and caspase-3 in individual tissues was measured by reverse transcription-polymerase chain reaction (RT-PCR), and normalized to glyceraldehyde-3-phosphate
dehydrogenase (GAPDH); C: Poly adenosine 50-diphosphate-ribose polymerase 1 (PARP-1) expression in individual tumor samples was determined by both RT-PCR
and western blot analysis; results were normalized to GAPDH; D: Expression of Bcl-2 and Bax was quantified by both RT-PCR and Western blotting; the ratio of Bcl-2/
Bax was shown. aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs 5-fluorouracil (5-FU) group. GC: Galactosylated chitosan.

some of the mice were sacrificed and analyzed at day 15.
As shown in Figure 4A, the tumor weight in mice treated
with GC/5-FU and 5-FU was significantly less than that
in the mice treated with GC or in the control; the weight
of GC/5-FU-treated tumors was even lower than the
5-FU-treated tumors, while the GC- or control-treated
tumors did not show any statistically significant difference. All mice died after treatment. In the control group,
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mice died between day 6 and day 14, with a median survival of 12 d; in the GC group, mice died between day 5
and day 16, with a median survival of 13 d, showing no
difference from the control group (Figure 4B, P > 0.05).
Mice in the 5-FU group succumbed to a tumor-associated death between day 13 and day 24, with a median
survival time of 17 d, while mice in the GC/5-FU group
died between day 15 and day 37, with a median survival
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Table 1 Serum levels of blood biochemical parameters in different groups by day 10
AST
(U/L)

ALT
(U/L)

BUN
(mmol/L)

Creatinine
(μmol/L)

Hbg
(g/L)

PLT
9
(×10 /L)

WBC
9
(×10 /L)

Lymphocyte
9
(×10 /L)

Neutrophil
9
(×10 /L)

92.79 ± 8.74
92.34 ± 7.65d
113.25 ± 7.65b
93.42 ± 8.32d
8.227
0.002

49.73 ± 4.83
49.89 ± 5.13d
81.48 ± 6.81b
48.97 ± 4.93d
33.222
0.000

23.74 ± 5.84
23.25 ± 6.54
23.64 ± 5.45
22.94 ± 5.26
0.020
1.012

0.23 ± 0.09
0.24 ± 0.08
0.25 ± 0.07
0.24 ± 0.05
0.058
0.941

117.32 ± 9.87
118.823 ± 10.85
109.41 ± 10.73
116.38 ± 8.53
0.868
0.482

69.43 ± 8.94
71.43 ± 6.54d
55.63 ± 7.43a
68.64 ± 7.38c
4.349
0.018

6.32 ± 1.24
6.53 ± 1.32d
3.83 ± 1.18b
6.21 ± 1.04d
5.498
0.008

3.86 ± 1.34
3.95 ± 1.35d
1.57 ± 1.20a
3.81 ± 1.17c
4.249
0.024

2.18 ± 0.73
2.17 ± 0.68
2.75 ± 0.87
2.17 ± 0.71
0.712
0.526

Groups
Control
GC
5-FU
GC/5-FU
F value
P value

Data were expressed as mean ± SD. n = 5 in each group. aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs 5-fluorouracil group. AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; BUN: Blood urea nitrogen; Hbg: Hemoglobin; PLT: Platelet; WBC: White blood cell; GC: Galactosylated
chitosan; 5-FU: 5-fluorouracil.

Cytotoxicity (%)

60
50

NK
CTL

To further study whether the apoptosis induced
by the GC/5-FU nanoparticles was mediated by the
p53 pathway, we used immunohistochemistry, reverse
transcription-PCR and Western blotting analysis to examine the expression of p53, Bax, Bcl-2, caspase-3 and
PARP-1. We found that the addition of GC/5-FU and
5-FU induced p53 expression at both the protein and the
RNA levels; the strongest induction of p53 was noted in
the GC/5-FU group, and a moderate to strong induction
seen in the 5-FU group (Figure 7A and B). The change
of Bcl-2/Bax ratio also showed a similar pattern. Administration of GC/5-FU and 5-FU decreased the Bcl-2/Bax
ratio, with the most dramatic reduction observed in the
GC/5-FU group (Figure 7D). It is now known that Bax,
belonging to the Bcl-2 family, is able to promote apoptosis. Although both Bax and Bcl-2 coexist in cells as
dimers, each suppresses the function of the other. Physiologically, both Bax and Bcl-2 are present in cells in the
same amounts, ensuring the normal growth of the cells.
If Bcl-2 is overexpressed, the heterodimer Bcl-2/Bax
is induced to suppress apoptosis, while if the level of
Bax increases, the formation of Bax/Bax homodimer
promotes apoptosis by antagonizing the anti-apoptotic
effect of Bcl-2[30]. Wild-type p53 induces Bax synthesis
to mediate apoptosis, while mutant p53 can inhibit apoptosis leading to uncontrolled proliferation[31]. We also
found that GC/5-FU was able to significantly enhance
the expression of caspase-3 (P < 0.01), which is known
to be an important promoter of apoptosis. Caspase-3 can
be activated by cytochrome c in the cytosol, which is released from mitochondria under the control of Bax and
Bcl-2. Therefore, the ratio of Bax and Bcl-2 determines
the activation of caspase-3[32,33]. Figure 7C shows a tendency toward a decrease in PARP-1 expression from the
control to the GC to the 5-FU to the GC/5-FU groups,
with a most significant reduction in the GC/5-FU group.
It has been reported that caspase-3 is a pivotal effecter
in apoptosis. Activation of PARP-1 after severe DNA
damages results in depletion of cellular energy. In order
to prevent the consumption of NAD+ and adenosine
triphosphate, activated caspase-3 cleaves and inactivates
PARP-1, leading to apoptosis[34]. Taking into consideration all the above results, GC improved the apoptotic
effect of 5-FU in hepatic cancer cells. The mechanism
underlying GC/5-FU nanoparticle-induced apoptosis was

d
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GC/5-FU

Groups

Figure 8 The activity of cytotoxicity T lymphocyte and natural killer cell
was detected by 3-(4, 5-dimethylthiazd-2-yl)-2,5-diphenyltentrazolium
bromide in the orthotopic transplant model of hepatocellular carcinoma.
The cytotoxic activities of cytotoxicity T lymphocyte (CTL) and natural killer (NK)
cells were significantly decreased in 5-fluorouracil (5-FU) group compared with
other three groups (P < 0.01), while, the crosscurrent was found in galactosylated chitosan (GC) group compared with 5-FU group (P < 0.05). aP < 0.05, bP <
0.01 vs control group; dP < 0.01 vs 5-FU group.

time of 30 d. The survival time of mice treated with
either 5-FU or GC/5-FU was significantly longer than
that of mice in the control and GC groups, with the
longest survival time seen in the GC/5-FU group. This
result suggested that although GC alone cannot affect
tumor growth, the conjugation of GC to 5-FU improved
the tumor suppressive effect of 5-FU. To determine the
mechanism of effect of GC/5-FU nanoparticles on the
hepatic cancer, we used flow cytometry to examine tumor cell apoptosis. The results revealed that both 5-FU
and GC/5-FU enhanced apoptosis when compared with
either control or GC, and compared with 5-FU alone,
GC/5-FU further increased the apoptosis index, suggesting that GC improves the pro-apoptotic effect of
5-FU by promoting its entry into the cells. In addition, as
shown in Figure 5A and B, compared with control and
GC treatment, 5-FU and GC/5-FU can increase the percentage of cells in the G0-G1 phases, but lower the PI,
suggesting 5-FU and GC/5-FU are cytotoxic to the proliferating cells by arresting them in the G0-G1 phases;
this is consistent with previously reported research[28,29].
Therefore, GC facilitates intracellular transport of 5-FU,
improving the effects of 5-FU on tumor cell apoptosis
and on inhibition of the cell cycle.
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the tumor weight and increase the survival time of mice when compared with
5-FU treatment alone. In addition, it was suggested that the abovementioned
effects of GC/5-FU was associated with G0-G1 arrest and apoptosis of tumor
cells mediated by p53 pathway. GC/5-FU nanoparticles can relieve the side effects and immune- suppressive action of 5-FU.

inducing the expression of p53 at the protein and mRNA
levels. The elevated p53 level can significantly lower the
Bcl-2/Bax ratio which in turn promotes the release of
cytochrome c from the mitochondria into the cytosol,
leading to the activation of caspase-3. Upregulation of
the caspase-3 gene and protein contributed to the reduction of PARP-1 at both the protein and mRNA levels,
thus triggering apoptosis. Therefore, GC/5-FU-induced
apoptosis is p53 dependent.
5-FU is a common chemotherapy drug, and its common side effects are the suppression of bone marrow[35],
dysfunction of liver and kidney and suppression of immune function[36-38], leading to a decreased efficacy and
survival time of the patients with cancer. In this experiment, 5-FU increased significantly the levels of AST
and ALT, decreased obviously the numbers of PLT,
WBC and lymphocyte in tumor-bearing mice compared
with the control group. The levels of ALT and AST, the
numbers of PLT, WBC and lymphocyte, remained stable
in GC/5-FU group compared with control group. It is
indicated that GC nanoparticles can improve the damage
of liver function caused by 5-FU and the suppression
state of bone marrow. We found that the cytotoxic activities of CTL and NK cells by 5-FU were significantly
inhibited, and the GC nanoparticles could relieve the
suppression state of NK and CTL cells by 5-FU, which
is consistent with our previously reported experiments
which verified that GC nanoparticles can stimulate the
cytotoxic activities of CTL and NK cells in tumor-bearing mice[17]. So the GC/5-FU nanoparticles can alleviate
the inhibition of 5-FU on the body’s immunity.
In conclusion, we demonstrated that GC is a good
carrier for nano-material, especially 5-FU. GC/5-FU
nanoparticles had a sustained release effect. GC/5-FU
nanoparticles can also significantly inhibit the tumor
growth in the orthotropic liver cancer mouse model, and
this in vivo effect was stronger than that of 5-FU alone.
The mechanism underlying GC/5-FU nanoparticles may
be the elevated G0-G1 arrest and apoptosis mediated by
the p53 pathway. GC/5-FU nanoparticles can ameliorate
the side effects and immunosuppressive action of 5-FU.

Terminology

The effects of GC/5-FU nanoparticle on liver cancer mouse model. GC is a
galactose ligand, with chitosan modifications on the molecular structure. Asialoglycoprotein receptor (ASGPR) is a receptor found on the membrane of hepatocytes facing the sinusoids, with specificity for glycoproteins with galactose or
acetyl galactosamine at the end. The galactose ligand with ASGPR in GC/5-FU
nanoparticle induces liver-targeted 5-FU transfer.

Peer review

The significance of this study is evident because the improvement of chemotherapy for liver cancer is an important subject in the clinical setting. In addition,
the animal experiments were generally performed appropriately.
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Small intestine contrast ultrasonography vs computed
tomography enteroclysis for assessing ileal Crohn's disease
Sara Onali, Emma Calabrese, Carmelina Petruzziello, Francesca Zorzi, Giuseppe Sica, Roberto Fiori, Marta Ascolani,
Elisabetta Lolli, Giovanna Condino, Giampiero Palmieri, Giovanni Simonetti, Francesco Pallone, Livia Biancone
ileum and coecum (or right colon) were prospectively
enrolled. All patients were under follow-up. The study
population included 6 males and 9 females, with a
median age of 44 years (range: 18-80 years). Inclusion criteria: (1) certain diagnosis of small bowel requiring elective ileo-colonic resection; (2) age between
18-80 years; (3) elective surgery in our Surgical Unit;
and (4) written informed consent. SICUS and CTE
were performed ≤ 3 mo before surgery, followed by
surgical pathology. The following small bowel lesions
were blindly reported by one sonologist, radiologist,
surgeon and histolopathologist: disease site, extent,
strictures, abscesses, fistulae, small bowel dilation.
Comparison between findings at SICUS, CTE, surgical
specimens and histological examination was made by
assessing the specificity, sensitivity and accuracy of
each technique, when using surgical findings as gold
standard.
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RESULTS: Among the 15 patients enrolled, CTE was
not feasible in 2 patients, due to urgent surgery in one
patients and to low compliance in the second patient,
refusing to perform CTE due to the discomfort related
to the naso-jejunal tube. The analysis for comparing CTE vs SICUS findings was therefore performed
in 13 out of the 15 CD patients enrolled. Differently
from CTE, SICUS was feasible in all the 15 patients
enrolled. No complications were observed when using SICUS or CTE. Surgical pathology findings in the
tested population included: small bowel stricture in 13
patients, small bowel dilation above ileal stricture in
10 patients, abdominal abscesses in 2 patients, enteric
fistulae in 5 patients, lymphnodes enlargement (> 1
cm) in 7 patients and mesenteric enlargement in 9
patients. In order to compare findings by using SICUS,
CTE, histology and surgery, characteristics of the small
bowel lesions observed in CD each patient were blindly
reported in the same form by one gastroenterologistsonologist, radiologist, surgeon and anatomopathologist. At surgery, lesions related to CD were detected

Abstract
AIM: To compare computed tomography enteroclysis (CTE) vs small intestine contrast ultrasonography
(SICUS) for assessing small bowel lesions in Crohn's
disease (CD), when using surgical pathology as gold
standard.
METHODS: From January 2007 to July 2008, 15 eligible patients undergoing elective resection of the distal
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tulas, abscesses and phlegmons not detected by barium
studies[7-9]. For these reasons, MRE and CTE currently
represent the standard techniques for assessing small
bowel lesions in CD[10]. The major limit of CTE is represented by the high radiation exposure for the patient[5-11].
However, CTE has a greater availability and is less timeconsuming than MRE[10]. Therefore, as CTE and MRE
show a comparable sensitivity for assessing small bowel
lesions in CD, their use is also related to the local feasibility and availability of an experienced radiologist[10].
Transabdominal ultrasonography also has been proposed for detecting small bowel lesions in patients with
suspected or known CD, showing a sensitivity and specificity of 67%-84% and 81%-95%, respectively[12-14]. The
use of oral contrast significantly increases the sensitivity
of ultrasonography for assessing small bowel lesions in
CD (by more than 95%)[10,15-19]. In particular, small intestine contrast ultrasonography (SICUS) performed by an
experienced sonographer may visualize both established
CD lesions (i.e., stenosis with possible pre-stenotic dilation) and minor changes of the small bowel[10,15-20]. In experienced hands, SICUS may detect lesions in suspected
small bowel diseases with a high (> 95%) sensitivity and
specificity, when compared with SBFT and enema[10,15-19].
The use of SICUS has also been proposed in the followup of CD patients after ileo-colonic resection, in order
to avoid radiation exposure or the more invasive ileocolonoscopy[19].
To our knowledge, only one retrospective study compared CTE and surgical pathology findings in patients
with small bowel CD[21]. A detailed information of the
small bowel lesions is mandatory before elective surgery
in CD[10]. Moreover, surgical indication in subgroup of
patients with small bowel CD may also be related to
characteristics of the lesions, including abscesses, marked
lumen narrowing and/or strictures with prestenotic dilation. On the basis of these observations, in a prospective
longitudinal study, we aimed to compare the sensitivity,
specificity and accuracy of SICUS vs CTE for assessing
the presence of small bowel lesions in patients with CD
undergoing elective ileo-colonic resection, when using
surgical pathology findings as a gold standard.

in the distal ileum in all 13 patients, also visualized by
both SICUS and CTE in all 13 patients. Ileal lesions >
10 cm length were detected at surgery in all the 13 CD
patients, confirmed by SICUS and CTE in the same 12
out of the 13 patients. When using surgical findings as
a gold standard, SICUS and CTE showed the exactly
same sensitivity, specificity and accuracy for detecting
the presence of small bowel fistulae (accuracy 77%
for both) and abscesses (accuracy 85% for both). In
the tested CD population, SICUS and CTE were also
quite comparable in terms of accuracy for detecting
the presence of small bowel strictures (92% vs 100%),
small bowel fistulae (77% for both) and small bowel
dilation (85% vs 82%).
CONCLUSION: In our study population, CTE and the
non-invasive and radiation-free SICUS showed a comparable high accuracy for assessing small bowel lesions
in CD.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION

MATERIALS AND METHODS

Accurate assessment of the lesions is mandatory for a
proper pre-operative evaluation in Crohn’s disease (CD).
Diagnostic imaging of the small bowel traditionally
included the small bowel follow through (SBFT) or
small bowel enteroclysis[1]. A comparable accuracy for
assessing small bowel lesions in CD has been shown in
referral centres[2]. More recently, magnetic resonance
enterography (MRE) and computed tomography enterography or enteroclysis (CTE) showed to accurately assess the presence, site and extent of small bowel lesions
in CD, including stenosis, bowel dilation above stenosis
and accurate measurement of the lumen diameter[3-6].
These techniques also provide detailed extraluminal
findings, including the bowel wall thickness (BWT), fis-

WJG|www.wjgnet.com

Patients
From January 2007 to July 2008, 18 eligible patients
undergoing elective resection of the distal ileum and coecum (or right colon) with ileo-colonic anastomosis were
enrolled. Among these 18 patients, there were 15 patients with ileal CD (8 males, median age 44 years, range:
19-73 years) and, as a control group, 3 patients (2 males,
mean age 69 years, range: 60-77 years), requiring ileal
resection due to small bowel duplication, carcinoid or
ischemic enteritis. All patients were under regular followup in our unit.
Inclusion criteria included: (1) Patients with a certain
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Figure 1 The figure shows images from the distal ileum from one patient with Crohn's disease of the distal and neo-terminal ileum undergoing ileo-colonic
resection, as assessed by small intestine contrast ultrasonography and computed tomography-enteroclysis. A: Small intestine contrast ultrasonography
(SICUS) showed a stenosis of the terminal ileum, with a thickened bowel wall, with lumen narrowing. The lumen diameter did not change after the ingestion of polyethylen glycole; B: Computed tomography-enteroclysis (CTE) showed findings comparable with SICUS, including a marked narrowing of the distal ileum, associated
with an increased bowel wall thickness; C: SICUS showed a stricture of the neo-terminal ileum presenting as a thickened bowel wall, with lumen narrowing associated
with pre-stenotic dilation; D: CTE showed findings comparable with SICUS, including a marked narrowing of the distal ileum, associated with an increased bowel wall
thickness, but no bowel dilation).

diagnosis of small bowel diseases including CD or other
non-inflammatory bowel disease (IBD) related conditions, requiring elective ileo-colonic resection; (2) age
between 18-80 years; (3) elective surgery in our Referral
Surgical Unit; and (4) written informed consent.

characteristics of the small bowel lesions were blindly
reported in the same form by one gastroenterologistsonologist (Calabrese E), radiologist (Fiori R), surgeon
(Simonetti G) and anatomopathologist (Palmieri G).
The following parameters detailing the characteristics
of the small bowel lesions were blindly reported by each
specialist: site of the lesions (ileum, ileum-colon, colon,
others), extent of the lesions (< 10 cm vs > 10 cm),
strictures (yes/no, number), fistulae (yes/no, number),
abscesses (yes/no, number), bowel dilation above strictures (yes/no), lymphnodes enlargement > 1 cm (yes/
no, number), mesenteric enlargement (yes/no) (Figure 1).

Exclusion criteria included: (1) Low compliance to
perform both SICUS and CTE, including the introduction of a naso-gastric tube; (2) patients requiring urgent
surgery; (3) obesity (body mass index > 30) not allowing
a proper assessment by SICUS; and (4) allergy to contrast agents. In patients with CD, the diagnosis was made
according to standard clinical, endoscopic and radiological criteria[10]. Clinical characteristics of each of the 16
patients studied are summarized in Table 1.

CTE
CTE was performed by one experienced radiologist
unaware of SICUS findings, from the Department of
Diagnostic Imaging from our university, as previously
described[22]. Colonic cleaning was performed the day before CTE by using polyethylen glycole (PEG) 4000 solution. A 20G needle was placed in the antecubital vein
and an 8-F naso-jejunal catheter with a Teflon-covered
guide wire was positioned under fluoroscopic guidance
(Guerbetm Guerbet GmbH D65838, Sulzbach/Ts) and
the distal tip was located in the distal duodenum. The
patient was then taken into CT room and contrast material (1500 mL of PEG) was administered manually with

Study protocol
From January 2007 to July 2008, all patients fulfilling
the inclusion criteria and requiring elective ileo-colonic
resection in our Unit due to small bowel CD were prospectively enrolled. In all patients, ileal lesions were
assessed by using both SICUS and CTE within 3 mo
before surgery, followed by surgical pathology findings
used as a gold standard. Histological assessment of the
surgical specimen was performed. In order to compare
findings by using SICUS, CTE, histology and surgery,
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masses; (7) lymphnodes enlargement (> 1 cm); and (8)
abscesses identified as roundish anechoic lesions, with
an irregular wall, often presenting internal echoes and
posterior echo enhancement.

Table 1 Clinical characteristics of the 16 patients considered
in the analysis
Disease

Sex

CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
Small bowel
duplication
Ischemic
enteritis
Small bowel
carcinoid

Age Surgical indication Lesions CD pattern
extent
(cm)
(yr)

M
F
F
M
F
F
F
M
F
M
M
M
M
M

39
19
49
38
73
33
57
31
49
41
45
30
30
60

Sub-obstructions
Abscess
Sub-obstructions
Abscess
Sub-obstructions
Sub-obstructions
Sub-obstructions
Abscess
Sub-obstructions
Sub-obstructions
Sub-obstructions
Sub-obstructions
Sub-obstructions
Sub-obstructions

30
20
30
21
40
25
30
15
35
20
15
40
35
20

Fibrostricturing
Fistulizing
Fibrostricturing
Fibrostricturing
Fibrostricturing
Fibrostricturing
Fibrostricturing
Fistulizing
Fibrostricturing
Fibrostricturing
Fibrostricturing
Fibrostricturing
Fibrostricturing
NA

M

69

Abdominal pain

10

NA

F

77

Diarrhoea, weight
loss

35

NA

Surgical assessment
At time of intestinal resection, one single GS filled up
the above reported form in order to assess the small
bowel lesions. Findings at surgery were considered as the
gold standard for assessing the small bowel lesions described by SICUS and CTE. The surgical specimen was
fixed in formalin for histological examination.
Histological assessment
The surgical specimen was examined by the one single
GP unaware of previous findings at SICUS, CTE and
surgery. At this purpose, routine hematoxylin and eosin
staining was performed and the GP filled up the same
form used by the sonographist, radiologist and surgeon.
Statistical analysis
All results were expressed as median and range. Comparison between findings at SICUS, CTE, surgical specimens and histological examination was made by assessing the specificity, sensitivity and accuracy of each technique, when using surgical findings as a gold standard.

CD: Crohn’s disease; M: Male; F: Female; NA: Not applicable (non-CD).

60-mL syringes, with a continuous injection rate of 150
mL/min followed by a flow rate of 200 mL/min until
the maximum tolerance of the patient. Before the examination, a smooth muscle relaxant (N butyl-scopolamine)
was administered. CTE was performed by a 64-slice
multidetector (LightSpeed VCT, General Electric Medical System, Milwaukee, WI, United States). After PEG
infusion, CT scan was performed before and after the
administration of i.v., iodinated contrast material. The
contrast-enhanced study was acquired 70 s after the administration of contrast material (Ultravist 370, Schering
AG, Berlin, Germany) with a “double-bolus” technique
(a first bolus of 60 cc at a flow rate of 1.5 mL/s and a
second bolus of 80 cc at a flow rate of 2.0 mL/s).

RESULTS
From January 2007 to July 2008, 15 CD patients undergoing elective ileo-colonic resection and fulfilling the
inclusion criteria were prospectively enrolled. Among
these 15 patients, 2 CD patients performed SICUS but
were not able to perform CTE, as one patient required
“urgent surgery”, and the second patient refused to perform CTE due to the discomfort related to the nasojejunal tube. Therefore, among the initial 15 patients eligible for the study, only 13 patients were studied by both
SICUS and CTE and were therefore considered for the
analysis. No side effects were reported after SICUS and
CTE procedures.
Among the 13 CD patients considered in the analysis, surgical pathology findings included: small bowel
stricture in 13, small bowel dilation above stricture in 10,
abdominal abscesses in 2, fistulae in 5 (associated with
abscess in 2), lymphnodes enlargement (> 1 cm) in 7
and mesenteric enlargement in 9 patients (Table 2).

SICUS
SICUS was performed as previously described[15,18,19]. In
particular, SICUS was performed after the ingestion of
375 mL (range: 250-500 mL) of oral contrast solution
consisting of PEG (Promefarm, Milano, Italy), by using
a convex transducer (frequency 3.5-5 MHz) and then
with a high frequency linear-array transducer (5-12 MHz)
(Hitachi, EUB 6500, Japan). All procedures were performed by the same expert EC (> 2000 examinations).
The following findings were considered compatible
with CD[16,18,19]: (1) increased BWT (> 3 mm); (2) “stiff
loop”, identified by the presence of small bowel loop,
with increased BWT not distended by contrast solution;
(3) small bowel dilation, defined as a lumen diameter >
2.5 cm; (4) bowel stricture defined as lumen diameter <
1 cm, measured at the level of maximally distended loop,
independently of the presence of pre-stenotic dilation;
(5) fistulae defined as hypoechoic tract with or without
hyperechoic content; (6) mesenteric enlargement and/or
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Small bowel assessment by CTE and SICUS vs findings
at surgery
Site of the lesions: At surgery, lesions were detected
in the distal ileum in all 13 patients, and also in the right
colon in 5. Both SICUS and CTE also visualized ileal lesions in all 13 patients, while concomitant lesions in the
right colon were detected in 3 out of the 5 patients by
both SICUS and CTE (including the same patients in 2
cases) (Table 2). Histological findings were comparable
to surgery in all CD patients.
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Table 2 Characteristics of the lesions in the 13 Crohn’s disease patients, as assessed by surgical pathology (considered
as a gold standard), small intestine contrast ultrasonography,
computed tomography-enterography and histology

Table 3 Sensitivity, specificity and accuracy of small intestine
contrast ultrasonography and computed tomography-enterography for detecting the presence of small bowel abscesses,
strictures, fistulae and bowel dilation in Crohn’s disease

Characteristics
CD site
Ileum
Ileum-colon
CD extent (cm)
< 10
≥ 10
Strictures
Yes
No
Dilation
Yes
No
Fistulae
Yes
No
Abscesses
Yes
No

Surgery

SICUS

CTE

Histology

Parameter

8/13
5/13

10/131
3/13

10/13
3/13

8/13
5/13

Strictures

0/13
13/13

12/13
1/13

12/13
1/13

9/13
4/13

13/13
0/13

12/13
1/13

13/13
0/13

13/13
0/13

10/13
0/13

10/13
0/13

11/13
2/13

5/13
8/13

5/13
8/13

6/13
7/13

4/13
9/13

6/13
7/13

3/13
11/13

5/13
8/13

3/13
10/13

4/13
9/13

SICUS
Sens.

Dilation
Fistulae
Abscesses

Accuracy

92
0
92
(TN 0; TP 12; FN 1; FP 0)
100
50
85
(TN2; TP 9; FN 0; FP2)
60
88
77
(TN 7; TP 3; FN 2; FP 1)
100
80
85
(TN 8; TP 3; FN 0; FP 2)

Sens.

Spec.

Accuracy

100
0
100
(TN 0; TP 13; FN 0; FP0)
78
0
82
(TN 0; TP 7; FN 2; FP 4)
60
88
77
(TN 7; TP 3; FN 2; FP 1)
67
100
85
(TN 9; TP 2; FN 1; FP 1)

SICUS: Small intestine contrast ultrasonography; CTE: Computed tomography-enterography; TN: True negative; TP: True positive; FN: False negative; FP: False positive; Sens.: Sensitivity; Spec.: Specificity.

tected at surgery and not by SICUS in 1 patient) by CTE
in 4/13 patients (fistulae detected only by CTE in 2;
detected only at surgery in 2); and by histology in 3/13
patients (fistulae detected by histology and not at surgery
in 2, and detected at surgery and not by histology in 1).
In 3 patients, SICUS and CTE concordantly reported
enteric fistulae not confirmed at surgery (detected histologically in 2). When comparing SICUS vs CTE, the
presence of fistulae was concordantly detected in 9/13
patients, while fistulae were detected only by SICUS in 1
CD patient.

1

Including the jejunum in 1 patient. CD: Crohn’s disease; SICUS: Small intestine contrast ultrasonography; CTE: Computed tomography-enterography.

Extent of the small bowel lesions: In CD group (Table
2), histology detected ileal lesions of > 10 cm length in
only 9 patients.
Small bowel strictures: Ileal strictures were detected at
surgery in all 13 CD patients. Comparable findings were
detected by using CTE and histology, while no strictures
were detected in one CD patient by using SICUS (Table 2).

Abscesses: Abdominal abscesses were detected at surgery in 3/13 CD patients (surgically drained in 1), by
using SICUS in 5, by CTE in 3 and by histology in 4 patients (Table 2). Findings different from surgery were reported by SICUS in 2 patients (abscess detected only by
SICUS in both), by CTE in 2 patients (abscess detected
only by CTE in 1, only at surgery in 1), and by histology
in 3 patients (abscess detected only by histology in 2 and
only at surgery in 1 patient performing surgical drainage). In one patient, abdominal abscess was detected
by both SICUS and CTE but not by surgical pathology
and histology. When comparing SICUS and CTE, the
presence of abscesses was concordantly detected in 11
out of the 13 patients, while in 2 patients SICUS only
reported the presence of an intestinal abscess (confirmed
at surgery in one of them).

Bowel dilation above strictures: Dilation above ileal
strictures was detected by both surgery and SICUS in
10/13 CD patients, by CTE in 11/13 patients and by
histology in 5/13 patients (Table 2). However, discrepant findings vs surgery were observed by using SICUS
in 4/13 CD (dilation not detected in 2; dilation detected
only by SICUS in 2), by using CTE in 5/13 CD (dilation
not detected in 2; dilation detected only by CTE in 3)
and by histology in 5/13 patients (dilation not detected
in 5, discrepant findings vs surgery but comparable with
SICUS in 2 and with CTE in 1) (Table 2). In the same
2 CD patients, both SICUS and CTE concordantly reported dilation above strictures not detected at surgery.
Findings at CTE and SICUS were comparable in only
8/13 patients, as dilation was detected only by SICUS in
2 (confirmed at surgery) and only by CTE in 3 CD patients (confirmed at surgery in 2).

Sensitivity and specificity of SICUS vs CTE
When using surgical findings as a gold standard, sensitivity, specificity and accuracy of SICUS and CTE for assessing the presence of stenosis, dilation above stenosis
and fistulae are reported in Table 3. As indicated, the
two techniques showed the same sensitivity, specificity
and accuracy for detecting the presence of small bowel
fistulae (accuracy 77% for both) and abscesses (accuracy
85% for both). SICUS and CTE were also quite comparable for detecting the presence of small bowel strictures, fistulae and abscesses. Nevertheless, there was a

Fistulae: The presence of enteric fistulae were detected
in 5 out of the 13 CD patients at surgery, in 6 patients
when using SICUS, in 4 patients by using CTE, while
histology reported the presence of fistulae in 6 CD patients (Table 2). Findings different from surgery were
detected by SICUS in 3/13 patients (fistulae detected
by SICUS and not at surgery in 2 patients; fistulae de-
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not significant trend for a higher sensitivity and accuracy
of CTE vs SICUS for assessing small bowel strictures
(accuracy 100% vs 92%; the observed 0% specificity related to the absence of true negative findings), while SICUS showed a not significantly higher accuracy vs CTE
for detecting small bowel dilation (85% vs 82%).

be of great interest. However, these cost may greatly
differ in different hospitals, thus limiting the usefulness
of this estimate. Nevertheless, among techniques tested
in the present study, it appears conceivable to consider
CTE more expensive than SICUS.
Limitations of the study include the limited number
of tested patients (n = 15), related to difficulties to perform 2 consecutive small bowel examinations in patients
with active CD undergoing surgical resection. Additional
limitation include the absence of a control group, as the
purpose of the study was to compare the accuracy of SICUS vs CTE for assessing small bowel lesions in patients
with a certain diagnosis of CD. Results from our limited
series suggest that SICUS and CTE are quite comparable techniques at this purpose. However, while the
accuracy of these two procedures for assessing the presence of strictures was quite comparable, SICUS showed
a slightly higher accuracy for detecting the presence of
dilation above strictures. In our series, CTE and SICUS
were absolutely comparable for assessing the presence
of fistulae and abscesses. SICUS is not feasible in obese
patients, due to inaccurate findings and may be less accurate than CTE for visualizing lesions in the deeper
layer of the abdominal cavity[12]. Nevertheless, it seems
relevant to note that CTE could not be performed in 2
out of the 17 enrolled CD patients (11.7%) already studied by SICUS. These 2 patients were therefore excluded
from the analysis, as CTE could not be performed due
to low compliance in one patient refusing the nasojejunal tube and to need of urgent surgery in the second
patient. These observations therefore support that CTE
may not be performed in a relatively high proportion of
patients undergoing ileo-colonic resection for CD.
Nevertheless, differently form SICUS, CTE is an
invasive procedure associated with a high radiation exposure for the patient[11]. This issue assumes particular
relevance when considering that small bowel assessment
before surgery for CD is most often required in young
patients already performing other diagnostic radiological procedures and treated with immunomodulatory
drugs[26-29]. These observations, together with findings
from our study therefore suggest that in referral IBD
centres with a feasible experienced ultrasonographer,
SICUS may represent the procedure of choice when
compared with CTE, for assessing small bowel lesions
in patients undergoing elective ileo-colonic resection for
CD.

DISCUSSION
Appropriate surgical treatment of CD involves an accurate knowledge of the characteristics of the lesions,
including the site, extent and possible presence of complications (strictures, dilation above strictures, fistulae,
abscesses). The development of a marked bowel dilation
above stricture or abscesses may represent indication for
surgery[10]. Colonoscopy represents the gold standard
technique for assessing colonic lesions, while small bowel
lesions were previously assessed by SBFT or small bowel
enteroclysis[1,2]. More recently, CTE or MRE represent
the gold standard techniques at this purpose[10]. These
techniques indeed provide not only an accurate assessment of the presence, site and extent of the lesions, but
they also allow the visualization of extraluminal findings related to the disease (i.e., increased BWT, fistulae,
abscesses, mesenteric enlargement)[3-9]. The preferential
use of CTE vs MRE is related to the feasibility and easy
access to these techniques in each IBD referral centre.
At this purpose, both appropriate radiologic instruments
and an experienced radiologist with specific competence
in the field are required[10]. MRE shows the advantage of
a radiation-free procedure.
SICUS also has also been recently suggested as a
non-invasive technique able to assess, in experienced
hands, the presence of small bowel lesions in CD, including the BWT, strictures, bowel dilation, fistulae and
abscesses[16,18,21]. Indication for surgery in CD may also
be related to the characteristics of the small bowel lesions (i.e., marked dilation above strictures, abscesses).
Whether CTE and SICUS provide a comparable definition of the small bowel lesions in CD is currently
unknown. On the basis of these observations, in the
present study we aimed to compare these 2 techniques
in terms of assessment of the small bowel lesions in
patients with CD undergoing elective ileo-colonic resection. The use of small bowel capsule endoscopy has also
been shown to accurately visualize small bowel lesions
in CD[23-25]. However, the use of small bowel capsule endoscopy (SBCE) is limited by the impact risk in patients
with intestinal stenosis[23-25]. In our study, according to
the inclusion criteria, all CD patients were undergoing
elective ileo-colonic resection. Therefore, all the enrolled
CD patients were by definition at high risk of SBCE
impact, related to severe lesions requiring surgical resection. For this reason, this useful technique able to visualize the entire small bowel was not feasible in the present
study aimed to compare findings using CTE vs SICUS.
A comparative estimate of the costs of the current techniques able to assess small bowel lesions, including not
only CTE and SICUS, but also MRE and SBCE, could
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Proper follow up of CD patients includes the assessment of the lesions in order
to choice appropriate treatment strategies and the presence of complications.
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SICUS vs CTE for assessing the presence of small bowel lesions in patients
with CD undergoing elective ileo-colonic resection, when using surgical pathology findings as a gold standard.
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aimed to assess the accuracy of SICUS vs CTE for assessing small bowel lesions in CD, when using surgical pathology as gold standard.
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Applications

This study provides the first evidence that SICUS and CTE show a comparable
high accuracy for assessing small bowel lesions in CD. These results suggest
that the radiation-free, non-invasive SICUS performed by an experienced sonographer may be used for assessing small bowel lesions in patients with CD.
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in all CD patients undergoing elective surgery. As SICUS and CTE showed a
comparable high accuracy for assessing small bowel lesions in CD, the noninvasive SICUS should be used at this purpose in referral centres provided of
an experienced and available sonologist.
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Quasispecies dynamics in main core epitopes of hepatitis B
virus by ultra-deep-pyrosequencing
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one patient (patient 4, genotype D) were selected for
analysis: one sample corresponded to a 36-mo treatment-free period from baseline and the other to the
time of viral breakthrough after 18 mo of lamivudine
treatment. The HBV region analyzed covered amino
acids 40 to 95 of the core gene, and included the two
main epitopic regions, Th50-69 and B74-84. UDPS was
carried out in the Genome Sequencer FLX system (454
Life Sciences, Roche). After computer filtering of UDPS
data based on a Poisson statistical model, 122 813 sequences were analyzed. The most conserved position
detected by UDPS was analyzed by site-directed mutagenesis and evaluated in cell culture.
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RESULTS: Positions with highest variability rates were
mainly located in the main core epitopes, confirming
their role as immune-stimulating regions. In addition,
the distribution of variability showed a relationship with
HBV genotype. Patient 1 (genotype A) presented the
lowest variability rates and patient 2 (genotype A) had
3 codons with variability higher than 1%. Patient 3 and
4 (both genotype D) presented 5 and 8 codons with
variability higher than 1%, respectively. The median
baseline frequencies showed that genotype A samples
had higher variability in epitopic positions than in the
other positions analyzed, approaching significance (P
= 0.07, sample 1 and P = 0.05, sample 2). In contrast,
there were no significant differences in variability between the epitopic and other positions in genotype D
cases. Interestingly, patient 1 presented a completely
mutated motif from amino acid 64 to 67 (E64LMT67),
which is commonly recognized by T helper cells. Additionally, the variability observed in all 4 patients was
particularly associated with the E64LMT67 motif. Codons
78 and 79 were highly conserved in all samples, in
keeping with their involvement in the interaction between the HBV virion capsid and the surface antigens
(HBsAg). Of note, codon 76 was even more conserved
than codons 78 and 79, suggesting a possible role in
HBsAg interactions or even in hepatitis B e antigen

Abstract
AIM: To investigate the variability of the main immunodominant motifs of hepatitis B virus (HBV) core gene
by ultra-deep-pyrosequencing (UDPS).
METHODS: Four samples (2 genotype A and 2 genotype D) from 4 treatment-naïve patients were assessed
for baseline variability. Two additional samples from
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natural course of HBV infection[7,9-14]. The largest number of core gene changes is associated with interferon
(IFN) therapy[10-12]. The effect of nucleoside/nucleotide
analogues on the core gene has been little investigated,
although some variability in a minor epitope (Th28-47)
was recently reported[11]. In another recent study, entecavir and adefovir were associated with an enhanced
immune response[15]. Selection of core gene amino acid
changes might result in evasion of HBV from the host
immune system, thereby lengthening the life of infected
hepatocytes. For this reason, core gene baseline variability in chronic hepatitis B patients might be crucial for
understanding the evolution of the viral quasispecies in
response to host immune pressure.
Next-generation sequencing technologies enable
deep assessment of gene variability and are especially
useful to study the dynamics of viral quasispecies[16-21].
Core gene variability can be studied with this technology,
specifically, the 454 FLX platform, which analyzes fragments of 250- to 400-bp length. Although this length
does not permit complete analysis of the gene, ultradeep analysis of the main immunodominant regions of
the core protein (Th50-69 and B74-84) is possible. The
aim of this study was to analyze the variability of these
main HBV core epitopes in chronic hepatitis B patients
by ultra-deep pyrosequencing (UDPS).

conformation. Sequential analysis of samples from patient 4 (genotype D) illustrated the dynamism of the
HBV quasispecies, with strong selection of one minor
baseline variant coinciding with a decrease in core
variability during the treatment-free and lamivudinetreated period. The drop in variability seemed to result
from a “steady state” situation of the HBV quasispecies
after selection of the variant with greatest fitness.
CONCLUSION: Host immune pressure seems to be
the main cause of HBV core evolution. UDPS analysis
is a useful technique for studying viral quasispecies.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Patients and samples
Four chronic hepatitis B patients with complete clinical documentation were selected for the study; baseline
characteristics are indicated in Table 1. All patients were
diagnosed with active HBV replication and treated with
lamivudine (LVD) 100 mg/d (Zeffix, Glaxo Welcome,
United Kingdom). After 18 to 24 mo, they all presented
mutations conferring resistance to treatment. Owing
to their similarities in LVD non-response, they were
selected for inclusion in the study. To evaluate baseline
variability, a sample taken at the time of the diagnosis
(antiviral treatment naïve) was selected for each patient.
HBV DNA was retested in all samples by TaqMan realtime polymerase chain reaction (PCR) (Roche) technology, and all presented values higher than 5 log10 IU/mL.
Two sequential samples from patient 4 were additionally selected for UDPS analysis. HBV-DNA had been
quantified using the branched-DNA (bDNA, limit of detection 5 logs IU/mL) technology available at that time,
but the samples selected were retested with TaqMan technology for this study. At the time of the diagnosis (baseline
sample), high HBV-DNA levels were detected by bDNA
(retesting with TaqMan, 7 log10 IU/mL). However, HBVDNA spontaneously dropped below the limit of detection of bDNA technology and the patient remained
untreated, according to the guidelines at that time. After
36 mo (treatment-free sample), bDNA significantly increased (> 8 logs10 IU/mL on TaqMan retesting) and
LVD was started. After an initial suboptimal response
(HBV DNA decrease to 4 logs), viral breakthrough (7

INTRODUCTION
Hepatitis B virus (HBV) infection is a global health problem. Around 350 million people are chronically affected
with this pathogen, which confers a higher risk of developing liver disease, liver cirrhosis, and hepatocellular carcinoma. The course of HBV infection is closely related
to the host immune response and genetic factors[1], and
disease progression is related to mutations in the HBV
core gene[2-4].
HBV core gene codes for two partially collinear proteins, the hepatitis B e antigen (HBeAg) and hepatitis
B core antigen (HBcAg). These proteins, together with
the surface antigen (HBsAg) are important targets for
antiviral immunity, but HBcAg seems to be the most
immunogenic[5]. Several epitopes have been identified
in the HBV core gene. Among them, two regions play
a particularly important immunodominant role: the sequence from amino acid 50 to 69, which immunostimulates CD4+ T-helper lymphocytes (Th50-69)[6] and the
sequence from amino acid 74 to 84, which stimulates B
lymphocytes (B74-84)[7,8].
During chronic HBV infection, a large number of
amino acid substitutions are seen in the core gene, mainly clustered in epitopic regions. These amino acid changes have been associated with viral persistence because
of their impact on the host immune response and the
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aligned according to the primer sequence (designed by
our group). Initial raw data filtering was performed as
previously reported[16-18,20-22].
After applying the Poisson-based statistical filter validated in a study from our group[21], the empirical distribution of mismatch errors determined by UDPS analysis
of an HBV DNA clone from the same region yielded an
average of 0.006%; however in 8 positions, errors were
higher than 0.02% but lower than 0.05%. Therefore, the
sensitivity of UDPS to detect mutations was primarily
limited by the highest mismatch error rate in the HBV
DNA clone of 0.05%, which is similar to the value recently obtained in UDPS amplicons including an internal
sequence as a control[20]. Thus, the measurements and
biological conclusions in this study are based only on
mutations present at a percentage above 0.05%.

Table 1 Baseline characteristics of the four patients included
in the study
Patient
1
2
3
4

Sex

Age
(yr)

Male
Male
Male
Female

46
39
31
55

HBeAg
HBV DNA
ALT
Genotype
status
(IU/mL) (log10 IU/mL)
167
95
392
117

7.4
7.8
8.3
7.5

A
A
D
D

-1
+
-

Age at the time of sample collection. 1Wild type in main precore mutation.
ALT: Alanine transaminase; HBeAg: Hepatitis B e antigen; HBV: Hepatitis
B virus.

logs10 HBV-DNA) was observed after 18 mo, and the
rtL180M and rtM204V HBV polymerase variants were
selected. Ultimately, adefovir was added to LVD.

Phenotyping, mutagenesis and cell culture
Cloning of a more than full-length HBV genome[20] in
pTriEx-mod vector was performed as described by Durantel et al[23]. The influence on HBV viral replication of
the most conserved position observed in UDPS analysis,
codon 76, was analyzed by site-directed mutagenesis
(Agilent Technologies, Stratagene, United States) according to the manufacturer’s instructions. The wild-type
clone had an L in codon 76, which was changed to V
or P to test the effect of maintaining or deeply altering
the physical-chemical properties of core codon 76. The
introduction of mutations was confirmed by direct sequencing, as previously described[20].
Huh7 human hepatoma cells were cultured in Dulbecco’s modified Eagle medium supplemented with 10%
calf serum. Transfection of plasmids was performed as
previously described[20] using Fugene-HD (Roche, Germany). The supernatant was used to quantify HBsAg (Architect, Abbot), HBeAg (Vitros, Johnson and Johnson),
and HBV DNA (CobasTaqman, Roche) production.
The results were statistically analyzed with the Student t
test. DNA was extracted from the supernatant (QiagenAMP DNA Mini Kit, Qiagen, Germany) following the
manufacturer’s instructions and used to evaluate HBVDNA production. As has been previously described[20], to
confirm that HBV-DNA detected after transfection was
the result of HBV replication and not due to contamination from the HBV genome in the pTriEx-mod vector of
the transfection experiments, the supernatant extractions
were used in 1/10, 1/102, 1/103, and 1/104 dilutions and
PCR amplification of HBV-DNA and pTriEx-mod was
performed.

Epitopic region amplification and UDPS amplicon
preparation
All the samples included in this study had HBV viral loads
higher than 6 logs IU/mL. HBV-DNA was extracted
from serum by QIAamp microspin columns (QIAamp
DNA Mini Kit, QIAGEN, Hilden, Germany), according
to the manufacturer’s instructions. To obtain optimal amplification of HBV DNA, the process was optimized with
two PCRs. To minimize the error rate of the PCR process
(false nucleotide substitutions), high fidelity polymerase
(Pfu Ultra-Ⅱ, Stratagene, La Jolla, United States) was
used. At the time the study was designed, the maximal amplicon length that could be analyzed by the FLX platform
was 250 nucleotides; PCR primers were selected for amplification of a specific 210-bp HBV fragment, which included main epitopic regions (Th50-69 and B74-84). The
first PCR primers were sense (position 1662-1681); 5’-C/
TATAAG AGGACTCTTGGACT-3’ and anti-sense primers (position 2912-2931); 5’-TGTTCCCAA/GGAATAA/
TGGTGA-3’. The nested primers included the recognition site for UDPS, in italics. The sequence of the sense
primer (position 1997-2016) was 5’-GCCTCCCTCGCGCCATCAGACCGCCTCAGCTCT C/ TTAT CG-3’,
and the anti-sense primer (position 2178-2206) was 5’
-GCCTTGC CAGCCCGCTCAGCCACA A/ GAGTTGCCTGAA/GCTT-3’. PCR products were isolated from
0.9% agarose gel and quantified using Quan-iT Picogreen
sDNA reagent (Invitrogen). Before the sequencing reaction, each amplicon was pooled to obtain a concentration
of 4 × 106 molecules of the HBV region. This working
solution was enriched with the capture beads needed for
sequencing. After optimal enrichment, clonal amplification in beads was performed in forward and reverse directions (emPCR kits Ⅱ and Ⅲ, 454 Life Sciences). UDPS
was carried out in the Genome Sequencer FLX system (454
Life Sciences). The HBV region analyzed covered amino
acids 40 to 95 of the core gene.

Statistical analysis
To obtain the percentage of amino acid variability in
each sample, the total number of amino acid substitutions was divided by the total number of amino acids
analyzed. This value gave the theoretical variability for
each position, and was used to estimate the expected
variability for the regions studied (the theoretical variability was multiplied by the length of the epitope: 20

Bioinformatics filter
A total of 122 813 sequences was obtained. Reads were
acquired with forward and reverse sequences and were
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tionships between the most variable codons (variability
≥ 1%) and their positions in the epitopic region or
other regions. The Wilcoxon signed-rank test was used
to compare the evolution of the codons in the sequential
analysis.

Table 2 Baseline variability of all the codons analyzed
Patient
Codon N sequences
Master AA
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

E
A134/S2
L
E
S
S1/P234
E
H
C
S
P
H
H
T
A
L
R
Q
A
I134/V2
L
C
W
G
D14/E23
V1/L234
T1/M234
N1/T234
L
A
T
W
V
G
N12/A3/V4
N
L
G134/Q2
D
P
A123/T4
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RESULTS
Baseline variability of main epitopic regions of HBV core
gene
The amplicon analyzed was limited to codons 40 to 95,
which include the main Th50-69 and B74-84 epitopes.
A total of 122 814 sequences corresponding to 4 baseline samples were analyzed, and 108 403 of them were
validated by bioinformatics and Poisson filtering. A total
of 61 499 sequences were from genotype A samples and
the remaining from genotype D. Variability was analyzed
attending to the percentage of changes in all codons of
the amplicon, and the results obtained for each position
are shown in Table 2.
In the two genotype A samples (patients 1 and 2),
differences between the master sequences were found
in ten codons (41, 45, 59, 64, 65, 66, 67, 77, 84 and 87,
Table 2), seven of which were located in Th50-69 or
B74-84. Of particular note, the master sequence of the
motif delimited by codons 64 to 67, commonly defined
by E64LMT67 and recognized by T-cells[13], differed in patient 1. The sequence found, D64VTN67, was completely
different from the consensus sequence of genotypes
A and D. The amino acid variability detected in patient
1 (average, 0.1%), which ranged from 0.69% to values
under the cut-off (< 0.05%), was the lowest in all 4 samples. In this patient, the main epitopic regions contained
67.7% of the changes, a percentage 1.2 times higher
than would be expected by the length of these regions,
and the changes were equally distributed between the
two epitopes. In contrast, patient 2 had higher variability
(average, 0.35%), particularly in codons 41 (7.54%), 59
(4.75%) and 63 (1.93%). Only 53.1% of these changes
were located in epitopic regions, a rate similar to the expected random percentage, but in the Th50-69 epitope
the substitutions were 1.3 times higher than would be
expected. Interestingly, two of the main substitutions
detected in patient 2, S41 (A, 7.51%) and V59 (I, 4.21%),
coincided with the master sequence of patient 1. The
third main variant position was G63 (V, 1.62%).
The two genotype D baseline samples (patients 3 and
4) had the same master sequence, except in codons 64,
74, 80 and 93, which were also the most highly variable
in patient 4. In patient 3, five codons with more than
1% variability were detected: A41 (1.58%), I59 (1.68%),
A74 (2.1%), E77 (1.94%) and S87 (1.93%) (3 of them
in epitopic regions). The average amino acid variability
was 0.26%, and 57.8% of changes were located in the
main epitopic regions. Overall, this percentage was not
higher than expected; however, changes in B74-84 were
1.6 times higher than the expected random percentage
(31.6% vs 19.7%). In patient 4, variability was higher

Italic numbers indicate the patient in whom the master amino acid (AA)
was detected.

for Th50-69, 11 for B 74-84, and 25 for the remaining
positions).
Fisher’s exact test was used to evaluate possible rela-
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Figure 1 Variability of all codons analyzed from the 3 sequentially studied samples, corresponding to patient 4. Percentages higher than 2% are indicated at
the top of the bars. 1: Master aminoacid different between treatment free and lamivudine samples.

than 1% in 8 codons - Q40 (36.27%), L55 (18.58%),
D64 (29.96%), V74 (13.72%), E77 (3.03%), T80 (8.08%),
T92 (18.93%) and V93 (18.89%) - 5 of which were in
epitopic regions. Linkage analysis showed that some of
the main variants seen in this patient (S at codon 41, V
at 59, N at 74, E at 77 and N at codon 87) were located
in the same viral strain (1.5% of quasispecies). This observation seems to indicate possible selection by the effect of immune pressure on the core gene. Surprisingly,
despite the high total amino acid variability detected in
patient 4 (2.69%), only 49.8% of changes affected positions located in main epitopic regions, a value lower than
was expected in both Th50-69 and B74-84.
Median baseline frequencies were compared between the epitopic and other positions. Only genotype A
samples showed high variability approaching significance
(P = 0.07, sample 1 and P = 0.05, sample 2) in epitopic
positions. Regarding the median baseline variability (Table
2), 6 of the highest values were located in positions
within the main epitopic regions (codons 55, 59, 64, 74,
77 and 80), and 4 positions outside the main epitopes
(codons 40, 41, 92 and 93) accumulated high percentages of changes. The variability in positions 40, 92 and
93 was due to changes in patient 4, whereas the variability of codon 41 (median 2.3% of changes) was due
to changes in patients 2 and 3. Interestingly, positions
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64 and 66, corresponding to the E64LMT67 motif of
Th50-69, showed significant variability in all 4 samples
(0.69%, 0.5%, 0.41% and 29.96% in position 64 and
0.12%, 0.21%, 0.11% and 0.11% in position 66).
Attending to the conserved positions, 12 codons showed
variability lower than the system error rate (< 0.05%):
positions 44, 52, 57, 68, 70, 75, 76, 78, 81, 85, 86 and
89. The most highly conserved was leucine in codon
76, with frequencies clearly below the system error rate
(0.003-0.02%) and a median baseline error of 0.013%
(Table 2). Based on this finding, codon 76 was analyzed by
site-directed mutagenesis analysis.
HBV quasispecies dynamics: The sequentially studied
patient
Patient 4 was selected for sequential analysis, and 3 samples were processed (Figure 1): a baseline sample (also
included in the Baseline Study), a sample following a treatment-free period of 36 mo, and a sample following 18
mo of LVD non-response. After application of the bioinformatic filter, 34 320 sequences from the treatmentfree sample and 43 257 sequences from the LVD sample
were obtained. The average amino acid variability of the
baseline sample was higher than that of the treatmentfree one (2.69% vs 0.34%, P = 0.001) and the average
amino acid variability of the treatment-free sample was
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Figure 2 Evolution of the most variable codons of the core region analyzed in the sequentially studied patient. The variable position and its corresponding
master amino acid are shown on the X-axis. The main mutated amino acids are indicated at the top of the bars.

quasispecies showed a tendency to decreased variability.
This was reflected by a drop in the percentage of accumulated variability from baseline (38.88%) to the treatment-free sample (1.85%) and coincided with the change
in the master sequence between the two samples, which
could indicate a possible alternative immune escape
mechanism. No significant differences were observed
between samples from the treatment-free and LVD periods, which showed similar composition and percentages
of mutated variant strains (Figure 3).

higher than that of the LVD treatment sample (0.34%
vs 0.18%, P = 0.001). The main variants detected by sequential analysis are represented in Figure 2. Of note, 6
of these 11 variable positions (codons 55, 57, 64, 74, 77,
80) were located in main core epitopic regions.
Linkage analysis was performed to determine whether
the most frequent amino acid substitutions were simultaneously present in the same viral sequence (Figure 3A).
At baseline, 50.15% of sequences in the positions studied were wild type, and 38.88% were mutated sequences
in the most variable positions (15 different mutated
variants, Figure 3A); 10.97% showed mutations in other
positions. The mutated sequences in highly variable positions detected at baseline were found to be decreased in
the treatment-free period (1.85%, Figure 3B) and after
LVD breakthrough (1.24%, Figure 3B).
Attending to these variable positions, the most common strain at baseline (7.5%) had only one mutated
codon (E40Q), followed by a strain (6.84%) with 5 mutated codons (E40Q, D64E, V74G, T92N and V93M)
and another strain (5.45%) with 3 mutated codons (E40Q,
L55I and D64E). Surprisingly, the baseline strain that
had been selected as master after the treatment-free period and maintained during LVD was a low-frequency
baseline mutant strain (1.31%) with the following substitutions: E40Q, L55I, D64E, T80G, T92H and V93M
(variant 12, Figure 3A).
The time period with an absence of therapy (between
baseline and treatment-free sampling) represented the
complete time of HBV infection, and the HBV core
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Evaluation of the conserved position, leucine 76, by
site-directed mutagenesis
As is described above, leucine (L) at codon 76 was the
most highly conserved position in all the samples analyzed (Table 2). Although there were other conserved
positions (Q57, T70, D78 and S81), codon 76 focused
our interest because it was a leucine (one amino acid
coded by 6 different codons), because of its location in
the core gene, and because it has never been described
as essential. L76 was even more conserved than D78
(0.05%) or P79 (0.09%), both of which are reported to
be involved in the core-HBsAg interaction[24]. Mutagenic
studies of L76 were performed to evaluate a possible essential role of this amino acid. The experiments included
a change to valine (V), whose hydrophobicity is similar
to that of L, and a change to proline (P), whose physicalchemical properties differ from those of L.
After transfection, HBsAg, HBeAg and HBV DNA
were quantified in cell culture supernatants. The presence
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Figure 3 Quasispecies composition of the hepatitis B virus core region in the 3 sequentially analyzed samples. A: Baseline variants (1-15) in percentages ≥
1%; B: Treatment-free variability; C: Lamivudine sample variability of the most frequent amino acid substitutions defined in Figure 2. Linkage analysis was also performed attending these most variable codons.

of P in position 76 significantly decreased production of
HBsAg, HBeAg and HBV-DNA in comparison with the
wild type (L76) (both, P < 0.001). However, when V was
in position 76, a reduction was observed in HBsAg levels
(P < 0.001), but not in HBV DNA. Surprisingly, the V
substitution resulted in a four-fold increase in HBeAg
production in comparison with L76 (P < 0.001).

nucleotide sequences. Because of this limitation, the
present work was focused on analysis of the main immunodominant core motifs, Th50-69 and B74-84[6,7].
The high economic cost and complex computing analysis of UDPS strongly restrict the number of samples
to be processed. For this reason, we were only able to
study six selected samples: four samples to evaluate the
baseline variability and two more samples to sequentially
analyze one patient.
To achieve the main aim of UDPS analysis, a parallel
analysis was needed to define the cut-off for analyzing
the UDPS data. In our previous report of UDPS analysis of the HBV quasispecies[20], inclusion of an internal
control sequence within the analyzed amplicon enabled
establishment of a cut-off percentage to define the limit
of viral variability, which was set at 0.03%. In the present study, a Poisson computational model recently validated by our group was applied by processing an HBVDNA clone[21]; the percentage established to differentiate
variability from UDPS error was set at 0.05%[21].
In the study of baseline HBV quasispecies, the most
variable codons (median baseline variability ≥ 1%) were
40, 41, 55, 59, 64, 74, 77, 80, 92 and 93, all of which
have been previously described in a study using clonal
methodology to analyze acute exacerbations in HBeAgnegative patients[25]. Furthermore, some of these highly
variable codons (codons 64, 74 and 77) were previously
described as common changes in untreated chronic hepatitis B[11]. Genotype A sequences showed fewer codons
with variability ≥ 1% and, consequently, lower over-

DISCUSSION
Several epitopic regions have been described in HBV
core gene. Core region variability under antiviral treatment has been extensively studied, particularly in relation to IFN therapy[10,12]. However, differing patterns of
amino acid substitutions under the effect of nucleotide/
nucleoside analogues and during periods without treatment have been recently described[11]. Some studies have
used the classical clonal method to analyze the evolution and composition of the entire HBV core gene[25-27].
However, in all these reports, only a small number of
clones were processed and minor populations could not
be studied. Thus, high-resolution clonal studies are needed to deeply analyze the composition of the HBV core
gene quasispecies. To this end, the recently developed
UDPS technology provides an opportunity to bypass the
restrictions of the classical clonal method to determine
the composition of viral quasispecies[16,17,19-21].
When this study was designed, UDPS technology
based on the 454 Life Science Platform (GS-FLX, Roche
Applied Science) only allowed analysis of around 200
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all median variability than genotype D. The statistical
analysis of the median baseline frequencies showed that
genotype A samples had higher variability in epitopic
positions, approaching significance (P = 0.07, sample 1
and P = 0.05, sample 2). In contrast, in genotype D cases, no significant differences in variability were observed
between the epitopic and other positions. These findings
could be related to the high frequencies of mutations in
codon 40, 87, 92 and 93 in genotype D samples (patients
3 and 4), which might be involved in the minor epitopic
regions Th28-47 and Th82-101[6,11]. These differences in
HBV core gene variability seem to indicate an influence
of genotype on immune activation.
Patient 1 showed the lowest variability, but interestingly, the codon 64 to 67 master sequence was defined
by the sequence D64VTN67, which is completely different
from the well-characterized E64LMT67 motif. This motif
is commonly recognized by T-cells, and the simultaneous
E64D and T67N change has been reported to reduce
T-cell proliferation in vitro[13]. Hence, we suggest that the
changes observed in patient 1 might be the result of an
alternative mechanism to escape from immune pressure,
over the E64LMT67 motif. In fact, the finding that positions 64 and 66 of this motif showed significant variability in all 4 samples suggests that the motif could be a
central target for immune pressure in HBV infection[11].
The low variability observed in sample 1 (0.1% of total
amino acid variability) could reflect attainment of a kind
of “steady state” in the viral quasispecies, resulting from
strong selection of an escape variant with the mutated
motif D64VTN67, similar to that seen in the longitudinal
study of patient 4.
Evolution of the HBV quasispecies was evaluated
in a single patient and involved a baseline sample and
two additional samples, one taken after a period without
treatment and one taken after LVD treatment. During
the treatment-free period, a decrease in quasispecies variability was observed, with a reduction in the number of
viral strains. This change may have been a consequence
of host immune pressure[25]. One of the baseline viral
strains present in a small percentage (variant 12, 1.31%,
Figure 3) was strongly selected and became the master in
the treatment-free and LVD samples, a fact suggesting
that this variant might be an escape mutant, whose selection could be related to better fitness, regardless of its
initial frequency.
Based on these results, we postulated that the HBV
quasispecies achieved a kind of “steady state” after the
treatment-free period that did not change with LVD
treatment, because immune pressure could also be decreased during treatment. The significant differences
in average variability in the two periods suggest that
the equilibrium is dynamic. The structure of the HBV
quasispecies in the three samples represents a complex
reservoir of different minor variants, resulting from
natural HBV evolution and likely affected by antiviral
treatment[28].
Several codons in our region were found to be highly
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conserved (positions 57, 70, 76, 78 and 81). Position 76,
located at the tip of the spike was of special interest, being next to the major immunodominant region and part
of the B74-84 main epitope. Indeed, this position has
never been described as essential, in contrast to the nearby positions 78 and 79[24]. The HBV core sequence is
involved in the process of capsid conformation by interacting with the surface antigens in viral particle assembly.
However, the interaction between HBsAg and HBcAg
in virions is still unclear[29-31]. The core region analyzed in
the present study is part of the assembly domain (amino
acids 1-149); thus, the changes in this region might potentially modify the shell conformation.
Electrostatic interactions between core and HBsAg
take place at the tip of the spike of the core antigen (codons 74-84)[32,33]. Cryo-electron microscopy studies have
shown that codon 78 and 79 are within the contact area
of core with envelope proteins[24]. This essential role
might explain the high level of conservation of these
positions (especially codon 78, 0.05%) observed in our
UDPS analysis. However, surprisingly, the most conserved codon of the HBV core region in baseline and
sequential samples was leucine at position 76.
To our knowledge, few studies[30,31] have analyzed the
effect of single core amino acid mutations on HBV replication in vitro. Only one such study conducted by Ponsel
et al[31] evaluated the leucine 76 position (among others)
by inducing a change to alanine; no significant reduction
in nucleocapsid or virion production was observed. In
the present study, we induced changes in the hydrophobic characteristics of position 76 and determined their
effect on HBsAg, HBeAg and HBV DNA production.
In contrast to the results of Ponsel et al[31], we found a
significant reduction in HBsAg production with both the
V and P changes, suggesting possible involvement of
L76 of HBcAg in the HBsAg interaction. A significant
decrease in HBV replication in the presence of P76 was
detected, leading us to speculate that the hydrophobic
characteristics of position 76, conferred by the presence
of L or V, are needed for HBV replication. The increase
in HBeAg production in the presence of the V mutation
and the absence of increasing HBV DNA were surprising, particularly because some authors have reported a
correlation between HBeAg and HBV DNA levels[34].
Nonetheless, this correlation was not found by other authors[35] and currently remains controversial. We suggest
that this unexpected HBeAg increase may indicate alternative pathways between HBeAg and HBV replication,
as has been indicated previously[36]. Based on our in vitro
results, it can be postulated that the amino acid changes
induced in the core sequence are not as important as the
structure adopted by the capsid and HBeAg.
Our study is mainly limited by the high cost of the
UDPS process, which restricted the number of samples
studied and created a risk that some results could be
due to random chance. A larger number of samples, additional sequential studies, and duplicate UDPS experiments would have given more information about the
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more in-depth study of the viral quasispecies. In the present study, the authors
applied the UDPS to analyze HBV quasispecies variability and adaptability of
the virus in single patient.

HBV core sites involved in quasispecies evolution and
potentially related to HBV chronic infection and to treatment non-response. In addition, at the time of the study,
the available UDPS methodology only allowed analysis
of sequences up to 250 bp. For this reason, we limited
the study to the widely described main epitopic regions
included in the HBV core, previously investigated by
conventional methodologies[6,7,11,25].
In conclusion, this study validates application of
UDPS to study the variability of the main core epitopes,
substantiates the significant richness of the HBV baseline quasispecies, and suggests a relationship between
core variability and HBV genotype. The highest variability was mainly detected in Th50-69 and B74-84, supporting their role as the main immune-stimulating core
regions. The significant variability associated with wellcharacterized Th-cell motifs, such as E64LMT67, seems to
indicate that the host immune system may be the main
factor responsible for HBV core evolution. The relevant
conservation of codon 76 may be related to possible
interactions with the viral envelope. In the single longitudinally analyzed patient, a minor variant present in the
baseline quasispecies was selected as the main variant in
the absence of treatment and was maintained after lamivudine. These findings indicate the utility of UDPS to
describe the dynamic behavior of the HBV quasispecies.
More extended analyses with a larger number of samples
must be performed to confirm the findings. The expected spread of this technology will probably allow a significant decrease in the cost, enabling processing a large
number of samples. The UDPS application for diagnostic and routine analysis might serve for the quantitative
estimation of the viral quasispecies, for defining mutant
variants or for establishing the quasispecies complexity.
All these parameters would be useful as prognostic factors for disease outcome or therapy efficacy.

Innovations and breakthroughs

To date, few studies have used UDPS to study the HBV quasispecies, likely
because of the current high cost of the technique for this purpose. However,
the results presented in these recently published studies have shown clear advantages of UDPS for viral quasispecies analysis. Most of these studies have
been mainly focused on the polymerase gene (treatment resistance variants).
The present study is the first work analyzing the core gene by this method, to
evaluate the effect of the host immune response and the variability of this little
overlapped region of the HBV genome.

Applications

This study illustrates the value of deep quantitative analysis of the HBV quasispecies composition to investigate its clinical relevancy. The results provide
an indication of the role of HBV core gene quasispecies structure in the natural
host immune response and have prompted us to continue investigating HBV
variability by UDPS, particularly the precore and core regions because of their
relationship with the immune response.

Terminology

Viral quasispecies distribution in an infected patient refers to a group of viruses
that are different, but highly related. This distribution results in competition
between viruses from the same infection, but also confers plasticity and adaptability to environmental changes.

Peer review

The authors analyzed the quasispecies of HBV core epitopic regions by UDPS.
They found that positions with highest variability rates, mainly clustered in the
main core epitopes, showed some relationship with HBV genotype, and were
particularly associated with the T-helper motif. The authors suggest that immune system pressure is the main cause of HBV core evolution.
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Cost of treating chronic hepatitis B: Comparison of current
treatment guidelines
Monica Robotin, Yumi Patton, Melanie Kansil, Andrew Penman, Jacob George
program costs using the B positive program algorithm
and compared them to estimated costs of using the
CHB treatment guidelines published by the AsianPacific, American and European Associations for the
Study of Liver Disease (APASL, AASLD, EASL) and
those suggested by an independent United States
hepatology panel. We used a Markov model that factored in the costs of CHB screening and treatment, individualized by viral load and alanine aminotransferase
levels, and calculated the relative costs of program
components. Costs were discounted by 5% and calculated in Australian dollars (AUD).
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RESULTS: Using the B positive algorithm, total program costs amount to 13 979 224 AUD, or 9634 AUD
per patient. The least costly strategy is based upon using the AASLD guidelines, which would cost 34% less
than our B positive algorithm. Using the EASL and the
United States Expert Group guidelines would increase
program costs by 46%. The largest expenditure relates
to the cost of drug treatment (66.9% of total program
costs). The contribution of CHB surveillance (20.2%)
and HCC screening and surveillance (6.6%) is small
- and together they represent only approximately a
quarter of the total program costs.
CONCLUSION: The significant cost variations in CHB
screening and treatment using different guidelines are
relevant for clinicians and policy makers involved in designing population-based disease control programs.

Abstract
AIM: To compare program costs of chronic hepatitis
B (CHB) screening and treatment using Australian and
other published CHB treatment guidelines.

© 2012 Baishideng. All rights reserved.

Key words: Chronic hepatitis B; Markov model; Hepatocellular cancer; Treatment guidelines

METHODS: Economic modeling demonstrated that
in Australia a strategy of hepatocellular cancer (HCC)
prevention in patients with CHB is more cost-effective
than current standard care, or HCC screening. Based
upon this model, we developed the B positive program
to optimize CHB management of Australians born in
countries of high CHB prevalence. We estimated CHB
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ALT levels, but elevated viral loads (as defined above)
are followed up by their local medical practitioners under a program of enhanced CHB surveillance (which in
addition to routine blood tests also includes 6-monthly
HCC surveillance using α fetoprotein (AFP) measurements and liver ultrasound (US) examinations. Patients
with elevated ALT and viral load levels are referred to
tertiary care for assessment and consideration of antiviral therapy (Figure 1). The general assumptions of the
Markov model are summarized in Table 1.
These treatment strategies are at slight variance with
those described in hepatitis B practice management
guidelines, because they factor in age as a consideration
for treatment initiation (program participants are aged
≥ 35 years and treatment criteria change at age 50 years)
and ALT cutoff levels are ≥ 1.5 × ULN. Additionally,
HCC screening is being offered to groups deemed at
higher risk, rather than to all Asian males over the age of
40 years and Asian women over the age of 50 years, as
it is recommended by the American Association for the
Study of Liver Disease (AASLD) guidelines[11].
The modeling work informed the development of a
program of CHB management targeting the area of Sydney with the highest burden of hepatitis-B-related HCC
in Australia, located in Southwest Sydney. As the Gastroenterology Society of Australia uses viral loads > 2000
IU/mL as a cut-off for treatment initiation irrespective
of age[12], we subsequently modified the viral load cut-off
for the B positive program, to avoid confusion among
primary care providers participating in the program.
In order to inform hepatitis B management and
provide data to policy makers, we estimated B positive
program costs using the original B positive screening and
treatment algorithm and compared them with those incurred using the modified B positive algorithm (viral load
cutoff of 2000 IU/mL for treatment initiation, irrespective of patient age) and to costs incurred when applying
guidelines published by the American, European and
Asia-Pacific Associations for the Study of Liver Disease
(AASLD, EASL and APASL)[6,13,14] as well as those developed by an independent panel of hepatologists from
the United States (referred to here as the United States
Expert Group)[15]. We also determined the relative proportion of program costs attributable to CHB screening,
drug treatment, CHB surveillance and HCC screening
and surveillance incurred by applying each of these algorithms. Costs were calculated in Australian dollars (AUD).

Robotin M, Patton Y, Kansil M, Penman A, George J. Cost of
treating chronic hepatitis B: Comparison of current treatment
guidelines. World J Gastroenterol 2012; 18(42): 6106-6113
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i42/6106.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i42.6106

INTRODUCTION
Although hepatocellular cancer (HCC) remains relatively
uncommon in Australia, its incidence has increased approximately fivefold since 1972, and based on current
trends, a threefold increase is expected by 2020[1]. HCC
rates are highest in Southwestern Sydney, where its incidence (7.7 per 100 000 persons, 95% CI: 7.0-8.4) is significantly higher than the state average (5.2 per 100 000
persons, 95% CI: 5.0-5.5)[1].
Nearly 90% of hepatitis-B-related HCC in NSW occurs in people born overseas, with approximately 70%
affecting Australians born in countries of high hepatitis
B prevalence[2]. Migrants born in these countries are
6-12 times more likely to develop HCC than other Australians[3], explained by the strong association between
hepatitis B infection acquired early in life and the subsequent development of hepatic cirrhosis and HCC[4]. In
recent years, effective treatments for chronic hepatitis B
(CHB) infection have achieved sustained suppression of
viral replication and significant reductions in disease progression to cirrhosis, end-stage liver disease and HCC[5-7].
This opens unique opportunities to reduce CHB-related
morbidity and mortality among the 350 million chronically infected people worldwide[8], provided that treatment costs are affordable at a population level. This is
particularly relevant in the developing world, where the
great majority of people with CHB reside[4].
Our previous modeling work showed that in Asian
populations with CHB residing in Australia (representing
> 50% of people diagnosed with CHB in Australia[9]),
a strategy of HCC prevention is more cost-effective
than HCC screening[10]. For people with CHB, we defined HCC prevention as an intervention comprising
regular (6-monthly) patient follow-up, the institution of
antiviral therapy in those with active disease, and HCC
surveillance. Following the confirmation of CHB diagnosis, general practitioners (GPs) order the relevant
investigations and stratify participants into discrete risk
categories, based upon hepatitis B virus (HBV) DNA
and alanine aminotransferase (ALT) levels (Figure 1).
Low-risk patients [those with low HBV DNA (defined
as < 20 000 IU/mL for participants aged < 50 years and
< 2000 IU/mL for those aged > 50 years) and normal
ALT levels [defined as < 1.5 times upper limit of normal
(ULN)] are offered routine CHB surveillance, consisting
of 6-monthly GP follow-up visits and testing for hepatitis B surface antigen (HBsAg), hepatitis B e antigen
(HBeAg), viral load and ALT levels. Patients with normal
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MATERIALS AND METHODS
The B positive project targets Asian migrant communities in Southwest Sydney, but is inclusive of all individuals who meet eligibility criteria. Eligibility criteria include:
confirmed CHB, age ≥ 35 years, and attending a general
practice in the target local government areas. To estimate
the size of the eligible population, we used data provided
by the Australian Bureau of Statistics 2006 National Cen-
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Doctor visit every six months

Initial enrolment

Routine hepatitis care
GP-led six-monthly testing:
HBsAg, HBeAg, ALT
Annual HBV DNA

HBV DNA
low

HBsAg
positive

Tests via GP:
HBsAg
HBeAg
HBV DNA
LFT’s (ALT)

Enhanced HCC surveillance
GP-led routine hepatitis care (as above)
Six-monthly AFP and liver ultrasound

ALT normal

HBV DNA
high
Specialist referral (HCC prevention)
Enhanced HCC surveillance (as above) and
specialist-led disease staging and treatment
Six-monthly AFP + liver ultrasound
Consider liver biopsy

ALT high
HBsAg
negative

Vaccine
immunisation

High ALT: ≥ 1.5 upper limit of normal

Figure 1 B positive program for chronic hepatitis B screening and treatment protocol. Depicts the algorithm used to stratify participants aged > 35 years into
routine surveillance [for those with viral loads below 2000 IU/ mL and normal alanine aminotransferase (ALT)], enhanced hepatocellular cancer (HCC) surveillance (for
elevated viral loads and normal ALT), and those at highest HCC risk (referred for specialist opinion and antiviral therapy). CHB: Chronic hepatitis B; HBeAg: Hepatitis
B e antigen; HBsAg: Hepatitis B surface antigen; GP: General practitioner; HBV: Hepatitis B virus; AFP: α fetoprotein; LFTs: Liver function tests.

sus on the number of local residents born in China, Hong
Kong and Vietnam aged ≥ 35 years. We applied HBV seroprevalence data on these numbers, based upon epidemiological estimates from the respective countries of birth[16].
We estimated the proportion of people in different
CHB-related disease stages over the 50-year timeframe
[CHB without cirrhosis; CHB with cirrhosis; CHB with
liver failure; CHB and HCC; spontaneous HBsAg clearance and death due to CHB-related causes (liver failure
or HCC), or death from other causes], using the assumptions of our previously published Markov model[10]. The
model takes a health care funder perspective and discounts costs at 5% per annum. We estimated a program
participation rate of 25%, informed by the experience
of the New Zealand HBV screening program, which
screened 27% of their eligible population[17]. Table 1
summarizes the key assumptions of our model. We used
an ALT level of ≥ 1.5 × ULN to define high-risk patients and estimated that about 50% of the target population have ALT levels < 1 × ULN, 12.5% have ALT
levels of 1-1.5 × ULN, 12.5% between 1.5 and 2 × ULN
and 25% levels > 2 × ULN, informed by a Hong Kong
population-based study of CHB patients[18].
We estimated the proportion of the target population receiving antiviral treatment based upon the cutoffs
for ALT and viral load recommended by the different
guidelines for patients who are HBeAg negative (Tables
2 and 3). Briefly, in this population group the AASLD
guidelines recommend treatment to be initiated when
viral load exceeds 20 000 IU/mL and ALT levels are > 2
× ULN[6]. The APASL guidelines use the same ALT level
cutoff, but a lower threshold (2000 IU/mL) for viral
load[14], while the United States expert group and EASL
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use the 2000 IU/mL cutoff for viral load, but recommend treatment for patients with ALT levels exceeding
the normal range[13,15].
The B positive program (unpublished) data suggested
that 94% of those enrolled in the program were HBeAg
negative at the time of enrolment (which corroborates
the findings of Yuen et al[19], that in an Asian population,
HBeAg seroconversion occurs around 35 years of age);
consequently we compared estimated CHB program costs
using treatment guidelines developed for HBeAg-negative
populations.
We factored in the costs of CHB screening and followup provided by specialists and/or primary care providers,
the costs of HCC screening, and CHB and HCC treatment, but not recruitment costs, or the costs of immunization for those susceptible.

RESULTS
The CHB population targeted by the B positive program
in Southwest Sydney was estimated at 5800 patients.
Assuming a 25% enrolment rate, about 1500 patients
(1451 patients) with CHB in Southwest Sydney would
be enrolled in the program. Nearly two-thirds (63%) of
these patients would be followed up by their GPs under
a program of routine surveillance (Figure 1). Half of the
patient population would receive this type of management if using the other guidelines, except for the AASLD
guidelines, where 70% of all patients would be receiving
routine surveillance. The proportion of patients under enhanced surveillance (which is 23% for B positive and 31%
for the modified B positive) would range from a low of
23% using the AASLD guidelines to a high of 37% using
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Table 1 General assumptions of the Markov model of the B positive hepatocellular cancer prevention program
Assumption

How addressed and rationale

Participant recruitment
Contact testing and immunisation
Seroprevalence in target populations

Target population age ≥ 35 yr, HBsAg +ve for ≥ 6 mo, born in China, Hong Kong, Vietnam
Not factored into the model
10.7% for people born in China
10.5% for people born in Vietnam
7.7% for people born in Hong Kong (Nguyen et al[16])
Not factored in the GP consultation calculations
Base case assumption: 25% of eligible people are enrolled
All participants have AFP and liver US at enrolment
Participants receiving enhanced surveillance have 6-monthly AFP and US
Participants receiving treatment also have liver biopsy
Routine surveillance arm: 2 GP appointments/yr
Enhanced HCC surveillance arm: 2 GP appointments/yr
Interferon treatment: 6 specialist appointments/yr
Entecavir treatment: 4 specialist appointments/yr
Patients with HCC: assumed two monthly follow up
Based upon Risk Evaluation of Viral Load Elevation and Associated Liver Disease study data
(Chen et al[20])
Based upon Hong Kong data (Yuen et al[18])
Constant
30% receive first line interferon (weekly for 12 mo); 30% seroconvert and receive no further treatment; 70% commence entecavir the following year
70% receive entecavir as first-line treatment; 20% seroconvert in first year and receive no further
treatment; 80% continue lifelong entecavir
Receive lifelong entecavir

Initial testing to confirm chronic hepatitis B
Program participation rates
HCC screening

Follow up requirements

Viral load distribution
ALT level distribution
Progression rates through different disease stages
Treatment protocol

Patients with liver failure

Lists the general assumptions used in building the model, including treatment protocols and follow up and other relevant elements and data sources. HBsAg:
Hepatitis B surface antigen; GP: General practitioner; AFP: α fetoprotein; ALT: Alanine aminotransferase; HCC: Hepatocellular cancer; US: Ultrasound.

Table 2 Participant distribution by disease stage at initial enrolment and management pathways, according to the B positive algorithm and hepatitis B treatment published guidelines n (%)
Treatment guideline
HBV DNA level to treat
ALT (ULN)
Number receiving interferon
Number receiving entecavir
Total on treatment
Total under enhanced surveillance
Total under routine surveillance
Total

B positive
> 2000 if > 50
> 20 000 if < 50
> 1.5
61 (4)
143 (10)
204 (14)
340 (23)
907 (63)
1451 (100)

Modified B positive
> 2000

EASL, United States experts
> 2000

> 1.5
81 (6)
190 (13)
271 (19)
452 (31)
728 (50)
1451 (100)

APASL
> 2000

>1
108 (8)
253 (17)
361 (25)
361 (25)
728 (50)
1451 (100)

>2
54 (4)
126 (9)
181 (12)
542 (37)
728 (50)
1451 (100)

AASLD
> 20 000
>2
33 (2)
76 (5)
109 (8)
326 (23)
1016 (70)
1451 (100)

Tabulates the estimated number of participants undergoing different monitoring strategies and treatment options, according to recommendations put
forward by Australian, Asia-Pacific, United States and European chronic hepatitis B treatment guidelines. ULN: Upper limit of normal; HBV: Hepatitis B
virus; EASL: European Associations for the Study of Liver Disease; APASL: Asia-Pacific Associations for the Study of Liver Disease; AASLD: American Associations for the Study of Liver Disease.

the EASL and United States Expert Panel guidelines. The
proportion of patients receiving antiviral treatment (14%
for B positive) ranges from a low of 8% under AASLD
to a high of 25% under the more stringent EASL and
United States Expert Panel Group guidelines (Table 2).
Overall, the lowest program costs are associated
with the application of AASLD guidelines, because the
20 000 IU/mL viral load cutoff for treatment initiation
and ALT levels ≥ 2 × ULN make fewer patients eligible
for treatment. Treatment costs are highest when applying EASL and United States Expert Group guidelines,
because they recommend treatment for all patients with
viral loads > 2000 IU/ mL and ALT levels > 1 × ULN.
The total B positive program costs would amount
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to 13 979 224 AUD, or 9634 AUD per patient using the
original B positive algorithm, ranging from a low of 6344
AUD for the AASLD guidelines to a high of 14 039 for
the EASL and United States Expert Group recommendations (Table 3). The largest component of the cost structure relates to antiviral treatment, which represents over
three-quarters (75.8%) of program costs if using EASL
and United States Expert Group recommendations, approximately 70% (70.2%) for the modified B positive
algorithm, 66.9% for the original B positive, 60% for the
APASL guidelines, and just over 50% for the AASLD
guidelines. Costs of CHB surveillance ranges from 17.5%
for the modified B positive protocol to 30.1% of the program expenditure if using AASLD guidelines. The con-
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Table 3 Calculated costs (in Australian dollars) of implementing a program of chronic hepatitis B management in hepatitis B e antigen-negative patients according to the B positive algorithms and published hepatitis B treatment guidelines, n (%)
Discounted costs of management strategies

B positive

Cost/QALY (discounted)
13 465
Total program cost (discounted)
13 979 224
Cost components
Initial CHB screening cost
767 728 (5.5)
Drug treatment costs
9 347 662 (66.9)
CHB surveillance costs
2 827 093 (20.2)
HCC surveillance costs
917 783 (6.6)
Total cost per person in the program
9634
% change with equivalent unit costs/QALY
100

Modified B positive
15 770
16 372 320

APASL

EASL, United States experts

11 746
12 194 905

800 792 (4.9)
11 493 535 (70.2)
2 866 053 (17.5)
1 092 983 (6.7)
11 283
117

755 971 (6.2)
7 360 940 (60.4)
2 866 053 (23.5)
1 092 983 (9.0)
8404
87

AASLD

19 622
20 371 117

8867
9 205 680

845 613 (4.2)
15 447 510 (75.8)
2 866 053 (14.1)
1 092 983 (5.4)
14 039
146

720 357 (7.8)
4 951 419 (53.8)
2 767 073 (30.1)
647 874 (7.0)
6344
66

Tabulates the costs of chronic hepatitis B screening, surveillance and treatment as per Australian, Asia-Pacific, United States and European treatment
guidelines scenarios. Costs are discounted by 5% and calculated in Australian dollars (AUD). EASL: European Associations for the Study of Liver Disease;
APASL: Asia-Pacific Associations for the Study of Liver Disease; AASLD: American Associations for the Study of Liver Disease; HCC: Hepatocellular cancer; CHB: Chronic hepatitis B; QALY: Quality-adjusted life year.

tribution of the cost of HCC screening and surveillance
remains relatively small in all scenarios, ranging from a low
of 5.4% for the EASL and United States guidelines to 9%
for the APASL guidelines.
Compared to the B positive algorithm, the lowest cost
to achieve an equivalent unit cost/quality-adjusted life
year is incurred by applying the AASLD guidelines (34%
cost saving), followed by the APASL guidelines (13% cost
saving); costs would be 17% higher with the modified B
positive algorithm (because more patients aged 35-50 years
would be in receipt of treatment) and 46% higher for the
EASL and United States Expert Group recommendations.

the viral load cut-off is set at 2000 IU/mL for all patients, or only for those aged > 50 years.
The model assumes that all patients with elevated
viral loads and ALT levels receive specialist assessment
and liver biopsy to assess the degree of fibrosis prior to
treatment initiation, although since November 2011, liver
biopsy is no longer mandatory for treatment initiation.
In all modeled programs, the greatest contribution
to cost is that of antiviral drug treatment (interferon or
entecavir), accounting for 50%-75% of the program budget. By comparison, the costs of CHB surveillance are
relatively low for a primary-care-based program (ranging
from 14% to 30% of total costs); even lower are the costs
associated with HCC screening and surveillance (ranging
from 5% to 9%). The original B positive modeling did
not include HCC surveillance in the subgroup presumed
to have inactive disease; this is at variance with current
published guidelines, which recommend HCC surveillance for all Asian men aged > 40 years or women aged >
50 years, irrespective of their disease stage or viral load[11].
Although the original intention was to balance cost containment with ensuring that HCC cases are not missed, it
appears that the contribution of HCC screening to costs
would remain modest even if the program embraces the
recommended screening guidelines. Sherman in a recent
review concedes that it may be possible that, as more
information about HCC risk stratification becomes available, patients with long-term inactive disease may not require the same intensive HCC surveillance[11], something
that is supported by the REVEAL data[20].
Our model has a number of limitations related to
our assumptions and the lack of clear data in some areas. For example, we used a 1.5 × ULN cut-off for the
ALT levels prompting treatment. The different ALT
cut-off levels in various guidelines indicate that there is
no agreement about what level of ALT should prompt
treatment initiation, and information to clarify this is
keenly awaited. Similarly, we assumed that all patients
with elevated ALT levels would require antiviral therapy,
although in reality, ALT elevation may not always relate
to disease reactivation, but to other factors, such as high

DISCUSSION
This modeling exercise demonstrates that in a population-based CHB management program informed by current treatment guidelines, the majority of patients (ranging from 50 to 70%) have low viral loads (< 2000 IU/
mL) and low ALT levels and may be effectively managed
at the primary care level. Between a quarter and a third
of patients have elevated viral loads and would benefit
from more comprehensive follow-up, which we termed
“enhanced surveillance”, which could still effectively be
delivered at the primary care level and free up specialist
resources. These calculations suggest that the proportion
of patients requiring tertiary-level assessment for consideration of antiviral therapy is variable, ranging from
a low of 8% if the AASLD guidelines are followed to
a high of 25% if the more stringent EASL and United
States Expert Group guidelines are used. Program costs
range from approximately 9 million AUD (if AASLD
guidelines are used) to more than double that figure
(20 371 117 AUD) if the EASL or United States Expert
Group recommendations are applied. Correspondingly,
this leads to variations in costs per patient enrolled, ranging from 6344 AUD (for AASLD guidelines) to 14 039
AUD (for EASL and United States Expert Group guidelines). The B positive algorithm steers a mid-course with
regards to total (13 979 224-16 372 320 AUD) and per
patient costs (9634-11 283 AUD, depending on whether
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HBeAg-negative disease (which has been less extensively
studied) may limit the generalizability of our findings.
In the absence of relevant data, we assumed that the effectiveness and durability of current interventions can
be extrapolated over a lifetime horizon, but acknowledge
that the lack of long-term evidence precludes confident
estimates of treatment outcomes.
From a policy perspective, the high cost of antiviral
therapy makes population-based CHB screening and
treatment unaffordable for all but well-resourced countries. For example, Hutton et al[27] published their analysis of the cost-effectiveness of interventions aiming to
combat hepatitis B in the United States and China. They
found that in an American setting it is cost-effective to
screen adult Asian and Pacific Islanders (APIs) for CHB,
with a view to providing them with appropriate treatment, as well as to vaccinate close contacts. This work
led to a change in United States public health policy on
hepatitis B screening, with a recommendation that all
adult APIs and adults born in areas of intermediate HBV
prevalence be screened for CHB. The authors found that
in a Chinese setting catch-up adolescent vaccination is
cost-effective, but that drug treatment costs would need
to be halved (to about 1000 United States dollars/year)
before the benefits of vaccination would be surpassed
by those of instituting treatment[27]. China’s economic
successes makes population level CHB screening and
treatment a possibility in the future, but effective and inexpensive treatments are needed to reduce the burden of
CHB in developing economies[4].
Our original economic model assumptions attempted
to reflect the Australian practice prevalent in 2006 and
2007, when entecavir was becoming first-line treatment
for CHB. At that time interferon was still in common
use, therefore, we modeled 30% of the cohort as receiving first-line interferon.
However, the therapeutic landscape has changed
in recent years, with interferon being used now in only
about 10% of patients as first-line treatment for CHB. We
therefore repeated our calculations estimating that 10%
of patients receive first-line interferon and found the incremental total cost was only about 1.5% higher (data not
shown), as a result of interplay between a more intensive
and more costly specialist follow-up during interferon
treatment, a small proportion of patients who clear the infection, and the overall small number of patients affected.
As both available resources and local clinical preferences guide drug treatment, generic lamivudine may be
the only affordable antiviral for low-income countries in
Asia and Africa, where CHB is most prevalent, because
replacing it with a more potent antiviral agent is associated with a more than 10-fold increase in drug costs[28] .
Consequently, we repeated the analysis, substituting
lamivudine for entecavir and assuming that the cost of
lamivudine represented only a tenth of the cost of entecavir. This led to significant reductions in drug costs
(ranging from 75.3% to 77.6%) and in overall program
costs (ranging from 40.5% to 58.9% - data not shown),
which further emphasizes the important role played by

body mass index, non-alcoholic fatty liver disease, chronic alcohol consumption or coexisting hepatitis C infection[21,22]. We also acknowledge that the rate of progression to HCC development is variable in different patient
populations, being dependent on the degree of fibrosis,
genotype, and other associated risk factors. Although the
short-term goals of antiviral therapy have been achieved
in recent clinical trials[22], more answers are needed as
to the extent to which this affects liver cancer incidence
and the number of cancer deaths. As this is also the
major assumption that underlies our analysis, more data
confirming the impact of treatment on HCC risk reduction would strengthen the economic model findings.
Our original model factored in the cost of liver biopsy for all patients being considered for antiviral therapy,
reflecting the recommendations of guidelines referred to
in the paper, suggesting that a liver biopsy is helpful for
determining the degree of necroinflammation and fibrosis. However the relatively low cost of a liver biopsy and
the relatively small numbers of patients in this subgroup
(we estimated that only about 12.5% of patients have
ALT levels in that range and even fewer also have low–
medium viral loads) means that this procedure will have
a minimal impact on overall program costs, although it
may influence the number of patients willing to accept
drug therapy.
The effectiveness and cost-effectiveness of different
interventions need to be corroborated by other types of
studies and real-life outcomes data utilized to validate the
economic models. We are currently collecting program
data for this purpose.
Ideally our findings would need to be compared to
those of other studies using decision models and against
real-life data from clinical studies, but available data are
limited. A recent European review[23] identified only two
studies addressing the cost-effectiveness of screening highrisk groups for CHB: both a United States[24] and a Dutch
study[25] suggested that screening of migrant groups for
HBV was both clinically effective and cost-effective findings that were corroborated by our Australian study[10].
A clinical study estimating the efficacy and cost of
HCC screening in a clinic population in Australia [26]
confirmed our model costs. We need to bear in mind
however that direct comparisons between studies are of
limited value, due to differences in study design, model
assumptions, cut-offs used, and variable cost structures
in different countries.
As the stated aim of this short paper was to examine
the cost implications of utilizing different guidelines to
treat patients with CHB, in order to assist funding decisions, we did not include a broader discussion of costeffectiveness, effectiveness and efficacy of antiviral treatment, but agree that a more comprehensive review of
effectiveness and cost-effectiveness may be warranted.
Although we incorporated a wide range of supporting evidence into our economic model, the relatively limited information available on the composition of cohorts
of patients with CHB receiving treatment and the possible differences in treatment response in patients with
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ment, policy makers and clinicians working in areas with a large hepatitis B load.

drug costing in program feasibility.
Our modeling has provided estimates of the cost
of CHB management programs that could be useful
for policy makers and health care providers in different
settings, to inform program development. It would appear that population-based CHB management programs
targeting at-risk groups are affordable in high-resource
settings, but remain unattainable for many of the world’s
population with CHB, living in low- or middle-resourced
countries. The high cost of antiviral therapies represents
the largest cost component of a CHB management program. It is hoped that reductions in the cost of antiviral
drugs will lead to more equitable access to treatment and
address the global burden of chronic hepatitis B.

Peer review

This is a study on the cost of treatment of hepatitis B, using Markov models.
The authors propose a scheme for the diagnosis and subsequent monitoring of
patients from countries with high prevalence of hepatitis B, resident in Australia.
They also compared the relative cost with the proposed guidelines from other
major hepatology associations. They found that the AASLD recommendations
were more cost-effective. This type of study is important in view of the increasing cost of drug treatment of HBV infection but also of the increasing cost of
diagnostic tests related to HCC surveillance.
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as serum vitamin B12 < 200 pg/mL. Iron deficiency
anemia was defined as anemia with concomitant iron
deficiency. Anemia from vitamin B 12 deficiency was
defined as megaloblastic anemia (mean cell volume >
100 fL) with vitamin B12 deficiency. The profile of anemia over 48 mo of follow-up was analyzed.
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RESULTS: One hundred sixty-one patients with gastrectomy for early gastric cancer were analyzed. The
incidence of anemia was 24.5% at 3 mo after surgery
and increased up to 37.1% at 48 mo after surgery. The
incidence of iron deficiency anemia increased during
the follow up and became the major cause of anemia
at 48 mo after surgery. Anemia of chronic disease and
megaloblastic anemia were uncommon. The incidence
of anemia in female patients was significantly higher
than in male patients at 12 (40.0% vs 22.0%, P =
0.033), 24 (45.0% vs 25.0%, P = 0.023), 36 (55.0%
vs 28.0%, P = 0.004), and 48 mo (52.0% vs 31.0%,
P = 0.022) after surgery. Patients with total gastrectomy showed significantly higher incidence of anemia
than patients with subtotal gastrectomy at 48 mo after
surgery (60.7% vs 31.3%, P = 0.008). The incidence
of iron deficiency was significantly higher in female patients than in male patients at 6 (35.4% vs 13.3%, P
= 0.002), 12 (45.8% vs 16.8%, P < 0.001), 18 (52.1%
vs 22.3%, P < 0.001), 24 (60.4% vs 20.9%, P < 0.001),
36 (62.5% vs 29.2%, P < 0.001), and 48 mo (66.7%
vs 34.7%, P = 0.001) after surgery.

Abstract
AIM: To identify the incidence and etiology of anemia
after gastrectomy in patients with long-term follow-up
after gastrectomy for early gastric cancer.
METHODS: The medical records of those patients
with early gastric adenocarcinoma who underwent
curative gastrectomy between January 2006 and October 2007 were reviewed. Patients with anemia in the
preoperative workup, cancer recurrence, undergoing
systemic chemotherapy, with other medical conditions
that can cause anemia, or treated during follow up
with red cell transfusions or supplements for anemia
were excluded. Anemia was defined by World Health
Organization criteria (Hb < 12 g/dL in women and <
13 g/dL in men). Iron deficiency was defined as serum
ferritin < 20 μg/dL. Vitamin B12 deficiency was defined
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CONCLUSION: Anemia was frequent after gastrectomy for early gastric cancer, with iron deficiency being
the major cause. Evaluation for anemia including iron
status should be performed after gastrectomy and appropriate iron replacement should be considered.
© 2012 Baishideng. All rights reserved.
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program consisted of interim history taking, physical examination, imaging studies, endoscopic examination, hematology, and blood chemistry panels. Mean cell volume
(MCV), serum iron, serum ferritin, total iron-binding
capacity, serum vitamin B12, and serum folate level were
included in the follow-up program.
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Definition of anemia and related conditions
Anemia was defined by World Health Organization criteria (Hb <12 g/dL in women and <13 g/dL in men)[9].
Iron deficiency was defined as serum ferritin < 20 μg/
dL. Vitamin B12 deficiency was defined as serum vitamin
B12 < 200 pg/mL. Iron deficiency anemia was defined
as anemia with concomitant iron deficiency. Anemia of
chronic illness was defined as anemia with serum ferritin
> 20 μg/dL. Anemia from vitamin B12 deficiency was
defined as megaloblastic anemia (MCV >100 fL) with
vitamin B12 deficiency.

INTRODUCTION
Gastric cancer is the most common malignancy in Korea
and the second most frequent cause of cancer-related
death worldwide[1,2]. Curative resection has proven to be
the only successful treatment modality for locally confined
gastric cancer[3]. Anemia is a frequent complication after
gastrectomy and deficiencies of iron, vitamin B12, or folate, either alone or in combination, have been reported
after gastric surgery[4-6]. However, these studies included
relatively small numbers of patients, follow-up visits were
not systematically scheduled, and the definition and biochemical markers of anemia were ambiguous or insufficient. There are limited reports concerning anemia in
patients who undergo gastrectomy for early gastric cancer
who have systematically scheduled serial follow-up visits,
but do not receive supplements for anemia.
The incidence of gastric bypass surgery for morbid
obesity is increasing, and anemia after bypass surgery has
been reported[7-11]. Dietary life after gastric surgery in patients with gastric cancer may differ from that in patients
with morbid obesity: in contrast to patients with obesity,
patients having gastrectomy for gastric cancer do not
restrict their dietary intake for weight reduction. The aim
of this study was to identify the natural history of anemia after gastrectomy in a cohort of patients undergoing
gastrectomy for early gastric cancer who were systematically followed up in the long term.

Statistical analysis
Continuous data are presented as the mean ± SD and
categorical data are presented as proportions. The data
were analyzed using the paired t test to assess the differences in continuous data during follow up and a χ 2 test
or Fisher’s exact test to assess the differences according
to sex and the type of gastrectomy. Differences were
considered significant if the P value was less than 0.05.
All statistical analysis were performed using SAS software (SAS Institute, Cary, NC, United States).

RESULTS
Four hundred fifty-eight patients with early gastric adenocarcinoma underwent curative gastrectomy in our
institution during the study period. Of these, 297 were
excluded from the analysis (anemia in preoperative workup in 45 patients, systemic chemotherapy in 79, other
medical conditions that can cause anemia in 13, followup loss in 86, insufficient biochemical profile for anemia
in 73, red cell transfusion during the follow-up in one).
Finally, 161 patients undergoing gastrectomy for early
gastric cancer were analyzed. No patient in the study
population received iron or vitamin B 12 replacement
therapy. Follow-up after surgery was possible at 3 mo in
159, 6 mo in 161, 12 mo in 161, 18 mo in 160, 24 mo in
158, 36 mo in 154, and 48 mo in 142.
The characteristics of the study population are shown
in Table 1. The mean age was 56.2 ± 10.9 years (range,
23-78 years) and 113 patients were men (70.2%). Thirtynine (24.2%) patients underwent Billroth Ⅰ subtotal
gastrectomy, 90 (55.9%) Billroth Ⅱ subtotal gastrectomy,
and 32 (19.9%) total gastrectomy.
The incidence of anemia was 24.5% at 3 mo after surgery and increased to 37.1% at 48 mo after surgery. The
incidence of iron deficiency anemia increased during the
follow-up and became the major cause of anemia at 48
mo after surgery (Figure 1). Anemia of chronic disease
and megaloblastic anemia were uncommon. Only one

MATERIALS AND METHODS
Study population
This study was a retrospective chart review of the registry of all patients who had undergone gastrectomy for
early gastric cancer at Seoul St Mary’s Hospital, Seoul,
Korea between January 2006 and October 2007. Patients
with anemia in the preoperative workup, cancer recurrence, undergoing systemic chemotherapy, with other
medical conditions that can cause anemia, or treated during follow up with red cell transfusions or supplements
for anemia were excluded from the study.
Follow-up program
Patients with early gastric cancer were followed up at 3, 6,
9, 12, 18, 24, 48 and 60 mo after surgery. The follow-up
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Figure 1 Incidence and distribution of anemia after gastrectomy. IDA: Iron
deficiency anemia; ACD: Anemia of chronic disease; MBA: Megaloblastic anemia.

56.2 ± 10.9
113 (70.2)
48 (29.8)
14.2 ± 1.1
14.6 ± 0.9
13.2 ± 0.8
20 (12.4)
19 (11.8)
2 (1.2)
2 (1.2)
2 (1.2)
39 (24.2)
90 (55.9)
32 (19.9)
143 (88.8)
15 (9.4)
2 (1.2)
1 (0.6)

1

Data are presented as mean ± SD.

patient had a picture consistent with megaloblastic anemia
with vitamin B12 deficiency at 48 mo after surgery. The
incidence of anemia, iron deficiency, and vitamin B12 deficiency increased during follow-up after surgery (Figure
2). The incidence during follow-up of iron deficiency
without anemia was considerable. Most vitamin B12 deficiency occurred in patients who had total gastrectomy.
At 48 mo after gastrectomy, the incidence of vitamin B12
deficiency was 3.2% in patients with Billroth Ⅰsubtotal
gastrectomy, 7.5% in Billroth Ⅱ subtotal gastrectomy,
and 76.9% in total gastrectomy. The incidence of vitamin B12 deficiency in patients with total gastrectomy was
0%, 16.1%, 50.0% and 76.9% at 12, 24, 36 and 48 mo
after gastrectomy, respectively.
Serial follow-up hematology and blood chemistry
data are shown in Table 2. Hemoglobin level, serum
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48

ferritin level, and vitamin B12 level decreased during the
follow-up. The average serum albumin level was 3.3 ± 0.4
g/dL before surgery and recovered to 4.2 ± 0.3 g/dL at
3 mo after surgery.
The incidence of anemia in female patients was significantly higher than in male patients at 12 mo, 24 mo,
36 mo, and 48 mo after surgery (Figure 3A). Patients with
total gastrectomy showed significantly higher incidence
of anemia at 48 mo after surgery than patients with subtotal gastrectomy (60.7% vs 31.3%, P = 0.008) (Figure
3B). There was no significant difference in the incidence
of anemia 48 mo after surgery between patients having
Billroth Ⅰ and Billroth Ⅱ subtotal gastrectomy (18.8%
vs 36.1%, P = 0.078). The incidence of iron deficiency
was also significantly higher in female patients than in
male patients at all times in the follow-up period except
at 3 mo after surgery (Figure 3C). The incidence of iron
deficiency was significantly higher in patients with total
gastrectomy than those with in subtotal gastrectomy only
at 36 mo after surgery (58.1% vs 35.0%, P = 0.024) (Figure
3D). There was no significant difference in the incidence
of anemia and iron deficiency between patients with
Billroth Ⅰ and Ⅱ subtotal gastrectomy at 48 mo after surgery (28.1% vs 45.8%, P = 0.095).

Value n (%)

Age (yr)1
Gender
Male
Female
Preoperative hemoglobin (g/dL)1
Male
Female
Combined disease
Hypertension
Diabetes mellitus
Pulmonary disease
Coronary artery disease
Chronic liver disease
Type of operation
Billroth Ⅰ subtotal gastrectomy
Billroth Ⅱ subtotal gastrectomy
Total gastrectomy
Nodal Stage
N0
N1
N2
N3

36

Figure 2 Incidence of anemia, iron deficiency state, and vitamin B12 deficiency state after gastrectomy.

Table 1 Patients characteristics (n = 161)
Variable

24

t /mo

t /mo

DISCUSSION
In this study, we identified the incidence and etiology of
anemia after gastrectomy in a cohort of patients having
gastrectomy for gastric cancer who were systematically
followed up over the long term. We found that the incidence of anemia in the patients with gastrectomy increased during follow-up. Iron deficiency anemia became
the major cause of anemia after gastrectomy, and megaloblastic anemia with vitamin B12 deficiency was rare.
In this study, anemia was relatively frequent after gastrectomy for early gastric cancer. Anemia was detected
shortly after surgery and increased during the follow-up
period. The incidence of anemia was 24.5% at 3 mo after surgery and increased to 37.1% at 48 mo after surgery.
Anemia has been reported to occur in up to 60% of
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Table 2 Biochemical marker after gastrectomy
Before surgery

3 mo

6 mo

12 mo

18 mo

14.2 ± 1.1

13.4 ± 1.2
70.8 ± 59.1

13.3 ± 1.2a
63.9 ± 52.4a

13.2 ± 1.3a
49.3 ± 51.3a

3.3 ± 0.4

4.2 ± 0.3

4.2 ± 0.4

13.4 ± 1.3
55.2 ± 43.4a
1167.7 ± 597.6
4.3 ± 0.3

Hemoglobin (g/dL)
Serum ferritin (μg/L)
Serum vitamin B12 (pg/mL)
Serum albumin (g/dL)

24 mo

4.3 ± 0.3

36 mo

48 mo

13.2 ± 1.4a
13.1 ± 1.5a
a
43.3 ± 46.0
34.7 ± 32.2a
1113.9 ± 629.4 773.7 ± 999.9c
4.3 ± 0.3
4.3 ± 0.3

13.1 ± 1.6a
33.7 ± 30.7a
560.3 ± 472.9c
4.3 ± 0.3

P < 0.05 vs 3 mo; cP < 0.05 vs 12 mo.

a

A 60%

a

Female

STG

a

40%

20%

0%

a

TG

a
Incidence

Incidence

Male

B 60%
a

40%

20%

0

12

C

24
t /mo
a

Female

60%

Male

36

0%

48

0

12

24

36

48

a

a

36

48

t /mo
a

D 60%

a

TG
STG

a

40%

Incidence

Incidence

a
a

40%

20%

20%

0%
0

12

24
t /mo

36

48

0%
0

12

24

t /mo

Figure 3 Incidence of anemia and deficiency state after gastrectomy. A: Significantly higher incidence of anemia in female patients than in male patients at 12,
24, 36 and 48 mo after surgery, aP < 0.05 vs female group; B: Significantly higher incidence of anemia in patients with total gastrectomy (TG) than in patients with
subtotal gastrectomy (STG) at 48 mo after surgery, aP < 0.05 vs STG group; C: Significantly higher incidence of iron deficiency state in female patients than in male
patients at all times in the follow-up period except at 3 mo after surgery, aP < 0.05 vs male group; D: Significantly higher incidence of iron deficiency in patients with TG
than in patients with STG at 36 mo after surgery, aP < 0.05 vs STG group.

patients after partial gastrectomy[12,13]. The incidence of
anemia after bypass surgery has been reported as from
5% to 64%[7-9,14-17]. A recent study of postsurgical anemia
after gastrectomy reported that the incidence of anemia
was 37.9%, 33.5% and 34.7% at 3, 6 and 12 mo after
surgery, respectively[18].
Our study showed that iron deficiency anemia increased during follow-up and was the major cause of
anemia at 48 mo after surgery. Serial follow-up showed
that serum ferritin gradually decreased from 70.8 μg/L
to 30.1 μg/L during follow up and the incidence of iron
deficiency gradually increased to 44% at 48 mo after gastrectomy. Our results are similar to those of a previous
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study of patients after Roux-en-Y gastric bypass[19]. Iron
deficiency anemia was reported to be very common in
post-gastrectomy patients at twenty five to thirty years after surgery[20]. Iron deficiency after gastrectomy or bypass
results from malabsorption of iron because of a surgically altered gastrointestinal tract. Inadequate oral intake or
occult blood loss may also contribute to this condition.
Iron is absorbed in the duodenum and proximal jejunum
and its absorption is enhanced by gastric acid secretion.
A lack of acidity results in impaired conversion of ingested ferric iron to absorbable ferrous iron[21]. Duodenal
bypass also contributes to iron deficiency in patients
with gastrectomy or bypass surgery. Atrophic gastritis
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and Helicobacter pylori infection were reported to play an
important role in iron deficiency after gastrectomy for
cancer of the stomach[22]. In our study, the patients with
Billroth Ⅰ subtotal gastrectomy showed the lowest incidence of iron deficiency compared with all groups of
patients with duodenal bypass (total gastrectomy and
Billroth Ⅱ subtotal gastrectomy) at 48 mo after surgery
(28.1% vs 48.6%, P = 0.045). Our study showed a higher
incidence of anemia and iron deficiency in patients with
total gastrectomy than in those with subtotal gastrectomy.
This difference may originate from the more depleted
nutritional status of patients with total gastrectomy[15,23,24].
In contrast to the subjects of other studies of severe
obesity, our study population was patients with early
gastric cancer and did not need weight reduction. They
were recommended an adequate oral intake and serum
albumin level was maintained at an adequate level. Therefore, our results show an etiology and natural course of
postgastrectomy anemia that is close to reality.
The incidence of vitamin B12 deficiency gradually increased to 20% of patients in our study at 48 mo after
gastrectomy. The majority of the patients with vitamin
B12 deficiency at 48 mo were those with total gastrectomy.
Vitamin B12 deficiency causes megaloblastic anemia and
neurological symptoms, and is known to develop within
5 or 6 years after total gastrectomy, a delay that reflects
the time needed to exhaust cobalamin stores after cobalamin absorption ceases[25]. Our study showed that 16.1%,
50.0% and 76.9% of the patients with total gastrectomy
presented with vitamin B12 deficiency at 24, 36 and 48 mo
after gastrectomy, respectively. Although the incidence of
vitamin B12 deficiency at 48 mo after gastrectomy was high
in our study, only one patient with vitamin B12 deficiency
presented with megaloblastic anemia. Because 70% of
patients with vitamin B12 deficiency at 48 mo after gastrectomy showed anemia and the majority of these were irondeficient, the generation of macrocytosis by concomitant
iron deficiency should be considered[26]. Vitamin B12 deficiency can develop within 2 years after total gastrectomy
and vitamin B12 replacement may be considered for postgastrectomy patients with persistent anemia despite iron
replacement or with neurological symptoms combined
with vitamin B12 deficiency.
Our study has some limitations. This study was a single-center retrospective study. The symptoms of anemia
and other nutritional parameters such as body weight or
body mass were not investigated. However, a strength of
our study is the tightly controlled long-term follow-up
of the patient cohort after gastrectomy for early gastric
cancer, with systematically and prospectively scheduled
serial follow-up visits and without any supplement for
anemia. Our results enabled us to understand the development of post-gastrectomy anemia.
In conclusion, anemia was frequent after gastrectomy
for early gastric cancer and iron deficiency was the major cause. Evaluation for anemia including iron status
should be performed after gastrectomy and appropriate
iron replacement should be considered.
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Background

Curative resection has proven to be the only successful treatment modality for
locally confined gastric cancer. Anemia is a frequent complication after gastrectomy. The present study identified the natural history of anemia after gastrectomy in a cohort of patients undergoing gastrectomy for early gastric cancer
who were systematically followed up in the long term.

Research frontiers

Anemia was frequent after gastrectomy for early gastric cancer, with iron deficiency being the major cause.

Innovations and breakthroughs

Anemia is a common complication of gastrectomy, particularly in female patients and it worsens as follow-up lengthens in a cohort with long-term follow-up
for 48 mo. The incidence of iron deficiency gradually increased during follow up
and became the major cause of anemia. Megaloblastic anemia is uncommon
although the incidence of vitamin B12 deficiency gradually increased after gastrectomy, particularly particularly after total gastrectomy.

Applications

The results of this study suggest that evaluation for anemia including iron status should be performed after gastrectomy and appropriate iron replacement
should be considered.

Peer review

This study examined anemia in a large cohort of patients undergoing gastrectomy for early gastric cancer. The results of this study can serve as a benchmark
in the follow up of patients undergoing partial or total gastrectomy for gastric
carcinoma.
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METHODS: A total of 7880 adults (3851 men, 4029
women) who underwent a comprehensive medical
examination were enrolled in this study. Subjects diagnosed with either diabetes mellitus, or any other
disorder that could influence their insulin sensitivity,
were rejected. Anthropometry, metabolic risk factors,
hepatitis B surface antigen, hepatitis B surface antibody, hepatitis B core antibody, fasting plasma glucose
and insulin were measured for all subjects. Homeostasis model assessment (HOMA), quantitative insulin
check index (QUICKI), and Mffm index were used for
determining insulin sensitivity. Each participant was
categorized into a negative, recovery, or CVHB group.
To compare variables between groups, a t-test and/or
one-way analysis of variance were used. Partial correlation coefficients were computed to present the association between insulin resistance and other variables.
Multiple logistic regression analysis was used to assess
the independent association between CVHB and IR.
RESULTS: The mean age of men and women were
48.9 and 48.6 years, respectively. Subjects in the
CVHB group had significantly higher waist circumference [(86.0 ± 7.7 cm vs 87.3 ± 7.8 cm, P = 0.004 in
men), (78.3 ± 8.6 cm vs 80.5 ± 8.5 cm, P < 0.001 in
women)], cystatin C [(0.96 ± 0.15 mg/dL vs 1.02 ±
0.22 mg/dL, P < 0.001 in men), (0.84 ± 0.15 mg/dL
vs 0.90 ± 0.16 mg/dL, P < 0.001 in women)], fasting
insulin [(5.47 ± 3.38 μU/mL vs 6.12 ± 4.62 μU/mL, P
< 0.001 in men), (4.57 ± 2.82 μU/mL vs 5.06 ± 3.10
μU/mL, P < 0.001 in women)] and HOMA index [(1.24
± 0.86 vs 1.43 ± 1.24, P < 0.001 in men), (1.02 ±
0.76 vs 1.13 ± 0.87, P = 0.033 in women)] compared
to control group. The HOMA index revealed a positive
correlation with body mass index (BMI) (r = 0.378, P
< 0.001), waist circumference (r =0.356, P < 0.001),
percent body fat (r = 0.296, P < 0.001), systolic blood
pressure (r = 0.202, P < 0.001), total cholesterol (r =
0.134, P < 0.001), triglycerides (r = 0.292, P < 0.001),
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AIM: To investigate the relationship between chronic
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cystatin C (r = 0.069, P < 0.001) and uric acid (r =
0.142, P < 0.001). The QUICKI index revealed a negative correlation with BMI (r = -0.254, P < 0.001), waist
circumference (r = 0-0.243, P < 0.001), percent body
fat (r = -0.217, P < 0.001), systolic blood pressure (r
= -0.132, P < 0.001), total cholesterol (r = -0.106, P <
0.001), triglycerides (r = -0.205, P < 0.001), cystatin C
(r = -0.044, P < 0.001) and uric acid (r = -0.096, P <
0.001). For subjects identified with IR, the odds ratio
of an accompanying diagnosis of chronic hepatitis B
was 1.534 (95% CI: 1.158-2.031, HOMA index criteria)
or 1.566 (95% CI: 1.124-2.182, QUICKI criteria) after
adjustment for age, gender, BMI, and amount of alcohol consumption.

and the Pacific Islands. HBV infection may cause acute
and/or chronic hepatitis and premature death from liver
cirrhosis, liver failure or hepatocellular carcinoma [6].
Moreover, CVHB infection is related to other diseases
such as polyarteritis nodosa (PAN)[7], glomerulonephritis
(GN)[8], serum sickness-like syndrome (prodrome)[9], arthritis[10], and acrodermatitis[11].
Recently, an experimental study suggested that hepatitis B X protein (HBx) impairs the hepatic insulin signaling pathway, and that HBV infection is associated with
IR[12]. A previous clinical studies also suggest that hyperinsulinemia occurs in CVHB and hepatitis C[13], and this
association has been elucidated in hepatitis C virus (HCV)
infection[14,15]. HCV may disturb the insulin signaling
pathway by activation of the tumor necrosis factor (TNF)
system[16]. IR has been proposed as an important risk
factor in patients with chronic hepatitis C, mainly due to
its relationship to steatosis development[17] and fibrosis
progression[18], and non-response to peginterferon plus
ribavirin[19]. However, the effect of HBV infection on
human insulin sensitivity remains unclear. In this study,
we tested the hypothesis that HBV infection may associate with IR and metabolic syndrome, by comparing
incidence of IR and prevalence of metabolic syndrome
between HBV-infected study participants and a healthy
control group.

CONCLUSION: Our study demonstrates that CVHB is
associated with IR. CVHB may need to be monitored
for occurrence of IR and diabetes mellitus.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Study subjects
This consecutive study conducted at the Center for
Health Promotion, Pusan National University Hospital
in Busan, South Korea. Data for this study were obtained
from 7880 Koreans (3851 men, 4029 women) who underwent a comprehensive medical examination between
January 2007 and September 2008. The study participants
were eligible if they met all of the following criteria: age
≥ 18 years, no history of diabetes and hypertension requiring medication, negative for anti-hepatitis C antibody,
serum aspartate aminotransferase or alanine aminotransferase (ALT) < 80 IU/L, serum gamma-glutamyl transferase (GGT) < 80 mg/dL, serum creatinine < 1.5 mg/
dL, prostate specific antigen < 5.0 ng/mL, a-fetoprotein
< 10.0 IU/mL, carcinoembryonic antigen < 5.0 ng/mL
(for smokers) or < 2.5 ng/mL (for non-smokers), WBC
count < 10 000/μL, and high sensitivity C-reactive protein (hs-CRP) < 1 mg/dL.

INTRODUCTION
Insulin resistance (IR) is the principal indication for development of metabolic syndrome and type 2 diabetes[1,2].
IR appears as a consequence of the inability of insulin
to induce the appropriate effect on glucose metabolism.
Inordinately large amounts of insulin are required to
achieve a normal response in a state of IR. A hyperinsulinemic state causes several clinical abnormalities to
appear in the blood vessels, kidneys, and liver, and these
represent the major features of metabolic syndrome[3].
Metabolic syndrome generally refers to a combination of metabolic diseases such as abdominal obesity,
high blood pressure, dyslipidemia and elevated blood
glucose, that appear together in an individual patient[1].
Because metabolic syndrome is recognized as a serious
risk factor for cardiovascular disease, prevention and
comprehensive management are important in treating
this condition[4].
Hepatitis B is one of the most common health problems and it is estimated that, of the world’s total population, one third (over 2 billion people) have been infected
with hepatitis B virus (HBV)[5]. Approximately two thirds
of chronic viral hepatitis B (CVHB) patients live in Asia
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Measurements
The health checkup which provided our study data included a physical examination, anthropometric measurements and blood tests. Height and weight were measured
to the nearest 0.1 cm and 0.1 kg using standard protocol
with subjects wearing a light gown and without shoes.
Body mass index (BMI) was calculated as weight (kg)
divided by height squared (m 2). Waist circumference
was measured at the narrowest point between the lower
border of the rib cage and the iliac crest, at the end of a
normal expiration of breath and to the nearest 0.1 cm.
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Percentage of body fat and total fat mass were measured
by bioelectric impedance analysis (Inbody 3.0, Biospace
Co, Ltd, Korea). Blood pressure was measured using the
right arm of subjects assuming a sitting position, and
after they had rested for at least 10 min. By use of an automated blood pressure measurement device (BP-203RV
Ⅱ, Colin Corp, Aichi, Japan). Medication history, alcohol
intake and smoking habits were obtained by patient interview. The questions relating to alcohol intake included
descriptions of the type of alcohol beverage consumed,
the weekly frequency of alcohol consumption, and the
amount consumed daily. Smoking status was classified as
either non-smoker or smoker (former or current). Blood
samples were obtained from an antecubital vein after
12 h fasting, typically between 8 and 9 AM. The blood
samples were subsequently analyzed at a certified laboratory at Pusan National University Hospital. Lipid profiles,
uric acid, and GGT concentrations were measured using
an autoanalyzer with the enzymatic colorimetric method
(Hitachi7600, Hitachi Ltd, Japan). Cystatin C was measured by turbidimetric immunoassay (HBI Co, Ltd, Korea) using the Modular Analytics E170 (Roche Diagnostics, Switzerland). Hs-CRP was measured using a Behring
Nephelometer (DadeBehring, Germany). Fasting plasma
glucose was measured by the glucose oxidase method
using a Synchron LX 20 (Beckman Coulter, Fullerton,
CA, United States). Fasting insulin was measured using a
radioimmunoassay (Diagnostic Product Corporation, Los
Angeles, CA, United States) with antibody-coated tubes.
The mean intra- and interassay coefficient of variation
(CV) values were 4.2% and 6.3%, respectively.
Hepatitis B surface antigen (HBsAg), hepatitis B surface antibody, and hepatitis B core antibody were measured by enzyme-linked immunosorbent assay (Bio Focus
Co, Ltd, Korea). Hepatitis B viral status was classified
into three groups (negative/recovery/CVHB), according
to serologic patterns. Insulin sensitivity was estimated using homeostasis model assessment (HOMA)-IR [fasting
insulin (μIU/mL) × fasting glucose (mg/dL)/405][20],
quantitative insulin check index (QUICKI) {1/[log glucose (mg/dL) + log insulin (μU/mL)]}[21,22] and Mffm
index (exp2.63 - [0.28 × ln(insulin)] - [0.31 × ln(triglycerides)])[23].

Table 1 Baseline characteristics of study subjects
Men
(n = 3851)

Women
(n = 4029)

Age (yr)
BMI (kg/m2)
Abdominal circumference (cm)
Percentage body fat (%)
Systolic BP (mmHg)
AST (IU/L)
ALT (IU/L)
GGT (IU/L)
Fasting plasma glucose (mg/dL)
Fasting insulin (μU/mL)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL-cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
high-sensitivity CRP (mg/dL)
TSH (μU/mL)
Uric acid (mg/dL)

48.9 ± 10.7
24.5 ± 2.8
86.5 ± 7.4
22.7 ± 5.1
126.3 ± 15.3
23.8 ± 8.6
26.8 ± 16.6
38.0 ± 20.1
91.6 ± 14.7
5.48 ± 3.49
196.3 ± 33.3
138.0 ± 80.9
50.8 ± 12.5
124.8 ± 29.5
0.15 ± 0.47
1.79 ± 1.79
5.88 ± 1.25

48.6 ± 10.4
23.5 ± 2.9
79.2 ± 8.4
30.1 ± 5.7
122.3 ± 15.4
20.9 ± 10.5
19.0 ± 11.5
20.0 ± 12.6
88.3 ± 14.1
4.64 ± 2.78
195.8 ± 35.2
103.8 ± 63.6
59.8 ± 14.1
121.0 ± 31.8
0.11 ± 0.37
2.29 ± 2.15
4.20 ± 0.91

Differences between men and women were statistically significant except
for age and total cholesterol (P < 0.05 by t test). BMI: Body mass index;
BP: Blood pressure; AST: Aspartate transferase; ALT: Alanine transferase;
GGT: Gamma-glutamyl transferase; HDL: High-density lipoprotein; LDL:
Low-density lipoprotein; CRP: C-reactive protein; TSH: Thyroid stimulating hormone.

Statistical analysis
To compare variables between groups, a t test and/or
one-way analysis of variance followed by a Scheffé post
hoc test or Kruskal-Wallis test were used as appropriate.
Pearson partial correlation coefficients were computed
to present the association between fasting plasma glucose concentration and other variables after adjustments
for age, gender and alcohol consumption. Using multiple
logistic regression analysis and adjusting for age, gender
and alcohol intake, we estimated the existence of any
independent association between IR and HBV status.
Statistical analysis was performed using SPSS 12.0 for
Windows. A P value of less than 0.05 was considered
statistically significant. All statistical tests were two-sided.

RESULTS
Baseline characteristics of study subjects
The subjects were classified as men (n = 3851) and women
(n = 4029), and their baseline clinical characteristics were
compared (Table 1). The mean age of men and women
were 48.9 years and 48.6 years, respectively. Age and total
cholesterol level were not statistically different between
men and women (P > 0.05). Men had significantly higher
results for BMI, abdominal circumference, systolic blood
pressure, aspartate aminotransferase, ALT, GGT, fasting
plasma glucose, insulin, triglycerides, low-density lipoprotein-cholesterol, hs-CRP, and uric acid (P < 0.001).

Definition of metabolic syndrome
The prevalence of metabolic syndrome reported in this
study was estimated using definitions proposed in 2005
by the American Heart Association/National Heart,
Lung, and Blood Institute (AHA/NHLBI)[24] and the International Diabetes Federation criteria[25] for the diagnosis of metabolic syndrome. We defined central obesity as
a waist circumference ≥ 90 cm in males and ≥ 85 cm in
females, according to geography-specific cut points for
waist circumference[26].
Ethical approval
All participants gave informed consent, and this study
was approved by the Institutional Review Board at Pusan
National University Hospital and is in accordance with
the Declaration of Helsinki (E2010-055).
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Variables

Metabolic characteristics according to hepatitis groups
The metabolic data of study participants are shown in
Table 2. In both men and women, subjects in the CVHB
group were significantly older with larger waist circum-
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Table 2 Means and frequencies of metabolic risk factors associated with hepatitis B virus status in men and women (mean ± SD)
Variables

Negative (n = 1292)

Recovery from hepatitis B (n = 1956)

44.4 ± 11.7
24.5 ± 2.9
86.0 ± 7.7
22.5 ± 5.7
126.4 ± 15.5
196.0 ± 33.2
142.8 ± 84.5
51.0 ± 12.7
0.96 ± 0.15
90.7 ± 15.3
5.47 ± 3.38
1.24 ± 0.86
0.386 ± 0.065
8.41 ± 2.43

51.4 ± 9.4
24.5 ± 2.7
86.5 ± 7.0
22.8 ± 4.6
126.3 ± 15.0
196.8 ± 33.1
135.6 ± 79.2
50.9 ± 12.8
0.98 ± 0.16
92.1 ± 14.4
5.29 ± 3.10
1.22 ± 0.80
0.386 ± 0.044
8.58 ± 2.31

50.8 ± 10.7
24.7 ± 2.9
87.3 ± 7.8
23.0 ± 5.0
126.1 ± 15.6
195.5 ± 34.5
135.2 ± 78.2
50.4 ± 11.4
1.02 ± 0.22
91.9 ± 14.4
6.12 ± 4.62
1.43 ± 1.24
0.385 ± 0.134
8.39 ± 2.63

0.000
0.493
0.004
0.094
0.922
0.680
0.029
0.602
0.000
0.039
0.000
0.000
0.922
0.072

45.9 ± 10.7
23.2 ± 3.0
78.3 ± 8.6
29.6 ± 6.8
121.3 ± 15.4
193.3 ± 35.4
102.0 ± 63.5
118.3 ± 31.6
0.84 ± 0.15
88.0 ± 14.6
4.57 ± 2.82
1.02 ± 0.76
0.401 ± 0.056
9.77 ± 2.62

50.9 ± 9.3
23.7 ± 2.7
79.8 ± 8.0
30.4 ± 4.6
123.0 ± 15.5
197.9 ± 35.0
106.4 ± 66.2
123.2 ± 31.8
0.87 ± 0.15
88.7 ± 13.7
4.62 ± 2.67
1.03 ± 0.67
0.398 ± 0.051
9.58 ± 2.53

51.6 ± 10.3
24.0 ± 2.9
80.5 ± 8.5
31.0 ± 4.9
124.5 ± 14.3
198.1 ± 34.3
100.3 ± 47.5
123.7 ± 31.7
0.90 ± 0.16
88.3 ± 12.9
5.06 ± 3.10
1.13 ± 0.87
0.392 ± 0.045
9.36 ± 2.25

0.000
0.000
0.000
0.000
0.000
0.000
0.061
0.000
0.000
0.357
0.010
0.033
0.013
0.006

Hepatitis B virus status in men
Age (yr)
Body mass index (kg/m2)
Waist circumference (cm)
Percentage body fat (%)
Systolic blood pressure (mmHg)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
HDL-cholesterol (mg/dL)
Cystatin C (mg/L)
Fasting glucose (mg/dL)
Fasting insulin (μU/mL)
HOMA index
QUICKI index
Mffm index
Hepatitis B virus status in women
Age (yr)
Body mass index (kg/m2)
Waist circumference (cm)
Percentage body fat (%)
Systolic blood pressure (mmHg)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
LDL-cholesterol (mg/dL)
Cystatin C (mg/L)
Fasting glucose (mg/dL)
Fasting insulin (μU/mL)
HOMA index
QUICKI index
Mffm index

Chronic hepatitis B (n = 603) P value

1

1

Analysis of variance except triglyceride (Kruskal-Wallis test). HDL: High-density lipoprotein; LDL: Low-density lipoprotein; HOMA: Homeostasis model
assessment; QUICKI: Quantitative insulin check index.

Table 3 Partial correlation coefficients of insulin sensitivity index to metabolic parameters after adjusting for age, gender, and alcohol consumption

FPG
Insulin
HOMA index
QUICKI index
Mffm index

BMI

WC

BFP

SBP

TC

TG

HDL-C

Cys-C

Uric acid

0.150
0.395
0.378
-0.254
-0.374

0.151
0.368
0.356
-0.243
-0.366

0.114
0.313
0.296
-0.217
-0.318

0.138
0.196
0.202
-0.132
-0.199

0.087
0.132
0.134
-0.106
-0.258

0.141
0.293
0.292
-0.205
-0.628

-0.102
-0.206
-0.202
0.164
0.386

-0.108
0.105
0.069
-0.044
-0.116

-0.010
0.168
0.142
-0.096
-0.203

BMI: Body mass index; WC: Waist circumference; BFP: Percent of body fat; SBP: Systolic blood pressure; TC: Total cholesterol; TG: Triglyceride; HDL:
High-density lipoprotein; Cys-C: Cystatin-C; FPG: Fasting plasma glucose; HOMA: Homeostasis model assessment; QUICKI: Quantitative insulin check
index. All correlation coefficients are statistically significant (P < 0.001).

ferences, and had higher percentages of body fat, cystatin C, fasting insulin, and HOMA index compared to
other groups. There were significant differences between
men in the CVHB group and negative group in terms
of fasting plasma glucose, but no significant differences
were observed for women. QUICKI (P < 0.05) and Mffm
index (P < 0.01) results were significantly lower for
women in the CVHB group.

P < 0.001), percent body fat (r = 0.296, P < 0.001), systolic blood pressure (r = 0.202, P < 0.001), total cholesterol
(r = 0.134, P < 0.001), triglycerides (r = 0.292, P < 0.001),
cystatin C (r = 0.069, P < 0.001) and uric acid (r = 0.142,
P < 0.001) (Table 3). QUICKI and Mffm index produced
a negative correlation with BMI, waist circumference,
percent body fat, systolic blood pressure, total cholesterol,
triglycerides, cystatin C, and uric acid (P < 0.001).

Correlation of insulin sensitivity index with metabolic
factors
The HOMA index revealed a positive correlation with
BMI (r = 0.378, P < 0.001), waist circumference (r = 0.356,

Association of insulin resistance and chronic hepatitis B
For the presence of IR, adjusted odds ratios for the
CVHB group was 1.534 (95%CI: 1.158-2.031, HOMA
index criteria) or 1.566 (95% CI: 1.124-2.182 in QUICKI
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Table 4 Logistic regression analysis with insulin resistance as a dependent variable
Variables

Insulin resistance
HOMA index criteria

Age (yr)
Gender
Men
Women
Body mass index (kg/m2)
Alcohol consumption (kcal)
Hepatitis B virus status
Negative
Recovery from hepatitis B
Chronic hepatitis B

QUICKI criteria

β

SE

Odds ratio (95% CI)

β

SE

Odds ratio (95% CI)

0.009

0.005

1.009 (0.999-1.019)

0.016

0.006

1.016 (1.005-1.028)

0.487

0.109

0.452

0.131

0.316
0.000

0.017
0.000

1.627 (1.314-2.015)
1.000
1.372 (1.328-1.417)
1.000 (0.999-1.000)

0.347
0.000

0.020
0.000

1.571 (1.215-2.031)
1.000
1.746 (1.663-1.833)
1.000 (0.999-1.000)

-0.027
0.428

0.112
0.143

1.000
0.974 (0.782-1.212)
1.534 (1.158-2.031)

-0.075
0.449

0.135
0.169

1.000
0.928 (0.712-1.210)
1.566 (1.124-2.182)

HOMA: Homeostasis model assessment; QUICKI: Quantitative insulin check index.

criteria) (Table 4). Adjusting factors included age, gender,
BMI and amount of alcoholic consumption.

early screening of high risk groups is very important to
successful health promotion. The gold standard parameter for determining insulin sensitivity is the hyperinsulinemic euglycemic clamp technique. The HOMA model[20],
QUICKI[21], and Mffm index[23] used in this study show
good correlation with the clamp technique and are easily
utilized in primary practice.
Previous studies have proposed association of HBV
infection and IR. One previous, retrospective study proposed that maternal HBsAg carrier status was a risk
factor for development of gestational diabetes[32]. Sangiorgio et al[33] also reported increased frequency of HCV
and HBV infection in type 2 diabetic patients. One study
reported concordant results using the HOMA model
that concluded that hyperinsulinemia occurs in chronic
viral hepatitis B and hepatitis C[13]. However, another previous study reported that HBV carriers were not associated with IR[34]. But that study had limitations due to
small number of study subjects and high prevalence of
fatty liver disease in the subjects.
The mechanism IR plays in CVHB infection remains
unknown. There are four proteins that originate from
the HBV genome including polymerase, a surface protein, a core protein, and the HBx protein. Among these
proteins, HBx may be most closely associated with hepatic steatosis, inflammation, and HBV-related disease[34].
Previous reports proposed that hepatic steatosis and
systemic inflammation are associated with IR[35]. HBx
protein can induce hepatic steatosis and inflammation,
thus CVHB infection is possibly associated with an
impaired insulin signaling pathway[36]. A recent report
concluded that chronic inflammation had effect on IR[37].
HBV may induce activation of proinflammatory cytokines TNF-α, interleukin (IL)-6, and IL-1β associated
with fat accumulation[29]. Hepatic steatosis has already
been demonstrated to be related to IR, and this association has been clearly identified in HCV infection. HCV
proteins present due to infection may also disturb the
insulin signaling pathway. IR with chronic hepatitis C has
also been related to steatosis development and fibrosis
progression[13-15].

DISCUSSION
In this study, CVHB was observed to be associated with
IR in subjects free of prior diabetes mellitus. CVHB
independently predicted a clinically significant increase
in the odds ratio for the development of IR. These results indicate that patients with CVHB may need to be
carefully monitored for occurrence of IR and diabetes
mellitus. As the present study reports basic data on the
association between CVHB and IR in a large community
population, these findings support previous proposals
that CVHB infection is related to IR.
HBV is the prototype member of a steadily growing
family of viruses called hepadnaviruses[27]. It is a partially double stranded virus that uses reverse transcriptase
in its replication cycle. CVHB infection is a common
health issue in Asia and the Pacific Islands. In Korea,
approximately 3.7% of total population are affected in
chronic hepatitis B[28]. Most were infected directly from
their mother during birth or through contact between
children. CVHB infection may increase the occurrence
of hepatic fibrosis, liver cirrhosis, and hepatocellular carcinoma[29]. In addition, CVHB infection is related to diseases such as PAN, GN, and arthritis[7-9]. Moreover, there
is experimental evidence that CVHB infection increases
the appearance of both IR and associated diabetes mellitus. A recent animal study suggested that HBx impairs
the insulin signaling pathway[12]. These findings provide
the basis of a hypothesis for mechanism and are consistent with our study results.
IR is assumed to be caused by an inadequate glucose
metabolism capacity which leads to more insulin to be
secreted to achieve the same biologic response[30]. Hyperinsulinemia may induce a large variety of abnormalities in blood vessels, kidneys, and muscles, and is the
major pathogenesis associated with metabolic syndrome.
Diabetes mellitus and metabolic syndrome are also independent risk factors for atherosclerotic disease[31]. Thus,
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The strength of this study was inclusion of healthy
volunteers, which provided greater validity compared to
hospital-based or institutional based populations. Other
strengths included the large sample size, characterization
of multiple confounders that influence IR, and the availability of 3 IR index or insulin sensitivity markers which
are validated and widely used, and were also used for
determining the degree of IR in previous studies.
This study had several limitations. Because of the
cross-sectional nature of this study, it was difficult to prove
a causal relationship between HBV infection and IR.
Also, our results may not be able to be generalized to
other ethnic groups because the present study was conducted exclusively using ethnic Koreans. A weakness in
terms of clinical data is that daily variability of insulin
within individuals is high, and a single, daily sample may
not accurately characterize the actual level. Moreover,
there are numerous other factors that influence IR such
as condition of skeletal muscles, engagement in physical
activity, and severity of liver injuries. Future studies that
overcome these limitations are needed to confirm our
findings.
In conclusion, CVHB may be associated with IR as
identified by HOMA-index, QUICKI, and Mffm index
results. These findings should be explored further.

This study investigated the association of insulin resistance and chronic viral
hepatitis B. The authors evaluated a numerous population of HBV infected
patients and compared their metabolic features with control group. This manuscript reinforce further evaluations on a real clinical impact of this association.
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BRIEF ARTICLE

Treatment of functional dyspepsia with sertraline:
A double-blind randomized placebo-controlled pilot study
Victoria PY Tan, Tin K Cheung, Wai M Wong, Roberta Pang, Benjamin CY Wong
included in the per protocol (PP) analysis. In both the
ITT and PP, there was no difference in the primary
outcome of global dyspepsia symptoms between the
sertraline and placebo groups at week 8. In the ITT
analysis, 98 and 95 patients were randomized to the
sertraline and placebo groups respectively. A total of
43 patients withdrew from the study (22.3%) by week
8, with 23 of the 24 drop-outs in the sertraline group
occurring prior to week 4 (95.8%). In contrast, in the
placebo arm, 11 of 19 patients dropped out by week 4
(57.9%). Utilizing the last response carried forward to
account for the drop-outs, there were no differences
between the sertraline and placebo groups at baseline
in terms of the HKDI, HKDI 26.08 ± 6.19 vs 26.70 ±
5.89, P = 0.433; and at week 8, HKDI 22.41 ± 6.36 vs
23.25 ± 7.30, P = 0.352 respectively. In the PP analysis, 74 and 76 patients were randomized to the sertraline and placebo groups respectively. At baseline, there
were no statistically significant differences between
the sertraline and placebo groups, HKDI 25.83 ± 6.313
vs 27.19 ± 5.929 respectively, P = 0.233; however by
week 8, patients in the sertraline group demonstrated
a statistically significant difference in their Hong Kong
Dyspepsia Index compared to placebo, HKDI 20.53 ±
6.917 vs 23.34 ± 7.199, P = 0.02, respectively). There
was also no statistically significant difference in overall
quality of life measures or the HAD scale related to
treatment in either the ITT or PP analysis at week 8.
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Abstract
AIM: To evaluate sertraline, a selective serotonin reuptake inhibitor in the treatment of patients with functional dyspepsia.
METHODS: Consecutive tertiary hospital patients with
a clinical diagnosis of functional dyspepsia (FD) according to the Rome Ⅱ criteria with a Hong Kong dyspepsia index (HKDI) of greater than 16 were recruited.
Patients commenced enrolment prior to the inception
of the Rome Ⅲ criteria for functional dyspepsia. All
patients were ethnic Chinese, had a normal upper endoscopy and were Helicobacter pylori negative prior to
enrolment. Study patients were randomized to receive
sertraline 50 mg or placebo daily for 8 wk. HKDI symptom scores, quality of life, hospital anxiety and depression (HAD) scale and global symptom relief were
evaluated before, during and after treatment. Adverse
effects were monitored during and after treatment.

CONCLUSION: This pilot study, the first to examine
sertraline, a selective serotonin reuptake inhibitor, for
the management of FD, did not find that it was superior to placebo.
© 2012 Baishideng. All rights reserved.

Key words: Dyspepsia; Chinese; Gastrointestinal diseases; Drug therapy; Sertraline; Selective serotonin reuptake inhibitors

RESULTS: A total of 193 patients were randomized
in the intention to treat (ITT), and 150 patients were
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reuptake inhibitors (SSRIs) are more commonly used in
clinical practice because of their safer side-effect profile.
The precise mechanism of action of SSRIs in the treatment of depression is not fully understood. However,
long-term treatment with SSRIs has been reported to
down regulate the serotonin transmitter responsible for
serotonin reuptake as well as serotonergic receptors[24],
which may down regulate visceral hypersensitivity.
An open label study found that the SSRI, fluoxetine,
was superior to no treatment in depressed patients with
FD, however had methodological flaws including the open
label nature of the study[25]. To date, there are no published randomized controlled studies on the effect of sertraline for the treatment of FD. We performed a doubleblind, randomized, placebo-controlled trial consisting of
8 wk of therapy in Chinese patients with FD. We aimed
to assess the efficacy of SSRI in the treatment of FD and
to identify potential responders to SSRI therapy in subgroups of patients with dyspepsia as their chief symptom.

ogy, University of Bologna, Policlinico S.Orsola-Malpighi,
Via Massarenti 9, 40138 Bologna, Italy; Dr. György M Buzás,
Department of Gastroenterology, Ferencváros Health Center,
District Policlinic, 1095 Budapest, Hungary; Mauro Bortolotti,
MD, Professor, Department of Internal Medicine and Gastroenterology, University of Bologna, Via Massarenti 48, 40138
Bologna, Italy
Tan VPY, Cheung TK, Wong WM, Pang R, Wong BCY.
Treatment of functional dyspepsia with sertraline: A doubleblind randomized placebo-controlled pilot study. World J
Gastroenterol 2012; 18(42): 6127-6133 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i42/6127.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i42.6127

INTRODUCTION
Functional dyspepsia (FD) is defined as persistent or
recurrent pain and/or discomfort centered in the upper
abdomen for at least 12 wk in the preceding 12 mo according to the Rome Ⅱ criteria in the absence if structural disease[1]. The Rome Ⅲ criteria, published in 2006,
further refines FD into epigastric pain syndrome and/or
postprandial distress syndrome with the criteria fulfilled
in the last 3 mo with symptoms onset at least 6 mo prior
to diagnosis, again in the absence of structural disease[2,3].
The prevalence of dyspepsia in the Asia Pacific region
varies from 10% to 20%, with a FD prevalence of
7.9%-12% which is lower than that seen in the west[4-6].
FD or non-ulcer dyspepsia is a significant cause of morbidity and work-related productivity lost[7]. The pathogenesis of FD is not known. A number of studies have
shown an important role of psychological factors in the
pathogenesis of this condition[8-10]. We have demonstrated previously that anxiety and depression are important
co-factors in its pathogenesis[11]. There is no definitive
treatment for this condition. Acid suppression therapy
has been shown to be ineffective for the treatment of
this condition in Chinese patients[12] despite benefit of
proton pump inhibitor therapy in patients with ulcer-like
and reflux like dyspepsia[13]. Helicobacter pylori (H. pylori)
eradication confers only small benefit relative to placebo[14] and studies of itopride, a dopamine D2 antagonist
with acetyl cholinesterase effects although initially promising, conferred no benefit in a subsequent and larger
study[15,16]. Visceral hypersensitivity appears to be important in the pathogenesis of FD, as evidenced by a small
study utilizing capsaicin to generate a desensitization of
gastric nociceptive C fibers[17]. Similarly, antidepressants
were investigated in FD for their ability to modulate visceral hypersensitivity[18]. Earlier antidepressant therapy
studies demonstrated some effectiveness in the treatment of functional gastrointestinal symptoms, however a
recent student utilizing venlafaxine (a selective serotonin
and noradrenaline reuptake inhibitor) did not show any
benefit[19-23]. In terms of antidepressants studied in FD,
tricyclic compounds are the class of antidepressants best
studied for this application, however selective serotonin

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patient enrollment
Consecutive patients referred to the Department of
Medicine, Queen Mary Hospital, Hong Kong between
June 2002 and June 2008 were screened for enrolment.
FD was defined as persistent or recurrent dyspepsia (pain
or discomfort centered in the upper abdomen) with no
evidence of organic disease, chronic severe constipation,
or irritable bowel syndrome to explain the symptoms,
for at least 12 wk, which need not be consecutive, within
the preceding 12 mo, in accordance with the Rome Ⅱ
criteria[26]. The Rome Ⅲ criteria for FD had not yet been
conceived when the study was commenced[3]. Patients
aged 18-80 years with symptoms of dyspepsia within two
weeks prior to the endoscopy visit were eligible for the
study. Informed written consent was obtained from all
patients. Patients were also required to have a dyspepsia
score of greater than 16 by our validated questionnaire[27]
and have had no prior investigations performed for this
episode of dyspepsia within the 6 mo prior to the study.
All enrolled patients were ethnic Chinese. Exclusion
criteria included patients who were pregnant or breast
feeding, had a history of alcohol or drug abuse; recent
malignancy or significant medical illnesses or concurrent
medication, which may interact with or contra-indicate
the use of sertraline. Patients with a history of or current
anti-depressant use were excluded. Patients with classical
heartburn or acid regurgitation as their only symptom
without epigastric discomfort or pain were also excluded
to avoid recruitment of patients with non-erosive gastrooesophageal reflux disease. All patients had normal upper
endoscopy. The study was approved by the Institutional
Review Board of the University of Hong Kong/Hospital
Authority Hong Kong West Cluster (EC 1774-02).
Study protocol
Patients were randomized to receive either sertraline 50
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mg or placebo once daily for eight weeks. Randomization was performed by drawing a sealed envelope that
contained a pre-assigned randomized treatment generated by computer on entry to the study. Both the investigators and patients were blinded to the assigned treatment
throughout the study. The sertraline and placebo capsules were identical in appearance. Patients were given a
diary in which they recorded side effects and symptoms
during therapy. After enrolment by gastroenterologists,
patients returned for follow up at four and eight weeks
where one of two gastroenterologists assessed their
symptoms and quality of life.
Dyspepsia symptoms were assessed by a locally validated dyspepsia questionnaire, the Hong Kong dyspepsia
index (HKDI) which consisted of 12 questions (epigastric
pain, upper abdominal bloating, upper abdominal dull
ache, epigastric pain before meals, epigastric pain when
anxious, vomiting, nausea, belching, acid regurgitation,
heartburn, feeling of acidity in the stomach, loss of appetite) graded on a five point Likert scale as follows: 1 (none),
no symptoms; 2 (mild), symptoms can be easily ignored;
3 (moderate), awareness of symptoms but easily tolerated;
4 (severe), symptoms sufficient to cause interference with
normal activities; and 5 (incapacitating), incapacitating
symptoms with an inability to perform daily activities and/
or require days off work. Test-retest reproducibility and
internal consistency were good, with an intra-class correlation coefficient of 0.89 and Cronbach’s alpha coefficient
of 0.90. A cut off score of ≥ 16 was discriminative
between controls and dyspeptic patients. Moreover, the
HKDI score was significantly correlated to patients who
reported a subjective improvement in symptoms and
those who reported no change or worsening after therapeutic intervention (Kendall’s tau = 0.21, P = 0.02)[27].
Patients were then sub-classified into four dyspepsia
subgroups according to their predominant symptoms: (1)
ulcer-like dyspepsia-predominant epigastric pain; (2) dysmotility-like dyspepsia-predominant discomfort that may
be characterised by upper abdominal fullness, early satiety,
bloating, or nausea; (3) reflux-like dyspepsia-predominant
reflux symptoms (heartburn or acid regurgitation); and (4)
unspecified-symptoms do not fulfill the criteria for ulcerlike, dysmotility-like, or reflux-like dyspepsia. Although
reflux-like dyspepsia was discarded in the Rome Ⅱ criteria, we felt that a certain proportion of patients with FD
still belong to that particular subgroup and there is considerable overlap between FD and non-erosive or negative endoscopy reflux disease[28,29]. Furthermore, inclusion
of reflux-like dyspepsia allows comparison with previous
randomized controlled trials[30].
Quality of life was assessed by a locally validated
questionnaire [Chinese translated form of 36-item shortform (SF-36)][31]. The SF-36 consisted of 36 items to
measure eight aspects of psychological general well being
(physical functioning, role physical, bodily pain, general
health, vitality, social functioning, role emotional, and
mental health). A generic quality of life instrument was
utilized to assess general well being as at the commence-
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ment of this study, there were no dyspepsia specific
quality of life questionnaires validated in the Chinese
language. The symptoms pertaining to anxiety and depression were assessed by the hospital anxiety and depression (HAD) scale questionnaire which consists of 14
questions. Finally, subjective global symptom relief was
graded by patients, from a scale of 1 to 5, representing
the spectrum from complete resolution of symptoms to
worsening of symptoms, respectively.
Study intervention: Sertraline
The SSRI utilized in this study was sertraline (Zoloft,
Pfizer Corporation) at a dose of 50 mg orally daily. Study
participants were provided with pre-sealed boxes containing either sertraline or placebo and were asked to take a
capsule per day for 8 wk in total. Patients were provided
with a 4 wk supply of capsules and were contacted weekly
to ensure compliance with treatment. Patient compliance
was checked by counting returned study medications.
Subjects who took less than 75% of the study medication
were excluded from the final per protocol (PP) analysis.
Statistical analysis
Mean dyspepsia score, the eight aspects of the SF-36
scores and the two HAD scores before and after treatment were collected on Excel (Microsoft) databases in
the two treatment groups. The change in mean HKDI,
SF-36 and HAD scores from baseline, at the four and
eight week visit were calculated and compared between
the sertraline and the placebo groups. Patient diaries, detailing the presence and severity of symptoms, were also
compared between groups at weeks 4 and 8. The primary end point was defined as an improvement in clinical
symptoms at week 8. Secondary endpoints included an
improvement or resolution of the clinical symptoms, or
an improvement in any of the scales including HKDI,
SF-36 or HAD at week 8. Continuous variables were
expressed as mean ± SD, and categorical data expressed
as percentages. Continuous variables were compared using Student’s t tests. Categorical variables were compared
using Fisher exact or χ 2 tests as appropriate. The MannWhitney test was used for data with a skewed distribution. The intention to treat (ITT) analysis included all
patients who had taken at least one tablet. In the PP
analysis, patients with poor drug compliance (< 75%
intake of any study drugs) and drop outs (due to adverse
effects) were excluded. Multiple logistic regression analysis was performed to determine independent factors (age,
sex, H. pylori status, smoking, alcohol intake, dyspepsia
duration, predominant symptoms, and type of treatment
given) associated with treatment response.
All calculated P values were two-sided and P values
< 0.05 were considered statistically significant. Statistical
analysis was performed using SPSS Ver. 16.0 for Windows (SPSS Inc., Chicago, IL, United States).
Power of the study
This was a pilot study, so assuming a placebo response
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Figure 1 Study patient flow chart.

Enrollment

Assessed for eligibility (n = 193)

Randomized (n = 193)
Sertraline

Allocation

Allocated to intervention (n = 98)
Received allocated intervention (n = 98)

Follow-up

Discontinued intervention (n = 24)

Analysis

Placebo

Analyzed (n = 74)
Excluded from analysis (n = 24)

Allocated to intervention (n = 95)
Received allocated intervention (n = 95)

Discontinued intervention (n = 19)

Analyzed (n = 76)
Excluded from analysis (n = 19)

41.4 years). Mean age, sex distribution, smoking history,
alcohol consumption and H pylori positivity at baseline
were similar between the treatment groups (Table 1).
Baseline mean HKDI score, SF-36 and HAD scales in
the PP analysis (Table 2) assessments were similar between the treatment groups.

Table 1 Demographics of study patients
Sertraline
Number of patients
Age (yr)
Sex (male)
Current smokers (%)
Alcohol (%)
H. pylori positive (%)
NSAID use (%)
Predominant symptom n (%)
Ulcer like
Dysmotility like
Reflux like
Non-specific

Placebo

98
43.0
27
3.2
6.2
8.4
3.1

95
41.6
27
7.3
8.3
7.3
2.6

17 (44.7)
60 (49.2)
8 (57.1)
13 (68.4)

21 (55.3)
62 (51.8)
6 (42.9)
6 (31.6)

P value
0.515
1.000
0.122
0.295
0.843
1.000

Dyspepsia scores
In the PP analysis at week 8, 28.4% vs 27.6%, of patients
experienced complete resolution of their dyspepsia
symptoms, whilst 64.9% vs 59.2% of patients experienced no difference in their dyspepsia symptoms in the
sertraline and placebo groups (P = 0.511 for difference
between the two cohorts) respectively. Sub group analysis
for complete response at weeks 4 and 8 was also unrevealing. Complete response was similar between the treatment groups at weeks 4 and 8.
In the PP analysis the baseline mean HKDI score
was 25.83 (SD = 6.313) and 27.19 (SD = 5.929) for sertraline and placebo arms respectively (P = 0.233). Mean
HKDI score improved in all groups at week 4 compared
to baseline. HKDI score in the sertraline group improved the most but was not statistically significant. By
week 8, the sertraline group had a mean HKDI score
of 20.53 (SD = 6.917), whilst the placebo group’s mean
dyspepsia score was 23.34 (SD = 7.199), (P = 0.02). The
change in HKDI between week 0 to 8 was 5.3 and 3.85
in the treatment and placebo groups respectively (P <
0.001 for both sertraline and placebo groups). There
were no consistent significant differences in the parameters of the quality of life assessment and the HAD scale
at week 8 (Table 2).
For the ITT analysis, where the method utilized was
the last response carried forward, the mean HKDI at
week 0 was 26.08 and 26.70 (SD = 6.19 and 5.89, P =
0.433) for sertraline and placebo cohorts respectively. Although improvement of the HKDI was seen at weeks 4
and 8, the results were not statistically significant at (HKDI
week 8 = 22.41 and 23.25, SD = 6.36 and 7.30 for sertraline and placebo respectively, P = 0.352). Again, there was
no consistent significant differences in the parameters
of quality of life assessment, HAD scale or complete responses at week (data not shown).

H. pylori: Helicobacter pylori; NSAIDs: Non-steroidal anti-inflammatory drugs.

rate of 25%-30%, a drug response rate of 30 % above
placebo and a drop out rate of 20%[11], 166 patients will
be needed to demonstrate 95% confidence interval with
power of 0.8 and alpha of 0.05 (i.e., 166 patients with
dyspepsia with 83 patients in each arm). It was aimed to
recruit 190 patients.

RESULTS
Baseline demographics
We recruited 193 eligible patients (patients for the ITT
analysis). A total of 98 patients were randomized to receive sertraline 50 mg and 95 patients were randomized
to receive placebo (Figure 1).
All recruited patients were ethnic Chinese. Baseline
characteristics of the patients in the two treatment groups
are given in Table 1. 75.5% and 80% of patients took
more than 75% of the medications in the sertraline and
placebo groups, respectively. Poor compliance patients,
those who refused follow up, and those who discontinued treatment because of adverse events were excluded
from the PP analysis (n = 150).
Baseline characteristics of the patients and their dyspepsia subtypes are listed in Table 1. Mean age of these
patients was 42.4 years (range: 18-71 years) with a median
dyspepsia score of 26.5 (range: 17-46). There were 54
males (mean age 45.2 years) and 139 females (mean age
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Table 3 Default patient profile n (%)

Table 2 Dyspepsia index, 36-item short-form score and hospital anxiety scale results
Week 0 P value Week 4 P value Week 8 P value
Mean dyspepsia score
Sertraline
25.83
Placebo
27.19
SF36-physical functioning
Sertraline
81.79
Placebo
83.11
SF36-role physical
Sertraline
57.91
Placebo
52.11
SF36-bodily pain
Sertraline
49.10
Placebo
41.06
SF36-general health
Sertraline
33.76
Placebo
32.54
SF36-vitality
Sertraline
47.69
Placebo
46.76
SF36-social function
Sertraline
67.75
Placebo
67.68
SF36-role emotional
Sertraline
51.82
Placebo
50.75
SF36-mental health
Sertraline
58.12
Placebo
58.59
HAD scale
Anxiety score
Sertraline
14.27
Placebo
13.88
HAD scale
Depression score
Sertraline
15.51
Placebo
14.84

0.124

22.59
22.94

0.740

20.53
23.34

0.02

0.585

79.30
81.63

0.39

75.61
80.39

0.15

0.30

52.62
57.87

0.40

52.70
62.17

0.22

0.002

54.22
53.78

0.89

53.97
51.63

0.50

0.65
0.57

39.06
41.85
47.91
48.88

0.34
0.73

35.39
34.72
49.05
50.33

0.96

68.41
69.74

0.73

0.85

53.49
54.19

0.90

52.70
51.32

0.85

0.83

54.89
61.57

0.03

65.24
64.37

0.69

0.90

14.29
13.68

0.14

13.58
13.66

15.50
15.56

0.88

14.27
13.70

24
19

7 (16.3)
11 (25.6)

14 (32.6)
8 (18.6)

3 (7)
0 (0)

DISCUSSION
We have reported a double-blind, randomized, placebocontrolled pilot study of sertraline 50 mg vs placebo for
the treatment of FD. We found that there was a statistically significant improvement in the mean HKID score at
week 8 in the sertraline group compared to the placebo
group in the PP but not the ITT analysis. There were also
no differences in measures of quality of life, depression
and anxiety and subjective global symptom resolution.
This study is a pilot study examining the effect on
sertraline in patients with FD. The sertraline dose that
was administered is a clinically relevant dose (the initial
treatment dose for depression and obsessive-compulsive
disorder and in some studies, depression)[32]. The trial
duration of 8 wk seems adequate given that a steadystate plasma sertraline level is expected after 1 wk with
once daily dosing and the beneficial effects of antidepressants in functional gastrointestinal disorders are
often observed after shorter treatment duration than in
depression[33]. However, longer term follow-up may yield
more significant results given that individual responses
to sertraline can vary and up to 12 wk may be required
to see the full onset of action. Furthermore, although
the dosage of sertraline utilized was appropriate for the
reasons cited above, several studies have indicated that
due to ethnic differences, Chinese patients may tolerate
lower doses better[33,34].
One of the limitations of the study is the drop out
rate, 17.6% at week 4 and 22.3% at week 8. Our drop

0.41

0.45

HAD: Hospital Anxiety and Depression Scale; SF36: 36-item short-form.

Adverse events
At week 8, a total of 43 patients (24 on sertraline and 19
on placebo) discontinued treatment. The main reasons
for discontinuation of the study medication were drug
side effect (41.2%), no reason given (41.9%) or other
reason which included the development of conditions
for which sertraline could interfere with prescribed treatment (7%) (Table 3). Of particular interest is the pattern
of withdrawal from the study, 23 of 24 patients withdrawing from the sertraline group did so before week 4,
representing 95.8% of all drop-outs from the sertraline
group. By contrast, in the placebo group, approximately
half of the patients withdrew prior to week 4 (57.9%),
whilst the other half withdrew prior to week 8. Patients
experiencing drug adverse effect were noted to have
multiple symptoms including insomnia, constipation and
agitation, however there was no significant difference in
the rate of adverse effects experienced by the two cohorts. Nine percent of all study patients withdrew from
the study without explanation (were lost to follow up).

WJG|www.wjgnet.com

23
11

Reason for default week 8
1
No reason Adverse effect Other
1
1
given
of drug

Factors associated with response
Age, sex, H. pylori status, smoking, alcohol consumption,
and dyspepsia duration were not associated with response
to sertraline. Multiple logistic regression analysis did not
identify any independent predictors of favorable outcome.
A post hoc analysis comparing reflux like dyspepsia
vs all other types of dyspepsia showed similar results to
the PP analysis, in the non reflux like group the HKDI
was 25.70 and 27.00 at week 0, whilst at week 8, HKDI
was 20.85 and 23.42 respectively (P = 0.004). Similarly,
the SF 36, HAD scales and complete response rates did
not show any statistically significant differences (data not
shown). In the reflux like group where n = 14, HKDI
was 28.88 and 28.00 at week 0, and at week 8, HKDI
was 21.00 and 23.80 (P = 0.426).

0.68

72.38
72.19

Default
week 8

1
Represents percentage of all default patients; P = 0.259 for drug adverse
effect between sertraline and placebo groups.

0.84

0.98

0.52

Sertraline
Placebo

Default
week 4
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out rates are similar to those observed when antidepressants are utilized in functional gastrointestinal disorders[35]. There are many factors which could account for
the drop out rate in our study. Sertraline’s known side
effects include sleep disturbance, headache, tremors, agitation and gastrointestinal upset[24]. In our study, adverse
drug effect was the cause of study withdrawal in 41.2%
of cases. Interestingly, of the patients who dropped
out, 41.9% withdrew from the study without giving a
reason. Multiple studies have indicated a cultural bias in
the Chinese population against a diagnosis of psychiatric
or functional disorders[36-38] and the authors hypothesize
that the cultural stigma attached to treatment for a functional disorder with a known anti-depressant would contribute significantly to the drop out rate. Furthermore,
the majority of the drop outs in the sertraline group occurred at week four, which could possibly be explained
by the short term side effects of sertraline usually seen
during the run in period of SSRIs[39] which could be
mitigated by more intensive support and education during the first few weeks of treatment.
Another limitation of the study is the failure to discern a difference in the generic quality of life measures
utilized between the sertraline and placebo cohorts. This
may ostensibly be a reflection of the fact that generic
quality of life instruments are not sensitive enough to detect changes in overall well being in patients with FD particularly with treatment[40]. This has been seen with other
gastrointestinal disorders and has resulted in the development of disease specific quality of life instruments[41,42].
Finally, the most important limitation of the study is
the failure to find a difference in global symptom scores
in the ITT analysis, and only a small difference in the
HKDI, but not global symptoms score in PP analysis.
The authors believe this small finding suggests a possible
benefit of sertraline in patients with FD, but perhaps this
study was under-powered to detect this difference due
to the unexpectedly high dropout rate, particularly in the
first 4 wk when SSRI adverse effects are at their maximal,
and for this reason warrants further larger studies utilizing sertraline to clarify the issue. We assert that our findings are important given that clinicians not uncommonly
are utilizing SSRIs to treat FD despite the fact that to
date, our study included, there is no strong justification
for its use[43].
In conclusion, our data suggest that an SSRI, sertraline was not superior to placebo for the management of
FD in Chinese patients. Further studies are warranted to
confirm these results as this study was likely under powered to determine an effect in the context of a higher
than expected drop out rate and there is a suggestion
that with more support, a longer follow up period, and
perhaps a reduction in the dose of sertraline in Chinese
patients an effect may be seen.
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RESULTS: Sixty patients admitted between June 2008
and October 2011 were eligible for this study, including
22 in TACE group and 38 in control group. In the TACE
group, 12 (54.5%) achieved liver partial response, 5
(22.7%) had stable disease, and 5 (22.7%) had liver
progressive disease. Disease control rate of liver metastases was 77.3% in the TACE group and 39.5% in
the control group. The median liver PFS in TACE group
was 47.1 wk (95% CI: 23.9-70.3). The median PFS in
TACE group was longer than in control group (30.0 wk,
95% CI: 20.1-39.9 vs 12.9 wk, 95% CI: 11.9-13.9) (P
= 0.0001). The median overall survival in TACE group
was also longer than in control group (68.5 wk, 95%
CI: 57.4-79.6 vs 25.7 wk, 95% CI: 23.2-28.2) (P =
0.0001). TACE treatment signiﬁcantly reduced the risk
of death (hazard ratio: 0.109). Patients without extrahepatic metastases treated with TACE had significantly
better prognosis. Most of the adverse events were of
grade 1 or 2 and tolerable.

Abstract

CONCLUSION: TACE is effective and well tolerated in
GIST patients with liver metastases after TKI failure,
and it may be an optional treatment for this disease.

AIM: To evaluate the efficacy and safety of transcatheter arterial chemoembolization (TACE) for gastrointestinal stromal tumor (GIST) with liver metastases after
the failure of tyrosine kinase inhibitors (TKIs).

© 2012 Baishideng. All rights reserved.

METHODS: Patients with histologically confirmed
CD117-positive GIST with liver metastases who were
resistant and/or intolerant to prior imatinib and/or
sunitinib and who received TACE for at least one treatment cycle or only best supportive care and TKI reintroduction were eligible for the study. The patients
were divided into two groups: those in TACE group
received TACE treatment containing 5-20 mL iodized
oil and 40-80 mg doxorubicin hydrochloride and TKI
reintroduction or best supportive care, those in control
group only received TKI reintroduction or best supportive care. The primary end-point was overall survival
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and clinicopathological information was retrospectively
obtained from the patient records: gender, age, extent of
liver disease, and extrahepatic metastases.

from: URL: http://www.wjgnet.com/1007-9327/full/v18/
i42/6134.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i42.6134

Treatment: Data of TKI reintroduction and TACE
treatment, including dose of TKI, interval between TKI
and TACE, TACE procedure, and cycles of TACE, were
collected.

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal
(GI) tract and account for about 2% of gastrointestinal
tract tumors[1,2]. Tyrosine kinase inhibitors (TKIs) imatinib and sunitinib have demonstrated efficacy against
GISTs, and are referred to as the first- and second-line
therapeutic drugs[3-5]. However, resistance to such kind
of TKIs remains a substantial problem. Around 4%-5%
patients showed evidence of primary resistance and
nearly half of the patients will experience secondary resistance within two years[4,6,7]. At present, there is still no
standard treatment for metastatic GIST after imatinib
and sunitinib failure. The National Comprehensive Cancer Network (NCCN) guideline (2010)[8] recommended
considering reintroduction of a TKI for palliation of
symptoms in patients with GIST progression despite
prior imatinib and sunitinib.
Liver is the most common site of metastasis from
GISTs, with a reported incidence of 55%-72% in patients with recurrence, and metastatic liver disease is a
major determinant of patient survival[9,10]. Some studies[11-14] have shown favorable results of transcatheter
arterial chemoembolization (TACE) for GIST with liver
metastases. However, there are few studies about the role
of TACE in the treatment of GIST patients after TKIs
failure, moreover, there is no control study comparing
TACE with best supportive care (BSC) and/or TKI reintroduction. Herein we retrospectively analyzed the survival benefit of TACE, BSC and/or TKI reintroduction
in the patients with liver metastatic GISTs treated in the
Peking University Cancer Hospital when resistance and/
or intolerance occurred to imatinib and/or sunitinib.

Follow-up: Overall survival (OS) and progression-free
survival (PFS) were acquired.
Study end-points
The primary end-point was OS and the secondary endpoints were PFS, disease control rate (DCR) of liver metastases defined as a combination of complete response
+ partial response (PR) + stable disease (SD), and safety.
Response rate was evaluated every 6 wk. OS was defined
as the time from the first TACE or BSC/TKI reintroduction to the occurrence of death from any cause.
The PFS was defined as the time from the first time of
TACE or BSC/TKI reintroduction to the occurrence
of disease progression or death from any cause. Disease
control rate was assessed by Response Evaluation Criteria in Solid Tumors (RECIST 1.1). Adverse events were
graded according to the National Cancer Institute Common Toxicity Criteria version 3.0.
Statistical analysis
All the statistical analyses were performed using the
SPSS 15.0 (SPSS Inc., Chicago, IL, United States). PFS
and OS curves were constructed by the Kaplan-Meier
method and compared with log-rank test. In order to adjust for confounding variables, we used Cox proportional hazards models to estimate the simultaneous effects
of prognostic factors on survival. Frequency and percentage descriptions were used for categorical variables
and the χ 2 test was used to compare the incidence of
different events. If the theoretical frequency was lower
than 1, F test was conducted. Continuous variables were
expressed as mean ± SD and mean differences between
two groups were compared using Student’s t test.

MATERIALS AND METHODS
Study design
It is an open, retrospective, controlled study to evaluate
the efficacy and safety of TACE in Chinese GIST patients with liver metastases after TKI treatment failure.
Patients with histologically confirmed CD117-positive
GIST with liver metastases who were resistant and/or
intolerant to prior imatinib and/or sunitinib and who
received TACE for at least one treatment cycle or only
BSC and TKI reintroduction were eligible for the study.
Following a restrospective review of the medical records
of the patients seen at our hospital between June 2008
and October 2011, a total of 60 patients were found to
meet the study criteria. There were 22 in TACE treatment group and 38 in BSC/TKI reintroduction group,
which served as control group.

RESULTS
Patient characteristics
There were 45 males and 15 females with a median age
of 55.0 years (95% CI: 51.8-58.2). All the patients at registration were assessed to have the Eastern Cooperative
Oncology Group (ECOG) performance status grade
0-2 and had received imatinib treatment. Among them,
35 took sunitinib after imatinib failure prior to TACE or
BSC/TKI introduction treatment. Thirty-four (56.7%)
had liver metastases and the others had extrahepatic metastases. Clinical features of the patients in the two groups
are shown in Table 1.
In TACE group, 15 (68.2%) had an extent of liver
involvement within 50%, 6 (27.3%) within 50%-70%,

Patient characteristics: The following demographic
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tion, and arterial supply to the tumor, a micro-catheter
was advanced further into the segmental feeding arteries
to perform embolization. An emulsion containing 5-20
mL iodized oil and 40-80 mg doxorubicin hydrochloride
was used according to the tumor size. Additional embolization was performed using 1-2 mm diameter gelated
sponge particles according to the status of blood supply.
The ideal embolization end-point is the stasis of flow in
tumor-feeding branches. Follow-up abdominal imaging
(computed tomography) was generally performed two
months after the first embolization. The follow-up images
were assessed by two radiologists (Cao K and Cui Y) and
compared with the baseline images to assess response.

Table 1 Clinicopathologic features of the patients
Clinicopathologic
features

TACE

n = 22 (%)

Control

n = 38 (%)

Sex
Male
16 (72.7)
29 (76.3)
Female
6 (27.3)
9 (23.7)
Age (yr)
53.0 (49.3-59.6) 55.0 (48.0-62.0)
ECOG PS
0-1
16 (72.7)
20 (52.6)
2
6 (27.3)
18 (47.4)
Primary location
Stomach
9 (40.9)
15 (39.5)
Small intestinal
9 (40.9)
16 (42.1)
Other
4 (18.2)
7 (18.4)
Number of liver
lesions
1
8 (36.4)
8 (21.1)
2-5
9 (40.9)
20 (52.6)
>5
5 (22.7)
10 (26.3)
Extrahepatic
metastases
Yes
9 (40.9)
17 (44.7)
No
13 (59.1)
21 (55.3)
Sunitinib secondline therapy
before TACE
Yes
11 (50.0)
24 (63.2)
No
11 (50.0)
14 (36.8)
TKI reintroduction
Yes
10 (45.5)
24 (63.2)
No
12 (54.5)
14 (36.8)

Statistical test P value

χ 2 = 0.310

0.578

χ 2 = 2.344

U = 5.000

0.279
0.126

χ 2 = 0.012

0.994

χ 2 = 1.805

0.406

χ 2 = 0.083

0.773

χ 2 = 0.992

0.319

χ 2 = 1.778

0.182

TKI reintroduction: Ten patients received TKI reintroduction during the intermittent period of TACE. Among
them, 6 patients took imatinib 400 mg/d and 4 patients
took sunitinib 37.5 mg/d. The interval between TKI
therapy and TACE was 2 wk.
Treatment in control group
All the patients in control group had GIST resistant to
imatinib and 35 had tumor resistant to sunitinib. Among
them, 9 patients received imatinib 400 mg/d and 15
received sunitinib 37.5 mg/d reintroduction, and the
others only received best supportive care. Efficacy was
evaluated every 6-8 wk according to the RECIST criteria.

TACE: Transcatheter arterial chemoembolization; ECOG PS: The Eastern
Cooperative Oncology Group performance status; TKI: Tyrosine kinase
inhibitors.

Response rate: All the patients had measurable metastatic disease according to the RECIST criteria and tumor assessment was performed at least once. In TACE group, 12
(54.5%) achieved liver PR, 5 (22.7%) had SD, and 5 (22.7%)
showed liver disease progression (PD) after TACE treatment. The DCR of liver metastases was 77.3%. In addition, 8 patients had PD when all the lesions were evaluated, and the DCR of all the lesions was 63.6%. In the
control group, 12 patients receiving TKI reintroduction
and 3 patients receiving BSC had SD, and the others had
PD. The DCR in the control group was 39.5%.

and 1 more than 70%. Eight patients (36.4%) had only 1
liver metastasis, 9 (40.9%) had 2-5 liver metastases, and
the others had more than 5. The mean TACE treatment
cycles received by all the patients in TACE group was
2.64, with 6 (27.3%) receiving only one TACE, and 16
(72.7%) received more than one TACE. Fifteen patients
(68.2%) showed a good blood supply of liver metastases.
Treatment in TACE group
TACE protocol: Eligibility criteria for TACE included
well-preserved hepatic and renal function, the ChildPugh classification within A and B, adequate hematologic function, and ECOG performance status of 0-2.
Patients with high-risk factors, such as portal vein occlusion, no hepatopetal flow, massive ascites, encephalopathy, or active cardiac failure, were excluded.
Local anesthesia was obtained with 1% lidocaine.
After the introduction of a selective catheter through
the femoral artery using the Seldinger technique, the localization of the hepatic arteries was checked with celiac
and mesenteric arteriography. This was performed to
define vascular anatomy. Next, indirect portography was
performed to outline the portal circulation in the venous
phase. A 5 French catheter was placed in the celiac trunk
to identify the hepatic artery. Depending on the size, loca-

WJG|www.wjgnet.com

PFS: As of May 2012, 19 (86.0%) patients in TACE group
had liver metastasis progression. The median liver PFS of
all 22 patients was 47.1 wk (95% CI: 23.9-70.3). In control group, all the patients had tumor progression. The
median PFS in TACE group was longer than in control
group (30.0 wk, 95% CI: 20.1-39.9 vs 12.9 wk, 95% CI:
11.9-13.9) (P = 0.0001, Figure 1A).
OS: As of May 2012, 4 patients in TACE group and 2
patients in control group were alive, and deaths occurred
because of tumor progression. The median OS in TACE
group was longer than in control group (68.5 wk 95%
CI: 57.4-79.6 vs 25.7 wk 95% CI: 23.2-28.2) (P = 0.0001,
Figure 1B). TACE signiﬁcantly reduced the risk of death
in GIST patients with liver metastases according to the
Cox proportional hazards regression model [hazard ratio
(HR): 0.109; 95% CI: 0.044-0.271].

6136

November 14, 2012|Volume 18|Issue 42|

Cao G et al . TACE for GIST with liver metastases

Progression-free survival (%)

A

Survival functions

1.0

TACE group

Table 2 Univariate analysis by each variable

Control group
1.00
100.00-censored

0.8

Variable
Gender
Male
Female
Primary tumor location
Stomach
Intestine
Others
ECOG PS
0-1
2
Number of liver metastases
1
2-5
>5
Extrahepatic metastases
Yes
No
TKI reintroduction
Yes
No
TACE treatment
Yes
No

0.6

0.4

0.2

0.0
0.0

B

20.0

40.0

60.0

Survival functions

1.0

TACE group
Control group
1.00-censored
2.00-censored

0.8
Overall survival (%)

80.0 (wk)

0.6

n

OS (wk)

45
15

34.3
25.7

24
25
11

25.7
34.3
30.0

36
24

35.8
24.5

16
29
15

42.9
25.7
38.6

26
34

25.7
42.9

34
26

30.0
30.0

22
38

68.5
25.7

P value
0.133

0.825

0.102

0.079

0.005

0.657

0.0001

OS: Overall survival; ECOG PS: The Eastern Cooperative Oncology Group
performance status; TKI: Tyrosine kinase inhibitors; TACE: Transcatheter
arterial chemoembolization.

0.4

0.2

0.0
0.0

20.0

40.0

60.0

80.0

100.0

120.0 (wk)

Figure 1 The median progression-free survival (A) and overall survival
(B) were longer in transcatheter arterial chemoembolization group than in
control group (P = 0.0001). TACE: Transcatheter arterial chemoembolization.

DISCUSSION

Univariate and multivariate analysis
Results of the univariate and multivariate analysis are
summarized in Table 2. The results showed the P value
of number of liver metastases is 0.086. The patients
without extrahepatic metastases and the patients treated
with TACE were the two factors significantly associated
with good survival. The two factors led to a reduction of
death risk by 53.7% (HR: 0.463, P = 0.007) and 58.5%
(HR: 0.415, P = 0.005), respectively.
In TACE group, univariate and multivariate analysis
showed that absence of extrahepatic metastases, more
than one session of TACE, and DCR of more than 3
mo after TACE were significantly associated with a good
survival (P = 0.006, P = 0.02, P = 0.012).

There is still no standard treatment for the GIST patients
after imatinib and sunitinib failure. TKI reintroduction,
BSC or drugs in clinical trial are recommended for these
patients. Some studies[15-19] reported that the novel TKIs
had potential activity against metastatic GIST, but the efficacy remains to be validated in prospective randomized
controlled trials. Liver is the most common metastatic
site of GIST and some patients even have only liver metastases other than other diseases till death. Resection of
liver metastases has improved the overall survival[20-22],
again the efficacy of resection should be further confirmed by prospective clinical trials. Some retrospective
studies[11-14] showed that TACE may be potentially effective for GIST resistant to TKI. In this study, the patients
with liver metastatic GIST receiving TACE after imatinib and/or sunitinib failure gained better PFS and OS
than the patients receiving TKI reintroduction or BSC.
In the sunitinib phase Ⅲ trial[23], the median time to progression of the patients receiving placebo was only 6.4
wk. The results demonstrated that TACE may benefit
the patients with liver metastases.
In TACE group, 68.2% patients had good blood

Adverse events
Most patients in TACE group developed post-embolization complications, which included abnormal liver function, abdominal pain, fever and nausea. The incidence
of fever, alanine aminotransferase increase and nausea in
TACE group was higher than in control group (P < 0.05).
However, the majority of adverse events were of grade
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1-2, and in most cases, these symptoms were effectively
resolved with supportive measures. No patient died
within 1 mo after TACE. Other adverse events included
anemia, neutropenia, thrombocytopenia, ascites, pleural
effusion and hemorrhage (Table 3). No one discontinued treatment because of adverse events.
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Table 3 Adverse events in the two groups
Adverse events
Fever
Fatigure
Abnormal ALT
Nausea
Ascites
Diarhoea
Hemorrhage
Neutropenia
Anemia
Thrombocytopenia

All grades (%)

Grade 3-4 (%)

TACE group (n = 22) Control group (n = 38)
20 (90.9)
16 (72.7)
16 (72.7)
14 (63.6)
5 (22.7)
4 (18.2)
3 (8.3)
12 (54.5)
7 (31.8)
7 (31.8)

5 (13.2)
28 (73.7)
6 (15.8)
14 (36.8)
10 (26.3)
5 (13.2)
4 (10.5)
16 (42.1)
24 (63.2)
10 (26.3)

P value
0.0001
0.936
0.0001
0.045
0.757
0.712
0.700
0.352
0.019
0.649

TACE group (n = 22) Control group (n = 38) P value
2 (9.1)
5 (22.7)
5 (22.7)
1 (4.5)
0 (0)
0 (0)
1 (4.5)
3 (12.6)
3 (12.6)
2 (10.5)

0 (0)
8 (21.1)
0 (0)
0 (0)
0 (0)
0 (0)
2 (5.3)
3 (7.9)
6 (15.8)
1 (2.6)

0.061
NA
0.005
0.367
NA
NA
1.000
0.659
1.000
0.548

TACE: Transcatheter arterial chemoembolization; ALT: Alanine aminotransferase; NA: Not applicable.

supply of liver metastases. Some suspensions such as
iodizedoil (lipiodol) can occlude small tumor vessels and
cause obstruction in the vascular bed of liver metastases.
Unresectable or metastatic GIST resists the conventional
cyto-toxic chemotherapy[9,24,25], so cyto-toxic drugs are
not recommended in TACE. Further to a earlier report[24] which showed that doxorubicin had slight efficacy in metastatic GIST, it has been reported recently that
the chemo-embolization with doxorubicin elusion with
the iodized oil demonstrated a potential efficacy[11-14].
Lipiodol and microspheres concentrate and prolong the
retention of the chemotherapeutic agent (doxorubicin)
in the tumor[26].
The results of this study showed that TACE significantly reduced death risk by 89.1%. In the subgroup
analysis, DCR of more than 3 mo after TACE was correlated to good survival, indicating the benefit of TACE
with regard to the overall survival. In the univariate and
multivariate analysis, absence of extrahepatic metastases
and TACE treatment were the independent prognostic
factors. The similar results were seen in subgroup analysis in TACE group. These results showed that the patients without extrahepatic metastases can enjoy a longer
survival after TACE. At the same time, a single session
of TACE may not be adequate enough to control liver
metastases. The results were consistent to the earlier report[11]. However, bias of the patient selection may exist
in this retrospective study. More prospective trials are
expected to confirm the efficacy of TACE in this group
of patients. In this study, all cases enrolled had advanced
GIST with relatively larger liver lesions after the TKI
failure. TACE still yielded a good control rate in this
group of patients. Whether TACE procedure should be
recommended earlier even before TKI failure warrants
future studies.
NCCN guideline recommended considering reintroduction of a TKI for palliation of symptoms in patients
with GIST progression despite prior imatinib and sunitinib. Does TKI reintroduction combining with TACE
improve PFS and OS of GIST with liver metastases, especially for the patients with extrahepatic metastases? In
this study it seemed that the patients receiving combined
TACE and TKI reintroduction had longer overall sur-
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vival than those receiving TACE alone, but there was no
statistical significance (P = 0.638). This may be attributed
to the small case number in this study. However, TKI reintroduction did not increase the incidence of complication during TACE treatment. The interval time of 2 wk
between TKI and TACE is appropriate. For the patients
without extrahepatic metastases, the combined TACE
and TKI reintroduction may be an optional method of
treatment.
Many patients in TACE group suffered from postembolization complications, such as abdominal pain,
fever and nausea. Most of them were of grade 1 or 2,
and 22.7% patients were of grade 3. But all the adverse
events were ameliorated within 1-2 wk with supportive
measures. No adverse events out of expectation happened and no one discontinued treatment because of
severe adverse events. The combined TACE and TKI
reintroduction was well tolerated in the majority of the
patients.
In summary, TACE may be an optional treatment for
GIST with liver metastases after TKI failure. TACE can
better benefit the patients without extrahepatic metastases.
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Liver-protecting effects of omega-3 fish oil lipid emulsion in
liver transplantation
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sion of the donor liver and on day 9. Clinical outcome
was assessed based on the post-transplant investigations, including: (1) post-transplant mechanical ventilation; (2) total hospital stay; (3) infectious morbidities; (4) acute and chronic rejection; and (5) mortality
(intensive care unit mortality, hospital mortality, 28-d
mortality, and survival at a one-year post-transplant
surveillance period).
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RESULTS: On days 2 and 9 after operation, a significant decrease of alanine aminotransferase (299.16
U/L ± 189.17 U/L vs 246.16 U/L ± 175.21 U/L, P =
0.024) and prothrombin time (5.64 s ± 2.06 s vs 2.54
s ± 1.15 s, P = 0.035) was seen in PUFA group compared with PN group. The pathological results showed
that omega-3 fatty acid supplement improved the injury of hepatic cells. Compared with PN group, there
was a significant decrease of post-transplant hospital
stay in PUFA group (18.7 d ± 4.0 d vs 20.6 d ± 4.6
d, P = 0.041). Complications of infection occurred in
6 cases of PN group (2 cases of pneumonia, 3 cases
of intra-abdominal abscess and 1 case of urinary tract
infection), and in 3 cases of PUFA group (2 cases of
pneumonia and 1 case of intra-abdominal abscess). No
acute or chronic rejection and hospital mortality were
found in both groups. The one-year mortality in PN
group was 9.1% (3/33), one died of pulmonary infection, one died of severe intra-hepatic cholangitis and
hepatic dysfunction and the other died of hepatic cell
carcinoma recurrence. Only one patient in PUFA group
(1/33, 3.1%) died of biliary complication and hepatic
dysfunction during follow-up.

Abstract
AIM: To investigate the liver-protecting effect of parenteral nutrition (PN) support with omega-3 fatty acids
in a randomized controlled clinical trial.
METHODS: Sixty-six patients with the diagnosis of
end-stage liver disease or hepatic cellular carcinoma
were admitted to the Affiliated Drum Tower Hospital,
Nanjing University, China for orthotopic liver transplantation. The patients were randomly divided into
two groups: PN group (n = 33) and polyunsaturated
fatty acid (PUFA) group (n = 33). All patients received
isocaloric and isonitrogenous PN for seven days after
surgery, and in PUFA group omega-3 fish oil lipid emulsion replaced part of the standard lipid emulsion. Liver
function was tested on days 2 and 9 after surgery.
Pathological examination was performed after reperfu-
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CONCLUSION: Post-transplant parenteral nutritional
support combined with omega-3 fatty acids can significantly improve the liver injury, reduce the infectious morbidities, and shorten the post-transplant hospital stay.
© 2012 Baishideng. All rights reserved.

Key words: Fish oil lipid; Liver; Transplantation; Paren-
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MATERIALS AND METHODS
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Ethics
This study was carried out in the Department of Hepatobiliary Surgery of the Affiliated Drum Tower Hospital,
Medical School of Nanjing University, China according
to the principles and guidelines of the Helsinki Declaration of 1975 revised in 2000. The protocol was approved
by the Ethics Committee of the Affiliated Drum Tower
Hospital. All patients fully understood the objective and
adverse reactions of the study, and signed the written
informed consent voluntarily prior to study enrollment.
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INTRODUCTION

Patients and randomization
From January 2006 to July 2010, we prospectively investigated 66 patients (45 men and 21 women; mean age,
51.6 years; range, 34-64 years) who underwent orthotopic liver transplantation in the Department of Hepatobiliary Surgery at the Affiliated Drum Tower Hospital
of Medical School of Nanjing University. Recipients
with manifest metabolic diseases (e.g., diabetes mellitus
and hyperthyroidism) or severe renal abnormality were
excluded. No acute rejection, primary transplanted liver
dysfunction or second operation, which may affect the
evaluation of liver function, were seen during the first 9
d after transplantation. The selection criteria for donors
in this study included: (1) age < 50 years, matched ABO
blood group and no history of chronic liver disease; (2)
no evidence of malignant tumor, viral hepatitis or other
viral infections; (3) no cirrhosis, mass or severe fatty degeneration of the donor liver seen during organ harvesting; and (4) liver biopsies of each donor liver taken before transplantation were reviewed by two pathologists.
Donor livers with normal pathology or mild fatty change
(10%-30%) were included in this study (Figure 1).
After transplantation, these patients were randomized into two groups based on the randomization chart
generated by the Statistical Analysis System (SAS): (1) PN
group (33 patients), without supplementation of omega-3
fatty acids in addition to routine treatment; and (2) PUFA
group (33 patients), with PN supplemented with omega-3
fatty acids in addition to routine treatment.
This is a randomized controlled clinical study carried out in the Department of Hepatobiliary Surgery of
our hospital. Nutrition Risk Screening 2002 (NRS 2002)
scoring system was used, and the post-operative NRS
2002 score was ≥ 3 in all the patients, which meant that
all the patients need nutritional support.

Liver transplantation has dramatically improved the
prognosis of end-stage liver disease. The progress made
in the immunosuppressive regimens and surgical techniques has yielded a better outcome of the patients,
and the 5-year survival after liver transplantation is
70%-80%[1]. The liver recipients with liver insufficiency
are in fact known to experience a higher incidence of
severe protein/calorie malnutrition, which is associated
with a greater risk of postoperative complications and
mortality in patients undergoing liver transplantation[2,3].
And ischemia/reperfusion (I/R) injury associated with
liver transplantation often leads to hepatic dysfunction
despite the improvement in surgical techniques and perioperative medication. I/R injury of the liver is an event
involving multiple factors, such as hypoxia during inflow
occlusion of the liver and inflammatory reactions after
reperfusion[4,5], and the mechanisms of the reperfusion
injury, including the release of inflammatory cytokines,
the generation of oxygen free radicals, Kupffer cell
activation and leukocyte-endothelial cell interaction[6,7].
Based on the pathophysiology of hepatic I/R injury, the
current study particularly focused on various perioperative approaches to protect the liver from these inflammatory reactions and microcirculatory disturbances.
Omega-3 (N-3) fatty acids, which are derived from
fish oil, are essential polyunsaturated fatty acids (PUFAs)
for humans. Omega-3 fatty acids exert anti-inflammatory
and immunomodulatory properties through their ability
to modulate the synthesis of different eicosanoids[8,9].
Perioperative administration of omega-3 fatty acids
reduces plasma and tissue levels of the eicosanoids,
specific leukotrienes, thromboxanes, and prostaglandins,
all of which have pro-inflammatory effects[10,11]. Recent
studies described that supplementation with omega-3
fatty acids decreases the rate of inflammatory complications, the length of hospital stay, and the mortality after
major abdominal surgeries[12-14]. Their protective effects
on hepatic I/R injury and inflammatory responses have
been increasingly investigated.
In this study, we investigated the liver-protecting effects of parenteral nutrition (PN) supplemented with
omega-3 fish oil lipid emulsion in patients undergoing
liver transplantation.

WJG|www.wjgnet.com

Treatment
The PN was given around the clock for seven days from
the second day after operation. The two nutritional support groups were isonitrogenous and isocaloric. Nitrogen intake was 0.16 g/kg body weight per day, caloric
intake was 104.5 kJ/kg per day, and lipid intake was 1.0
g/kg per day. The nonprotein calories were provided
with dextrose (4.0 g/kg per day) and fat emulsion in a
ratio of 2:1. The only source of lipids in PN group was
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spectively. Hepatic specimens for light microscopy were
fixed with formalin and embedded in paraffin. Sections
were stained with hematoxylin and eosin for histological examination. Portal inflammation in the liver biopsy
specimens was semiquantified by calculating inflammatory cells in portal tracts based on the Knodell histology
activity index (HAI)[15]. Portal inflammation was scored
as 0, no portal inflammation; 1, mild (sprinkling of
inflammatory cells in < 1/3 of portal tracts); 3, moderate (increased inflammatory cells in 1/3-2/3 of portal
tracts); and 4, marked (dense packing of inflammatory
cells in > 2/3 of portal tracts).
The assessment of clinical outcome was based on
post-transplant investigations as shown by: (1) posttransplant mechanical ventilation; (2) total hospital stay;
(3) infectious morbidities (pneumonia, intra-abdominal
abscess, central line sepsis, wound infection, and urinary
tract infection); (4) acute and chronic rejection; (5) mortality (intensive care unit mortality, hospital mortality,
28-d mortality, and survival at one year post-transplant
surveillance period).
These post-transplant parameters were investigated
and documented daily during the patients’ post-transplant hospital stay and the period of one-year postoperative follow-up.

Figure 1 Pathology of liver biopsy of donor liver taken before transplantation. Mild steatosis was observed in donor liver. (Hematoxylin and eosin staining; paraffin-embedded 5 μm thick sections; ×200).

the standard lipid emulsion (20% emulsion, with a ratio
of long-chain triglycerides to medium-chain triglycerides
of 1:1, Huarui Pharmaceuticals, Jiangsu, China), and in
PUFA group omega-3 fish oil lipid emulsion (Omegaven,
10%, 2 mL/kg per day, Fresenius Kabi Co., Austria) replaced part of the standard lipid emulsion. Both groups
received 1.0 g amino acid/kg per day, and they were
administered a commercially available branched-chain
amino acid solution (Branched-chain amino acid solution 20%, Huarui Pharmaceuticals, Jiangsu, China). The
ratio of nonprotein calories to nitrogen in both nutritional support groups was 653 kJ:1 g. The omega-3 fish
oil lipid emulsion-containing solutions were prepared by
the clinical pharmacist under aseptic condition and adjusted according to the weight of each individual patient.
The amino acids, fat emulsion and dextrose mixture with
electrolytes, vitamins, and trace elements were administered through a central venous catheter. As soon as the
bowel function returned on days 3 or 4 after transplantation, all patients in the two groups were given liquid
carbohydrate and cow’s milk protein.
The surgical treatment was standardized, and modified piggyback orthotopic liver transplantation was
performed by three groups of surgeons using the same
approach. After operation, all the patients in the two
groups were treated with the same antibiotics and antivirutics, and 20 g of albumin was administered intravenously daily for five days to prevent any complications
caused by hypoalbuminemia.

Statistical analysis
The results were expressed as mean ± SD. Data were
analyzed using the SAS. Differences between means
were evaluated using Student t test when normal distribution was confirmed by Shapiro-Wilks test. When
the hypothesis of normal distribution was rejected, differences between groups were tested by nonparametric
statistics using Mann-Whitney test for unpaired samples and Wilcoxon criteria for paired samples. Fisher’
s exact test was used for analysis of categorical values
when appropriate. A P value of < 0.05 was considered
significant.

RESULTS
A total of 66 patients were enrolled in this study, including 33 patients in PN group and 33 patients in PUFA
group. The mean age of the subjects was 51.6 years
(range, 34-64 years). The clinical diagnosis of these patients included: hepatic cell carcinoma (27 cases), posthepatitis B liver cirrhosis (35 cases), alcoholic liver cirrhosis (1 case), primary biliary liver cirrhosis (2 cases)
and congenital polycystic liver (1 case). Demographic
and clinical data (including age, sex, clinical diagnosis,
Child-Pugh classification of hepatic function, warm ischemic time, cold ischemic time, operative time, anhepatic
phase and post-operative immunosuppression) are summarized in Table 1. With respect to warm ischemic time,
cold ischemic time, operative time, anhepatic phase, ratio
of Child-Pugh classification, immunosuppression and
clinical diagnosis, there were no significant differences
between the two groups in any of these above param-

Assessment
Venous heparin blood samples were obtained on days
1 (the day before transplantation), 2 and 9 after surgery
and liver function assessment was made. Serum total
bilirubin (TB), direct bilirubin (DB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate
dehydrogenase (LDH) and prothrombin time (PT) were
measured by an automatic biochemical analyzer (HITACHI 7600, Japan).
Liver biopsy with fine needle was conducted after
reperfusion of donor liver and on day 9 after surgery, re-
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A

Table 1 Clinical data of the enrolled patients

Sex (M/F)
Age, yr
Clinical diagnosis
Hepatic cell carcinoma
Post- hepatitis B liver cirrhosis
Alcoholic liver cirrhosis
Primary biliary liver cirrhosis
Congenital polycystic liver
Child-Pugh classification (A/B/C)
Warm ischemic time (min)
Cold ischemic time (min)
Operation period (min)
Anhepatic phase (min)
Immunosuppressive therapy
(FK506 + P/CSA + P/CSA + P + MMF)

PN group

PUFA group

23/10
48.62 ± 14.61

22/11
51.52 ± 12.41

13
17
1
1
1
14/10/9
3.91 ± 1.16
524.28 ± 132.83
651.27 ± 181.42
119.81 ± 82.35
22/11/0

14
18
0
1
0
13/10/10
4.15 ± 1.32
506.56 ± 151.26
626.39 ± 192.86
142.15 ± 58.75
21/11/1

B

PN: Parenteral nutrition; PUFA: Polyunsaturated fatty acid; P: Prednisone;
CSA: Ciclosporin A; MMF: Mycophenolate mofetil; FK506: Tacrolimus.

eters (P > 0.05).
Liver function assessment
No significant difference of pre-operative liver function
was observed between the two groups. On days 2 and
9 after operation, a significant decrease of ALT (299.16
U/L ± 189.17 U/L vs 246.16 U/L ± 175.21 U/L, P =
0.024) and PT (5.64 s ± 2.06 s vs 2.54 s ± 1.15 s, P = 0.035)
was seen in PUFA group compared with PN group.
And there was no significant decrease of the following
parameters tested on days 2 and 9: AST (116.31 U/L
± 42.19 U/L vs 121.09 U/L ± 53.14 U/L, P=0.682),
TB (93.93 µmol/L ± 45.49 µmol/L vs 87.20 µmol/L ±
61.12 µmol/L, P = 1.439), DB (42.74 µmol/L ± 17.36
µmol/L vs 36.22 µmol/L ± 21.63 µmol/L, P = 0.815)
and LDH (156.12 U/L ± 89.20 U/L vs 119.10 U/L ±
69.72 U/L, P = 1.112) in PUFA group compared with
PN group (Table 2).

Figure 2 Histological appearance of the transplanted liver on day 9 after
surgery. A: Extensive swelling, balloon-like degeneration and necrosis of hepatocytes, extensive congestion and bilirubin deposit were observed in the hepatic
plasma in parenteral nutrition group; B: The results of histological examination
were ameliorated markedly in the polyunsaturated fatty acid group. (Hematoxylin
and eosin staining; paraffin-embedded 5 μm thick sections; ×200).

mechanical ventilation between the two groups (P >
0.05). Compared with PN group, the post-transplant
hospital stay was significantly shortened in PUFA group
(P < 0.05). Infectious complications occurred in 6 cases
of PN group (2 cases of pneumonia, 3 cases of intraabdominal abscess and 1 case of urinary tract infection),
and in 3 cases of PUFA group (2 cases of pneumonia,
1 case of intra-abdominal abscess). No acute or chronic
rejection and hospital mortality were found in the two
groups. All patients were followed up, and the one-year
mortality in PN group was 9.1% (3/33), one died of
pulmonary infection, one died of severe intra-hepatic
cholangitis and hepatic dysfunction and the other of
hepatic cell carcinoma recurrence. Only one patient in
PUFA group (1/33, 3.1%) died of biliary complication
and hepatic dysfunction during follow-up (Table 4).

Light microscopy
The histological examination after reperfusion revealed
some swelling hepatocytes and inflammatory cell infiltration in the portal areas, and no significant difference of
numerical score of portal inflammation was observed
between the two groups.
Histological examination on day 9 in PN group revealed more inflammatory cells aggregating in hepatic
sinusoid lumen, extensive swelling and some balloonlike degeneration of hepatocytes, extensive congestion,
and bilirubin deposit in the hepatic plasma (Figure 2A).
These were ameliorated markedly by parenteral nutritional support with omega-3 fatty acids (Figure 2B), and
the numerical score of portal inflammation was significantly lowered in PUFA group (Table 3). There was no
sign of acute rejection in both groups.

DISCUSSION
An impairment of nutritional status is a frequent finding in patients with end-stage liver disease. Malnutrition
adversely affects the prognosis of these patients and is
associated with the morbidity and mortality after liver
transplantation[16]. Malnutrition has been shown to be
the only independent risk factor for the length of stay
in the intensive care and the total number of days spent
in the hospital, and the liver recipient’s nutritional status

Clinical outcome
There was no significant difference of post-transplant
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Table 2 Effect of parenteral nutritional support with Omega-3 fatty acids on liver function
Normal value
ALT (U/L)

5-40

AST (U/L)

8-40

TB (µmol/L)

5-20.5

DB (µmol/L)

1.7-6.8

LDH (U/L)

109-245

PT (s)

10-15

Group
PN group
PUFA group
PN group
PUFA group
PN group
PUFA group
PN group
PUFA group
PN group
PUFA group
PN group
PUFA group

Day 1

Day 2

Day 9

198.16 ± 117.13
227.16 ± 121.17
95.12 ± 61.79
115.62 ± 81.27
92.16 ± 42.15
116.82 ± 61.65
52.15 ± 32.95
47.39 ± 27.19
266.25 ± 132.42
226.45 ± 172.24
18.76 ± 3.21
19.12 ± 4.16

401.32 ± 215.35
410.98 ± 201.64
203.25 ± 73.49
185.12 ± 42.16
158.32 ± 65.41
160.34 ± 68.24
76.46 ± 31.28
81.25 ± 26.32
476.25 ± 98.15
416.38 ± 151.14
17.16 ± 4.05
17.81 ± 3.82

155.16 ± 108.41b
101.82 ± 71.24b
82.16 ± 46.16b
68.81 ± 24.32b
71.12 ± 55.12a
66.41 ± 61.52b
40.24 ± 26.69b
38.51 ± 19.87b
357.15 ± 192.52a
260.26 ± 111.32b
14.62 ± 3.87a
12.17 ± 3.69b

Decrease (Day 2-Day 9)
246.16 ± 175.21
299.16 ± 189.17c
121.09 ± 53.14
116.31 ± 42.19
87.20 ± 61.12
93.93 ± 45.49
36.22 ± 21.63
42.74 ± 17.36
119.10 ± 69.72
156.12 ± 89.20
2.54 ± 1.15
5.64 ± 2.06c

PN: Parenteral nutrition; PUFA: Polyunsaturated fatty acid; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TB: Total bilirubin; DB: Direct bilirubin; LDH: Lactate dehydrogenase; PT: Prothrombin time. aP < 0.05, bP < 0.01 vs day 2; cP < 0.05 vs PN group.

Table 3 Effect of parenteral nutritional support with Omega-3 fatty acids on numerical score of portal inflammation
Group
PN group
PUFA group

Day 0

Day 9

3.3 ± 0.5
3.6 ± 0.4

2.7 ± 0.9
1.8 ± 0.6a

Table 4 Effect of parenteral nutritional support with Omega-3 fatty acids on clinical outcome

Post-transplant mechanical ventilation (h)
Post-transplant hospital stay (d)
Infectious morbidities
Acute/chronic rejection
ICU mortality
Hospital mortality
28-d mortality
One-year mortality

PN: Parenteral nutrition; PUFA: Polyunsaturated fatty acid. aP < 0.05 vs
PN group.

also influences the incidence of post-transplant complications and may therefore increase the costs of liver
transplant[17,18]. After liver transplantation, surgical stress,
postoperative fasting, and the possible occurrence of
complications suggest the need for nutritional support.
The primary goal of the nutrition support in the immediate post-transplant period is to provide adequate
nutrition to promote recovery and replenishment of the
depleted nutrient stores. Although most transplant centers use the similar post-transplant nutritional support as
for other major abdominal operations, few studies have
elucidated the role of postoperative nutritional support
in the liver recipients.
Enteral nutrition is safer and less expensive than PN,
and enteral nutrition has the potential advantage of maintaining intestinal trophism more effectively[19]. This effect
may help prevent bacterial translocation and entericorigin infections in patients treated with transplantation[20,21]. All patients in this study resumed their daily oral
diet postoperatively as soon as bowel function returned
to maintain intestinal trophism, but the recipients could
not endure a large amount of liquid diet even with nasoenteric tube at the early phase after transplantation
because of obvious abdominal pain, distention or diarrhea in our previous experience. The bowel function in
all the patients in this study returned on day 3 or 4 after
transplantation, and PN support discontinued on day 8
after surgery when the patients were able to maintain an
adequate oral intake.
Omega-3 fatty acids mainly act as eicosapentaenoic
acids (EPA) and docosahexaenoic acids (DHA), both
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PN group

PUFA group

12.1 ± 5.1
20.6 ± 4.6
6/33
0/33
0/33
0/33
0/33
3/33

10.8 ± 5.4
18.7 ± 4.0a
3/33a
0/33
0/33
0/33
0/33
1/33

PN: Parenteral nutrition; PUFA: Polyunsaturated fatty acid; ICU: Intensive
care unit. aP < 0.05 vs PN group.

had anti-inflammatory effects. EPA and DHA reduce
the release of arachidonic acid-derived pro-inflammatory
eicosanoids, and generate a group of lipid mediators
called resolvins (E- and D-series) and protectins with
potent anti-inflammatory and inflammation resolution
properties[22,23]. Studies with experimental models of liver
reperfusion injury have reported the beneficial actions
of n-3 PUFA-derived resolvins and protectins in preventing liver DNA damage and oxidative stress, thus significantly ameliorating the necroinflammatory liver injury
and hepatic steatosis[24-26]. The liver-protecting effects of
postoperative PN support supplemented with omega-3
fatty acids were evaluated in this study. Liver enzyme
of ALT released after I/R was significantly suppressed
by the supplements of omega-3 fatty acids. PT, as an
important parameter in evaluating the synthesis function of liver, was significantly decreased in PUFA group.
And the results of histological examination on day 9
revealed that the hepatocyte injury and inflammatory
cell aggregation were ameliorated markedly in PUFA
group. PUFA therapy could also decrease the infectious
morbidities, and shorten the post-transplant hospital stay
significantly. The possible mechanisms of omega-3 fatty
acids include down-regulation of the inflammatory responses to surgery and immune modulation rather than
a sole nutritional effect.
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Some of the patients exhibited an obvious nitrogen
accumulation disorder reflected by either encephalopathy or an excessive rise in blood urea nitrogen in the
immediate postoperative period. Branched-chain amino
acids were chosen for this study because it can promote
protein synthesis in patients with chronic liver diseases
and avoid the additional metabolic load of transplanted
liver[27]. Medium-chain triglycerides were included in the
regimen to avert glucose intolerance and deposits in the
transplanted liver. Based on the results of this study,
we think that post-transplant nutritional support in the
form of a solution enriched with branched-chain amino
acids, dextrose, medium-chain triglycerides and omega-3
fatty acids might offer a benefit in terms of preserved
liver function and better clinical outcome, including the
decreased infectious morbidities and post-transplant
hospital stay.
In conclusion, we have shown that omega-3 fatty
acids-supplemented PN significantly improves the injury
of transplanted liver, decreases the infectious morbidities, and shortens the post-transplant hospital stay.
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RESULTS: No difference was observed among the
three groups in age, gender, tumor location, tumor
diameter, T-stage, degree of differentiation, postoperative complications and peritoneal drainage retention
time. The total number of detected lymph nodes was
535, 476 and 223 in the three groups, respectively. The
mean number of detected lymph nodes per patient was
significantly higher in group A than in group C (26.8 ±
8.4 vs 12.2 ± 3.2, P < 0.001). Similarly, there were significantly more lymph nodes detected in group B than
in group C (23.8 ± 6.9 vs 12.2 ± 3.2, P < 0.001). However, there was no significant difference between group
A and group B. There were 50, 46 and 32 metastatic
lymph nodes dissected in 13 patients of group A, 10
patients of group B and 11 patients of group C, without
significant differences among the three groups. Eleven
of the 60 patients had insufficient number of detected
lymph nodes (< 12). Only one patient with T4a rectal
cancer had 10 lymph nodes detected in group B, the
other 10 patients were all from group C. Based on the
different diameter categories, the number of detected
lymph nodes in groups A and B was significantly higher
than in group C. However, there was no statistically
significant difference between group A and group B.
The metastatic lymph nodes were not significant different among the three groups. Similarly, tumor location,
T stage and tumor differentiation did not affect the
staining results. Body mass index was a minor influencing factor in the two different staining methods. The
stained lymph nodes can easily be identified from the
mesenteric adipose tissues, and the staining time for
lymph nodes was not significantly different compared
with unstained group. None of the patients in groups A
and B had drug-related complications.

Abstract
AIM: To investigate whether activated carbon nanoparticles suspension (ACNS) or methylene blue (MB)
can increase the detected number of lymph nodes in
colorectal cancer.
METHODS: Sixty-seven of 72 colorectal cancer patients treated at our hospital fulfilled the inclusion
criteria of the study which was conducted from December 2010 to February 2012. Seven patients refused
to participate. Eventually, 60 patients were included,
and randomly assigned to three groups (20 in each
group): ACNS group (group A), MB group (group B)
and non-stained conventional surgical group (group C).
In group A, patients received subserosal injection of 1
mL ACNS in a 4-quadrant region around the mass. In
group B, the main artery of specimen was identified
and isolated after the specimen was removed, and 2
mL MB was slowly injected into the isolated, stretched
and fixed vessel. In group C, no ACNS and MB were
injected. All the mesentery lymph nodes were isolated
and removed systematically by visually inspecting and

WJG|www.wjgnet.com

CONCLUSION: Both activated carbon nanoparticles
suspension in vivo and methylene blue in vitro can be
used as tracers to increase the detected number of
lymph nodes in colorectal cancer.
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sensitivity for lymph node metastasis was low and the
staining could not be done in vivo before the destruction
of the lymphoid structures. Therefore, we conducted
a randomized controlled trial to test whether MB and
ACNS as tracers can increase the detected number of
lymph nodes in the systematic nodal dissected tissues
from CRC resection and compare the staining effect of
the two methods in order to choose the best one for further clinical application.

© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Patient selection
This trial was performed in the Department of Surgical
Oncology, Second Affiliated Hospital Zhejiang University College of Medicine, China from December 2010 to
February 2012. The study was approved by the Ethics
Committee of Zhejiang University. Informed consent
was obtained from all the patients. Inclusion criteria were
as follows: 18-80 years of age; endoscopic biopsy confirmed; performance status of 0-1 on the Eastern Cooperative Oncology Group scale; good compliance; able to
tolerate radical resection; adequate hematologic function
[white blood cell (WBC) count > 4000/mL, absolute
neutrophil count > 1500/mL, platelet count > 100 000/
mL, and hemoglobin > 10 g/dL]; normal hepatic function [bilirubin < 1.5 the upper-normal limits (UNL) and
alanine aminotransferase or aspartate aminotransferase
< 2.5 UNL]; and normal renal function (creatinine <
1.5 mg/dL). Exclusion criteria included: clinical stage
Ⅳ CRC according to the American Joint Committee on
Cancer (AJCC); patients received chemotherapy, radiotherapy or biological therapy prior to surgery; previous
abdominal surgery; significant neurological or mental
disorder. Of the 72 CRC patients, 67 fulfilled the inclusion criteria. Seven patients refused to participate. The
enrollment was completed when 60 patients were included. The patients were randomly allocated to three
groups (20 patients in each group): ACNS group (group
A), MB group (group B) and non-staining conventional
surgical group (group C).

INTRODUCTION
Colorectal cancer (CRC) is one of the leading causes of
cancer-related death among men and women in the United States with an estimated 143 460 new cases and 51 690
deaths in 2012 according to the statistics of American
Cancer Society[1]. Accurate lymph node metastasis staging
is of prognostic and therapeutic importance in patients
with CRC. Previous researches have found that the number of lymph nodes evaluated after surgical resection was
positively associated with the survival of CRC patients[2,3].
However, population-based data suggest that lymph node
evaluation is not adequate in the majority of patients
with CRC[4,5]. In addition, computed tomography (CT)[6],
even positron emission tomography[7], are not efficacious
enough in identifying nodal status. Therefore, a variety of
techniques, including lymph node staining or radionuclide
scan[8], have been applied to make lymph nodes retrieval
more efficient.
The biological application of nanoparticles is a rapidly developing area of nanotechnology[9,10]. Particles have
been observed passing through the lymphatic vessels but
not the blood capillaries mainly due to the difference in
permeability. Activated carbon nanoparticles suspension
(ACNS), using smooth carbon particles at a diameter of
21 nm added with suspending agents, is a stable suspension of carbon pellets of 150 nm in diameter. ACNS is
obviously inclined to the lymphatic system. After macrophage phagocytosis, ACNS quickly gathers in the lymph
nodes and dyes them black. This unique selective biodistribution is being extensively studied in recent years,
such as sentinel lymph node staining, drug carriers and
thermotherapy[11-13].
In our previous study[14], 62 patients with CRC were
divided into two groups. The experimental group, using a simple lymphatic staining method, was injected
with methylene blue (MB) into the regional main blood
vessels immediately after specimens were resected in
vitro. More and smaller lymph nodes could be detected,
which significantly improved the lymph node harvest of
resected colorectal specimens. However, the detection
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Surgical technique
All surgical procedures were completed by the same
team of surgeons. Each patient was administrated with 2
g cephalosporin for antibiotic prophylaxis within 30 min
before surgery, and the same dose was repeated if the
operation lasted more than 2 h.
In group A, patients received subserosal injection
of 1 mL ACNS (Chongqing LUMMY Pharmaceutical
Co., Chongqing, China) in a 4-quadrant region around
the mass (Figure 1A). To avoid surgical destruction of
the lymphatic system along the bronchi and vessels, we
waited for 10 min after injection. In group B, MB was
injected by the same methods (Jiangsu Jumpcan Medicines Group, Taixing, Jiangsu Province, China), however,
staining effect was very poor partly because MB was
quickly absorbed in vivo and then excreted with urine.
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A

B

C

Figure 1 Activated carbon nanoparticles suspension in vivo is effective as a tracer in colorectal cancer lymph node detection. A: Subserosal injection of
activated carbon nanoparticles suspension (ACNS) into a 4-quadrant region around the mass; B: Lymph nodes can easily be identified from the mesenteric adipose
tissues, arrow points to the black dyed lymph nodes; C: ACNS migrating to the lymph node (hematoxylin and eosin, ×100).

A

B

Figure 2 Methylene blue in vitro used as a tracer in colorectal cancer lymph node detection. A: The main artery of the specimen was isolated and methylene
blue (MB) was injected into the vessel. Lymph nodes can easily be identified, arrow points to the blue dyed lymph nodes; B: MB migrating to the lymph node (hematoxylin
and eosin, ×100).

Therefore, we established a method for lymph nodes
staining in vitro. After the specimen was dissected, we immediately identified the main artery of the specimen and
isolated it at the root for 1 cm, and injected 2 mL MB
slowly into the isolated, stretched and fixed vessel (Figure
2A). We also waited for 10 min after injection. In group C,
neither ACNS nor MB was used for the staining.
All the mesentery lymph nodes were isolated and
removed systematically by visually inspecting and palpating the adipose tissues. After identification and excision,
all the black or blue nodes were collected for subsequent
pathological examinations. Postoperative pain was relieved by intravenous opioid administration.

RESULTS
Patient population
The 60 patients were randomly assigned to three groups.
No difference was observed among the three groups in
age, gender, tumor location, tumor diameter, T-stage and
degree of differentiation. There was also no statistically
significant difference in postoperative complications and
peritoneal drainage retention time (Table 1).
Lymph nodes detected
The total number of detected lymph nodes was 535,
476 and 223 in the three groups, respectively. The mean
number of detected lymph nodes per patient in group
A was significantly higher than in group C (26.8 ± 8.4 vs
12.2 ± 3.2, P < 0.001). Similarly, there were significantly
more lymph nodes detected in group B than in group C
(23.8 ± 6.9 vs 12.2 ± 3.2, P < 0.001). However, there was
no significant difference between group A and group
B (26.8 ± 8.4 vs 23.8 ± 6.9, P > 0.1) (Figure 3A). There
were 50, 46 and 32 metastatic lymph nodes dissected
in 13 patients of group A, 10 patients of group B, and
11 patients of group C, without significant difference
among the three groups (P > 0.1). According to the

Statistical analysis
Statistical analysis was performed using the SPSS 17.0
for Windows (SPSS, Inc, Chicago, IL, United States).
Factors considered to be possible determinants of the
number of lymph nodes examined were first checked
with the analysis of variance analysis and the influence
of possible determinants was then tested in regression
analysis. Kruskal-Wallis test was used when there was
heterogeneity of variance. P value (two-tailed) of less
than 0.05 was considered statistically significant.
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Figure 3 Lymph nodes detected in the three groups. A: The mean number of lymph nodes detected; B: Distribution of lymph node diameters. aP < 0.05, bP < 0.01
vs group A. LN: Lymph node.
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Table 1 Clinicopathological details of the 60 patients in the
three groups

35
30

No. of patients
Age (yr)
Gender
Male
Female
Tumor location
Right colon
Transverse colon
Left colon
Sigmoid
Rectum
Tumor diameter (mm)
T-stage
T1
T2
T3
T4
Degree of differentiation
Well
Moderate
Poor
Postoperative complications
Bleeding
Infection
Fistula
Abdominal tube drainage (d)

25
20
15
10
5
0

Group A

Group B

Figure 4 Body mass index as an influencing factor in the two different
staining methods. LN: Lymph node; BMI: Body mass index.

AJCC guideline, more than 12 detected lymph nodes are
required for the accurate clinical staging. In this study, 11
of the 60 patients had insufficient number of detected
lymph nodes. Among them, only one patient in group
B with T4a rectal cancer had 10 lymph nodes detected,
the other 10 patients were all from group C (P < 0.001).
According to the different diameter range, lymph nodes
(LNs) detected were divided into three categories: LNs
≤ 2 mm, 2 mm < LNs ≤ 5 mm, and LNs > 5 mm. We
analyzed the different diameter categories of detected
lymph nodes and metastatic lymph nodes in each group,
and found that the number of detected lymph nodes was
significantly higher in groups A and B than in group C.
However, there was no statistically significant difference
between group A and group B. Data is shown in Figure
3B. There was no significant difference in metastatic
lymph nodes between each group (P > 0.05). Similarly,
tumor location, T stage and tumor differentiation exerted
no influence on the staining results (P > 0.05). Mesenteric hypertrophy may affect the lymph node detection
by different staining methods[15]. To explore whether the
mesenteric hypertrophy affects the staining results in our
trial, patients in the two staining groups were re-classified
according to the Asian body mass index (BMI) criteria
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20
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20
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2
1
1
4
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4.7 ± 2.3

4
1
1
4
11
3.7 ± 1.1

2
1
5
5
7
5.0 ± 1.7
0
2
6
12

1
4
7
8

0
4
7
9

7
10
3

7
11
2

8
11
1

1
0
1
6.7 ± 2.8

0
1
1
6.1 ± 3.3

0
0
2
7.8 ± 3.6

as BMI ≤ 23 kg/m2, 23 kg/m2 < BMI ≤ 25 kg/m2and
BMI > 25 kg/m2. Statistical analysis showed that BMI
was a minor influencing factor in the two different staining methods while mesenteric hypertrophy did not influence the staining results (Figure 4). Using either ACNS
(Figure 1B) or MB (Figure 2A), stained lymph nodes can
easily be visualized from the mesenteric adipose tissues,
and the staining time for lymph nodes was not significant
different compared with unstained group (P > 0.05). Hematoxylin and eosin stained micrograph confirmed that
ACNS migrates to the lymph nodes (Figure 1C), so does
the MB (Figure 2B). None of the patients injected with
either ACNS or MB had drug-related complications.
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idly developing area of nanotechnology that raises new
possibilities in the diagnosis[25] and treatment of human
cancers [26,27]. Nanoparticles are being developed for
contrast at T1-weighted magnetic resonance imaging[28],
radionuclides for single photon emission computed
tomography and positron emission tomograhpy[29], iodine for CT[30] and gas-containing bubbles for ultrasonography[31]. Several nanotechnologies have been used
to improve the delivery of chemotherapeutic agents to
cancer cells[32,33], which promoted the microdosing clinical studies[34]. A review by Schroeder et al[35] showed that
nanoparticle therapies will improve the outcome for
patients with metastatic cancer. Using ACNS combined
with preoperative lymphoscintigraphy and intraoperative gamma probe detection, the detecting sensitivity
was 100% for internal mammary sentinel node biopsy
of breast cancer patients[36]. A clinical trial from him[37]
showed that ACNS and MB both were effective as tracers in lymph nodes detection for non-small cell lung
cancer. However, ACNS staining in colorectal cancer
lymph nodes detection remains largely unexplored. MB
is being widely used in clinical practice, however, when
it was used in lymph nodes staining in CRC in vivo, it
played a minor role in lymph nodes detection because
it was absorbed and excreted too quickly. We thus used
a modified method as described in the Surgical Technique, injected MB into the main blood vessels of the
tumor drainage region in vitro, and achieved much better
staining results in lymph node detection. An ideal tracer
should possess the following properties: not influenced
by external conditions, easy to perform, effective and
free from side-effects. We found that T stage, degree
of tumor differentiation, tumor location, and BMI had
minor influence on the two staining methods. In this
study, black-stained or blue-stained lymph nodes can be
easily identified from the mesenteric adipose tissues, and
no side-effect was found among patients, surgeons and
pathologists. However, the results obtained in this study
may be limited by the sample size. Further studies with a
larger sample will be conducted.
In conclusion, both ACNS in vivo and MB in vitro are
effective as a tracer in increasing the detected number
of lymph nodes in CRC. They may play a key role in the
studies of sentinel lymph nodes biopsy and micrometastasis in CRCs.

DISCUSSION
Lymph nodes status of colorectal cancer played a vital
role in tumor staging, classification, postoperative sequential treatment and prognosis. The number of detected lymph nodes is a significant prognostic factor in
colon cancer patients[16]. AJCC and College of American
Pathologists recommend at least 12 lymph nodes detected for more accurate diagnosis of stage Ⅱ CRC[17].
However, recent studies indicated that lymph node detection rate was still low in CRC[4], which can not accurately reflect the patient’s disease status. There are many
factors affecting the lymph node detection, including
patient’s age, gender, tumor grade, extent of surgical resection and the pathologist’s expertise[18]. Palpation is still
the most important method for lymph node detection[19].
Numerous studies have been conducted to improve the
methods for lymph node detection. Cawthorn et al[20]
used xylene alcohol clearance technique to facilitate the
identification of lymph nodes (23.1 ± 1.18 vs 10.5 ±
0.6). Quadros et al[21] performed lymphoscintigraphy using technetium-99 m-phytate and patent blue to detect
lymph nodes of rectal adenocarcinoma patients, which
significantly increase the lymph nodes detection rate,
particularly lateral pelvic lymph node metastasis. However, these techniques were not widely used in clinical practice because they are time-consuming, labor-intensive
and toxic to doctors. This clinical trial used the novel
nanomaterials ACNS and MB in vivo or in vitro. The results suggested that both staining techniques can significantly improve the lymph node detection compared with
the conventional palpation method (26.8 ± 8.4 vs 23.8 ±
6.9 vs 12.2 ± 3.2). In our research, none of the patients
had insufficient number of detected lymph nodes in
ACNS stained group, only one patient in MB stained
group, but 10 patients did so from unstained group C.
Statistical results showed that in different diameter categories, the number of the detected lymph nodes was significantly higher in both the two stained groups than in
the unstained group (Figure 4), especially in the ACNS
group. This demonstrated the obvious advantages of the
two staining methods in detecting the smaller diameter
lymph nodes. Micrometastasis is defined as cohesive deposits of tumor cells of 2 mm or less, but larger than 0.2
mm. This definition has been extended in the AJCC 7th
edition to include non-cohesive infiltrate of > 200 cells
as micrometastasis[22]. No definitive conclusions have
been drawn about the role of sentinel lymph node biopsy and micrometastasis on the prognosis of CRC[23,24].
Taking into account the advantage of the detection for
lymph node micrometastasis in this study, our team will
further study the effects of sentinel lymph node biopsy
and micrometastasis in the prognosis of CRC patients.
In this trial, we failed to find significant differences between the two staining methods with regard to the total
number of detected lymph nodes, lymph node diameters
or lymph node metastasis, which may be attributed to
the limitations of sample size.
The biological application of nanoparticles is a rap-
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Background

Accurate lymph node metastasis staging has important prognostic and therapeutic implications in patients with colorectal cancer (CRC). Activated carbon
nanoparticles suspension (ACNS) is obviously inclined to lymphatic system.
The unique selective biodistribution is being extensively studied in recent years,
such as sentinel lymph node staining, drug carriers, and thermotherapy. Additionally, methylene blue (MB), as an efficacious and cost-effective tracer, was
widely used in clinical practice.

Research frontiers

Numerous studies have been conducted to improve the methods of lymph node
detection. The biological application of nanoparticles is a rapidly developing
area of nanotechnology. However, ACNS as a tracer for lymph nodes detection
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in CRC patients has not been reported. This study found that ACNS in vivo is
effective in increasing the detected number of lymph nodes in CRC. Similarly,
the authors used a modified method, injecting MB into the main blood vessels
of the tumor drainage region in vitro, and achieved analogous clinical effects.
Moreover, the two staining methods were mildly influenced by T stage, degree
of tumor differentiation, tumor location, and body mass index.

13

14

Applications

This is the first research that compares the staining effects of ACNS and MB in
colorectal cancer lymph nodes detection. Both ACNS in vivo and MB in vitro are
effective as tracers in increasing the detected number of lymph nodes in CRC.

15

Terminology

ACNS is a stable suspension of carbon pellets with a diameter of 150 nm,
which is obviously inclined to lymphatic system. After macrophage phagocytosis, ACNS quickly gathers in the lymph nodes and dyes them black.

Peer review

The topic is very interesting and is of great clinical importance as the number
of removed and histologically analyzed lymph nodes does determine the prognosis of CRC patients. An easy, time- and cost-effective method to help the
surgeons’ work is needed.
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CASE REPORT

Inverted Meckel's diverticulum as a cause of occult lower
gastrointestinal hemorrhage
Omar M Rashid, Joseph K Ku, Masayuki Nagahashi, Akimitsu Yamada, Kazuaki Takabe
modalities utilized, pathological findings, and treatment.
Although less than 40 cases have been reported in the
English literature from 1978 to 2005, 19 cases have
been reported in the last 6 years alone (2006-2012) due
to improved diagnostic modalities. Successful diagnosis
and treatment of this disease requires a high index of
clinical suspicion, which is becoming increasingly relevant to general gastroenterologists.
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Abstract
Meckel’s diverticulum is a common asymptomatic congenital gastrointestinal anomaly, but rarely it can present with hemorrhage. Over the last few years inverted
Meckel’s diverticulum has been reported in the literature
with increasing frequency as an occult source of lower
gastrointestinal hemorrhage. Here, we report a case of
a 54-year-old male, who was referred for surgical evaluation with persistent anemia and occult blood per rectum after a work up which failed to localize the source
over 12 mo, including upper and capsule endoscopy,
colonoscopy, enteroclysis, Meckel scan, and tagged
nuclear red blood cell scan. An abdominal computed
tomography scan showed a possible mid-ileal intussusception and intraluminal mass. During the abdominal
exploration, inverted Meckel’s diverticulum was diagnosed and resected. We review the literature, discuss
the forms in which the disease presents, the diagnostic
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INTRODUCTION
Meckel’s diverticulum is the most common congenital
abnormality in the gastrointestinal tract, but is usually
asymptomatic[1]. When symptomatic it may present with
hemorrhage in association with ectopic gastric and/or
pancreatic mucosa, intestinal obstruction, intussusceptions, or inflammation. This abnormality can also present
in the setting of an inverted diverticulum causing a lower
gastrointestinal bleed. There is no role for non-operative
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management in inverted Meckel’s diverticulum, which
mandates early surgical removal. Here, we present a case
which first underwent an extensive diagnostic evaluation
of persistent gastrointestinal hemorrhage over a 12-mo
period before this entity was diagnosed and then appropriately treated. The aim of this report is to alert surgeons and gastroenterologists of this important source
of persistent gastrointestinal hemorrhage which requires
a high clinical suspicion to diagnose because of how difficult it is to detect. We conducted an extensive review
of the previously reported cases in the literature, and
discuss the presentations of this readily curable disease,
the utility of various diagnostic modalities, pathological
findings, and the appropriate management.
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Figure 1 Gross specimen of the inverted Meckel’s diverticulum arising in
the segmental resection of the small bowel.

CASE REPORT
A 54-year-old male with no significant past medical history was seen by a gastroenterologist for anemia and
stools positive for occult blood. An extensive diagnostic
evaluation was undertaken over a 12-mo period before
the patient was referred for surgical evaluation. He had
a negative upper gastrointestinal and capsule endoscopy,
and a negative colonoscopy, despite adequate bowel
preparation. Enteroclysis revealed a polypoid lesion in
the mid jejunum. The differential diagnosis at that point
included tumor, lipoma, carcinoid, or sarcoma. He underwent a Meckel scan, which was negative. Given the
continued anemia and occasional bright red blood per
rectum, he underwent a tagged nuclear red blood cell
scan, which failed to demonstrate an acute hemorrhagic
source. An abdominal computed tomography (CT) scan
was obtained, which demonstrated a possible mid-ileal
intussusception and an intraluminal mass. The patient
was referred for a surgical evaluation.
The patient underwent an exploratory laparoscopy
which demonstrated a hard intraluminal mass in the midileum. The remainder of the small bowel was normal to
the level of the ligament of Treitz. A 5 cm mini midlinelaparotomy was performed overlying the small bowel
lesion. The lesion containing portion of the small bowel
was delivered out of the abdomen and resected. Small
bowel continuity was established via a stapled side-to-side
anastomosis.
On gross examination, the specimen consisted of a
segmental resection of the small bowel with a small dimple shaped defect penetrating through the bowel wall.
This defect was proven to be patent by a probe. Opening
of the specimen revealed a 5.0 cm × 1.8 cm × 1.5 cm
polypoid lesion that terminated in a club-shaped head
(Figure 1). The small bowel mucosa was contiguous with
that of the stalk and extended to within 1.5 cm of the
tip of the lesion. The dumbbell shaped tip was covered
by attenuated mucosa that was granular in appearance. A
small area of erythema was seen at the tip and appeared
grossly consistent with an area of hemorrhage.
Microscopic sections revealed well-defined intestinal
mucosa that surrounded the core of the lesion (Figure 2).
The most internal component of the core consisted of
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Figure 2 Histopathology reveals a central core consisting of serosa and
muscle. The cross section reveals small intestinal mucosa lining the fragment.

the serosa and the muscle of the bowel wall. These layers
were circumscribed by the intestinal submucosa and mucosa that became attenuated toward the tip of the specimen. The mucosa seen at the tip was that of intestinaltype with scattered paneth cells (exocrine serous cells)
and goblet cells. No heterotopic gastric or pancreatic
tissue was identified. The patient had an uneventful postoperative recovery. He was discharged on post-operative
day three, and never had further episode of lower gastrointestinal hemorrhage nor any complications or sequelae
during the subsequent two years of follow up.

DISCUSSION
Meckel’s diverticulum is the most common congenital
anomaly in the gastrointestinal tract[1]. In an autopsy
series, the incidence was reported as 1%-3%[2]. Johann
F Meckel, a famous anatomist, was the first to describe
this entity. In 1808, he stated that the diverticulum comprised a remnant of the vitelline duct, the duct between
the intestinal tract and the yolk sac[3]. In normal human
embryology, the vitelline duct closes by the 10th week of
gestation. If it persists, presentations include incidental
meckel’s diverticulum, fibrous cord connecting the bowel
to the anterior abdominal wall, persistent omphalenteric
fistula, enterocystoma, torsion, and intussusception[4]. Although the location of the diverticulum varies, they have
been classically described on the antimesenteric surface of
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has increased from 40 cases from 1978 to 2005, to 19
cases reported in the last 6 years alone (Table 1). The largest series thus far reported included 18 cases, between
1971-1995 from the Armed Forces Institute of Pathology (AFIP)[7], and the most recent systematic review
was in 2005 before the surge in reports[5]. Therefore,
our report and review comprehensively reviews all these
cases in the literature to further guide clinicians in the
approach to the diagnosis and treatment of this readily
curable disease (Table 1).
The median age of presentation of inverted Meckel’s diverticulum is 27.7, slightly younger than reported by the
AFIP, which was 33, with a male to female ratio of approximately 2.33:1. The most common presenting complaint was bleeding in 48 of 59 cases (80%), anemia 47 of
59 cases (78%), and abdominal pain (68%) (Table 1). With
the most common presentation being lower gastrointestinal bleeding, it is not surprising that most reported
cases included a thorough work up for the source of
hemorrhage[5]. In most cases involving bleeding and anemia, patients underwent an upper and lower endoscopy
with negative results.
The first reported radiographic description of an
inverted Meckel’s diverticulum was by Fetterman et al[8]
in 1968 and there has been a great proliferation of diagnostic modalities available to clinicians[5]. A Meckel’s
scan, a radionucleotide scan that detects gastric mucosa,
can be a useful diagnostic tool, especially in the pediatric
population. It has a high sensitivity but low specificity.
Only 50% of cases are believed to be associated with ectopic gastric or pancreatic mucosa, but it is seen in 75%
of those presenting with symptoms[9]. Meckel scans were
reported in only three cases[4,10,11] which were negative.
One of these actually had both ectopic gastric and pancreatic mucosa[4]. This strongly suggests that a negative
Meckel scan does not rule out the diagnosis, which was
exemplified in our case.
Other radiologic diagnostic modalilties include ultrasonography, which demonstrated positive or clinically
influential findings in 12 of 13 cases (Table 1). These
findings were often non-specific and only prompted surgical exploration in one case of a post-operative bowel
obstruction caused by an intussusception from the
inverted Meckel’s diverticulum which was detected by
ultrasound[12]. Some of the nonspecific findings include
“eggplant shaped mass within the bowel”[13], fluid filled
target[14], and distended loops of bowel with free fluid[15].
The use of a tagged nuclear red blood cell scan was reported in three cases with negative results, and barium
enema has been of little use (Table 1). When a patient
presents with massive hemorrhage, angiography may be
useful, especially in a hemodynamically unstable patient.
In a single reported case of angiography used for the diagnosis of Meckel’s diverticulum, angiography revealed a
vitelline artery centrally located in the ileal lumen[10].
The three most useful tools employed for the diagnosis of inverted Meckel’s diverticulum include small
bowel follow-through, enteroclysis, and abdominal CT
scans[4,13,16]. When the scan reveals a mass, it often is as-

Table 1 Clinical characteristics, diagnostic modalities, and
pathological finding of patients with inverted Meckel’s diverticulum
Clinical characteristics
Gender[4-7,9-12,14-43]
Male
Female
Signs and symptoms[4-7,9-12,14-34,36-43]
Bleeding
Abdominal pain
Intussusception
Anemia
Diagnostic modalities[4-7,9-12,14-34,36-43]
Positive upper endoscopy
Positive lower endoscopy
Positive abdominal ultrasonography
Positive tagged RBC scan
Positive Meckel's scan
Positive barium enema
Positive enteroclysis
Positive upper GI series with small bowel
follow through
Positive abdominal CT scan
Pathologic findings[4-7,9-12,14-34,36-43]
Ulceration
Ectopic gastric tissue only
Ectopic pancreatic tissue only
Ectopic gastric and pancreatic tissue
No ectopic tissue

n (%)
41/59 (69)
18/59 (30)
48/59 (81)
41/59 (69)
23/59 (39)
47/59 (80)
2/58 (3)
4/59 (7)
12/13 (92)
0/3 (0)
0/3 (0)
0/0
7/7 (100)
18/21 (86)
24/24 (100)
40/59 (68)
18/59 (31)
13/59 (22)
4/59 (7)
24/59 (41)

GI: Gastrointestinal; CT: Computed tomography; RBC: Red blood cells.

the ileum within 100 cm of the ileocecal valve[5]. Possible
complications include hemorrhage, obstruction, diverticulitis, hernia, tumor, and inflammation, one of which
an estimated 2% of those with Meckel’s diverticulum will
develop[1,2]. The presentation of these complications often
produces a complex constellation of recurrent symptoms
consistent with obstruction, chronic abdominal pain and
lower gastrointestinal hemorrhage which commonly delays diagnosis and definitive surgical treatment[5].
An inverted Meckel’s diverticulum is a condition
where the Meckel’s diverticulum literally inverts on itself; however, the pathophysiology underlying this rare
phenomenon is not clearly understood. One theory is
that there is abnormal peristalsis of the bowel segment
in the proximity of the Meckel’s diverticulum, possibly
due to the tissue present at the base of the diverticulum
itself, which causes the diverticulum to invert. Because
of the inversion of the Meckel’s divertiuculum it may
be difficult for diagnostic studies which rely on access
to the lumen of diverticula, such as capsule endoscopy
and colonoscopy, to identify this rare lesion. This inversion of the Meckel’s diverticulum can then also lead to
a complete intussusception of the bowel or to a compromise in blood flow to that bowel, ulceration and then
gastrointestinal hemorrhage[6].
Because of the clinical challenge of diagnosing this
rare entity, inverted Meckel’s diverticulum has been reported in less than 70 cases reported in the English literature. However, as diagnostic modalities have improved the
reports of this disease as an occult source of hemorrhage
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sociated with a central area of fat density[5]. Small bowel
follow-through was helpful in 18 of 21 cases. Findings
include mass-like lesions, polypoid filling defects, and
ulcerations. CT scans have been extremely helpful, especially recently with improving technology. CT scan
was used in 24 of the reported cases, and all revealed
useful information that ultimately led to an operation.
They were especially useful when intussusceptions were
found in association with the characteristic “target sign”.
In adults, intussusceptions with clinical symptoms are
a clear indication for operation. In the pediatric population, however, even intussusceptions caused by an
inverted Meckel’s diverticulum can be treated non-surgically with barium enema reduction[17]. When the small
bowel is highly suspected as the source of hemorrhage,
enteroclysis has been suggested as the single best study
in the diagnosis of inverted Meckel’s diverticulum. In 7
reported cases, all seven were useful, as they revealed filling defects and polypoid lesions (Table 1).
In the literature review of the specimens, the average
length of the inverted segment was approximately 3.99 cm.
Ulceration has been reported in the adjacent ileal mucosa, in the Meckel’s segment, and in the tip. There appears
to be no direct correlation with the presence or absence
of ectopic tissue. The ulceration seen in cases without
gastric mucosa may be explained by either ischemia and/
or trauma[5]. Fifty-eight percent of the reported cases
were associated with ectopic mucosa of either gastric or
pancreatic origin (Table 1).
The preferred treatment of any symptomatic Meckel’s
diverticulum is surgical. Whenever an inverted Meckel’s
diverticulum is diagnosed either pre-operatively or intraoperatively, the surgical procedure should be segmental
resection with reestablishment of bowel continuity.
Intussusception was noted in our case preoperatively.
In our literature review, twenty three cases documented
active intussusception at the time of operation (Table 1).
There was one report of an endoscopic mucosal resection which resulted in iatrogenic perforation requiring
emergent laparotomy[18]. It has been the general consensus that intussusceptions in the adult should be treated
with resection and primary anastomosis [11]. Although
most reports have described laparotomy, some minimally
invasive techniques have been described in the literature.
El-Dhuwaib et al[14] and Karahasanoglu et al[15] reported
exploration and resection laparoscopically for an inverted Meckel’s diverticulum. However, others have reported
that manual palpation or laparoscopic inspection of
the small bowel itself is not enough and may lead surgeons to miss the diagnosis[17]. In our case, we planned
on an initial abdominal exploration laparoscopically, and
if unsuccessful, had planned on conversion to an open
laparotomy with possible intra-operative endoscopy. Fortunately, we were able to find the lesion laparoscopically
and performed the resection via a mini-laparotomy,
which has the potential to provide less morbidity than
a larger laparotomy incision. Our approach provided
adequate exposure to achieve appropriate margins if the
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lesion had been found to have been malignant. In cases
where even open laparotomy fails to localize the lesion,
the successful use of intra-operative endoscopy to localize the lesion and guide treatment of inverted Meckel’s
diverticulum has been reported[19].
Bleeding seen in inverted Meckel’s diverticulum cannot be attributed entirely to ulceration secondary to
gastric mucosa, and it may be due to trauma or inversion
induced mucosal ischemia[5]. In fact, most cases did not
have gastric cells present (Table 1). Trauma, due to its
location within the lumen, is likely a primary source of
bleeding in most cases reported in association with normal intestinal mucosa[5,13,20-22].
There is some debate as to the treatment of incidentally discovered Meckel’s diverticulum in the asymptomatic patient. Resection is generally recommended
for patients younger than 40, diverticulum longer than 2
cm, divertula with narrow necks, fibrous bands, ectopic
gastric tissue, and/or when the diverticulum appears
thickened and inflamed. When a Meckel’s diverticulum
is discovered as the lead point to an intussusception, it
is thought to be a primary pathologic process, and not a
secondary process[5,17]. The exact cause of the inversion
is not yet understood. Intussusceptions are primarily
seen in children under the age of 2, and only 5% of all
intussusceptions are seen in adults[1]. In children however, there is no lead point in 95% of the cases[23].
Multiple diagnostic modalities have been described
in the diagnosis of inverted Meckel’s diverticulum. In
instances of lower gastrointestinal hemorrhage, it is appropriate to first exclude an upper gastrointestinal source
and a colonic source. Based upon a review of the literature, the studies recommended when inverted Meckel’s
diverticulum is suspected are CT scans and enteroclysis.
However, to make this difficult diagnosis requires a high
index of suspicion with an awareness of this important
pathologic process and its unique presentation.
Although Meckel’s diverticulum is usually an asymptomatic common congenital abnormality of the gastrointestinal tract, it can present with lower gastrointestinal hemorrhage[35]. In the case of inverted Meckel’s diverticulum,
the bleeding may be due to the presence of ectopic gastric
mucosa, but may also be commonly due to trauma or inversion induced ischemia. In a patient presenting with lower
gastrointestinal bleeding, upper and lower endoscopy can
be used to rule out a source. If these modalities are negative and Meckel’s diverticulum is suspected, CT scan or enteroclysis may be more helpful in the diagnosis than other
modalities, and its wider use may account for the increase
in reports of this rare disease in the literature. Treatment
usually provides a complete cure when it entails operative
resection, either via an open or laparoscopic approach with
possible intra-operative endoscopy. Because of the nonspecific presentation of inverted Meckel’s diverticulum as
an occult source of lower gastrointestinal hemorrhage, it is
important for gastroenterologists and surgeons to understand the pathophysiology, appropriate diagnostic approach
and therapeutic management of this readily curable disease.
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INTRODUCTION
As enterolithiasis of the small bowel is a rare condition,
only a few cases of enterolithiasis-related small bowel ileus in patients with Crohn’s disease have been published.
A PubMed database analysis showed 9 results published
between 1972 and 2010 when searching for “enterolithiasis
+ crohn”[1,2]. To date, about 20 cases of Crohn’s diseaseassociated enterolithiasis have been reported in the literature. Here we present the case of a Crohn’s disease patient
with enterolithiasis-related small bowel obstruction and
discuss the clinical and radiological features of this rare
entity on the basis of the current literature.

Abstract
Stasis of the flow of the intestinal contents, ingested
material and unfavorable composition of the chylus can
lead to the formation of enteroliths inside the bowel.
Enterolithiasis represents a rare disorder of the gastrointestinal tract that can be associated with intermittent
abdominal pain or more serious complications such
as bleeding or obstruction. Enterolithiasis in Crohn’
s disease represents an extremely rare condition and
usually occurs only in patients with a long symptomatic
history of Crohn’s disease. We report an unusual case
of enterolithiasis-related intestinal obstruction in a
young male patient with Crohn’s disease (A2L3B1 Montreal Classification for Crohn’s disease 2005) undergoing emergency laparotomy and ileocoecal resection.
In addition, we present an overview of the relevant
characteristics of enterolithiasis on the basis of the
corresponding literature.

CASE REPORT
A 46-year-old male patient (nonsmoker) presented with
acute diffuse abdominal pain, constipation and vomiting
at the emergency unit of the department of surgery. His
past medical history included laparoscopic cholecystectomy for symptomatic cholecystolithiasis several years
ago and a 12-year history of Crohn’s disease. At the time
of admission the patient was treated with budesonide,
enteroclysma and 5-aminosalicylic acid (A2L3B1 Montreal Classification for Crohn’s disease 2005). The clinical examination showed no fever, a soft, but distended
abdomen without abdominal guarding. Blood investiga-
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Figure 1 X-ray of the abdomen with two small radiopaque enteroliths in
the lower abdomen. A: Overall picture; B: Enlarged detail. L: Left.

Figure 2 Computed tomography images with two radiopaque enteroliths.

DISCUSSION

tion revealed a normal leucocyte count and a marginally
increased level of C-reactive protein. On the abdominal
X-ray, the typical imaging of an incipient small bowel
ileus with dilated small bowel loops was apparent (Figure
1A), however, two conspicuous small shadows in the
pelvis were also observed (Figure 1B). Consequently, a
computed tomography (CT) scan of the abdomen was
performed to confirm or exclude a mechanical obstruction. The CT scan showed a significant small bowel
stricture and two adjacent intraluminal radiopaque, dense
calcified enteroliths with a maximal diameter of 20 mm
in the terminal ileum with significant wall thickening,
acute inflammatory signs and prestenotic dilatation of
the small bowel indicating a mechanical ileus (Figure 2).
The patient underwent immediate emergency laparotomy: the intraoperative findings revealed a long (30 cm),
dense narrowing of the terminal ileum with irremovable
stony palpable masses, poststenotic emptiness and prestenotic dilatation of the bowel (Figure 3). An ileocoecal
resection of about 40 cm of the terminal ileum with a
side to side ileoascendostomy reconstruction was conducted (Figure 4). Histopathological examination of the
resected specimen confirmed the diagnosis of an acute
inflammatory episode of Crohn’s disease without any
sign of malignant transformation or perforation. After
an uneventful postoperative stay of 11 d, the patient was
discharged home with Crohn’s disease specific medication (metronidazole, azathioprine) recommended by the
gastroenterologists to prevent postoperative bacterial
infection and to control inflammatory activity.
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The first description of enterolithiasis in the scientific
literature can be traced back to 1917, when Pfahler et al[3]
published a report on the radiological features of enterolithiasis. It was not until 1959 that Atwell et al[4] introduced the definition of enteroliths as “endogenous foreign bodies in the gastrointestinal tract”. According to a
classification by Grettve et al[5], enteroliths can be divided
into primary and secondary enteroliths. Primary enteroliths always develop inside the bowel, and can be caused
by concretions of normal chylus components such as
choleic acid, calcium phosphate and calcium carbonate
(so called “true” primary enteroliths) or by ingested indigestible material such as hair (trichobezoar), vegetables
(phytobezoar) or other exogenous substances such as
barium sulfate (so called “false” primary enteroliths). In
contrast, secondary enteroliths typically form outside
the bowel and then pass into the bowel like gallstones
which fistulate into the bowel causing peritonitis and/or
mechanical obstruction. The most common localization
of enteroliths is the colon including the appendix vermiformis (appendicoliths), however, enteroliths can occur throughout the entire gastrointestinal tract from the
stomach to the rectum.
Stasis or decelerated motility of the gastrointestinal
tract seems to be the crucial pathogenetic factor in the
development of enteroliths, since an unimpaired continuous flow of the gastrointestinal content usually does
not allow the formation of enteroliths[5]. However, when
stasis occurs, small particles have enough time to crystal-
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A

B

Figure 3 Intraoperative illustration of the small bowel ileus with evident
stenosis and prestenotic dilation.

Figure 5 Typical images of enteroliths. A: Long-standing enterolith with
blank-looking polished surface; B: Emerging enterolith with a rough and fragile
surface.

bowel segment. Additionally, the enteroliths stood out
with a very hard consistency and blank-looking, polished surface (Figure 5A). About 20 cm proximal of the
stricture another enterolith was detected in the resected
specimen with completely different characteristics: this
enterolith was morbid, fragile, rough and easily movable,
potentially because there was no stricture (Figure 5B).
We hypothesize that this additional enterolith represents
the typical status nascendi of an enterolith which is usually not observable, since it is asymptomatic and potentially excreted.
The radiological diagnosis of enteroliths depends on
their calcium content[13,14]. In our case, two radiopaque
enteroliths were clearly visible on abdominal X-ray,
whereas the third mobile enterolith was not detectable.
The differential diagnosis of radiopaque enterolithlike alterations includes gallstones, urolithiasis-calcified
lymph nodes or pancreatic calcifications. Of note, enteroliths may change their localization on radiographs
due to the mobility of the small bowel[9].
Due to its typical strictures impairing the intestinal
flow, Crohn’s disease offers favorable conditions for the
development of enteroliths. Nevertheless, enteroliths
are a very rare condition in Crohn’s disease, since most
patients never become symptomatic or because symptoms are not attributable to enteroliths. Studies have
proven that enterolithiasis in Crohn’s disease occurs only
in patients with a long history of the disorder and long
duration of symptoms of between 7 and 40 years (median

Figure 4 Resected specimen of the cecum and small bowel with two fixed
enteroliths causing small bowel obstruction.

lize and form accumulating stones. Stasis is always associated with anatomic alterations of the gastrointestinal
tract such as harmless anatomic variations (diverticula,
duplication cysts)[6,7] or pathologic conditions (strictures)
due to bowel diseases such as Crohn’s disease or tuberculosis[8-10]. In addition, stasis may also develop after
bowel resection with a broad side to side enteroanastomosis with a big blind pouch allowing for continuous
deposition of intestinal contents[11]. Enteroliths can be
asymptomatic and dissolve spontaneously passing slowly
through the gastrointestinal tract until excretion. However, in most cases enterolithiasis is associated with recurrent signs of intestinal obstruction and intermittent abdominal pain. In addition, refractory chronic anemia and
perforation have also been reported[4,12]. Interestingly, the
patient in our case report did not really suffer from any
of these symptoms, although both enterolithiasis and
Crohn’s disease represent chronic disorders. Obviously,
there was a moderate postinflammatory, quite asymptomatic stricture of the terminal ileum which permitted
very slow but continuous development of enteroliths
without significant alteration of intestinal passage. The
actual inflammatory episode then led to complete intestinal obstruction due to thickening of the bowel wall. We
suggest that the enteroliths developed primarily on site,
since they were almost completely fixed in the diseased
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15.7 years)[9]. Additionally, a few cases of enterolithiasisassociated adenocarcinomata have been reported in the
literature[15]. In summary, there is no evidence for prophylactic treatment of asymptomatic enterolithiasis in
Crohn’s disease, although enteroliths represent clear indicators of a stenotic condition. Patients with intestinal
obstruction require laparotomy with stricturoplasty or
segmental bowel resection.
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CASE REPORT

An aortoduodenal fistula as a complication of
immunoglobulin G4-related disease
Momir Sarac, Ivan Marjanovic, Mihailo Bezmarevic, Uros Zoranovic, Stanko Petrovic, Miodrag Mihajlovic
sociated with IgG4-related sclerosing disease as a possible complication of IgG4-related inflammatory aortic
aneurysm. Endovascular grafting of a primary aortoduodenal fistula is an effective and minimally invasive
alternative to standard surgical repair.
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Abstract

INTRODUCTION

Most primary aortoduodenal fistulas occur in the presence of an aortic aneurysm, which can be part of immunoglobulin G4 (IgG4)-related sclerosing disease. We
present a case who underwent endovascular grafting
of an aortoduodenal fistula associated with a high
serum IgG4 level. A 56-year-old male underwent urgent endovascular reconstruction of an aortoduodenal
fistula. The patient received antibiotics and other supportive therapy, and the postoperative course was uneventful, however, elevated levels of serum IgG, IgG4
and C-reactive protein were noted, which normalized
after the introduction of steroid therapy. Control computed tomography angiography showed no endoleaks.
The primary aortoduodenal fistula may have been as-

WJG|www.wjgnet.com

A primary aortoenteric fistula (AEF) is a communication between the aorta and the intestines, and occurs
in a setting without prior aortic surgery. It is a rare but
potentially lethal condition with an incidence of 0.04%
to 0.07%[1]. Primary fistulas, are in most cases (90%),
the result of erosion of the bowel wall, caused by an
abdominal aortic aneurysm (AAA)[2]. The majority occur between the aorta and the duodenum [3]. Primary
aortoduodenal fistulas (ADF) have been reported in the
presence of various conditions, including underlying atherosclerotic aortic aneurysm disease, gallstone erosion,
foreign body ingestion, and invasive intra-abdominal malignancies[4]. However, it has been reported that an aortic
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aneurysm can be a part of a spectrum of immunoglobulin G4 (IgG4)-related sclerosing disease[5]. Most reported
cases of IgG4-related inflammatory aortic aneurysm of
abdominal aorta (IAAA) have no association with other
IgG4-related sclerosing diseases. Without apparent pathological conditions in other organs, confirmation of the
existence of IgG4-related IAAA requires histopathological evidence[6-10]. An ADF as a complication of IgG4related disease has not yet been reported. Endovascular
aortic repair is an effective alternative to standard open
surgical management of primary aortoenteric fistulae,
especially in situations where an open surgical procedure
is either difficult or contraindicated[11]. In this article we
present the urgent endovascular repair of an ADF in a
patient with high serum IgG4 levels.

Figure 1 An infrarenal aneurysm (arrow) of the abdominal aorta with gas
collection in a suspected thrombotic mass in the aneurysmatic sac, suggesting an aortoenteric fistula.

CASE REPORT
A 56-year-old Caucasian male was admitted to our institution due to severe anemia caused by gastrointestinal
hemorrhage. He had chronic fatique and at least one
episode of melena every day of one month duration.
At admission he had anemia with a red blood cell count
(RBC) of 2.8 million per μL, hematocrit (HCT) of 25%
and blood pressure of 90/70 mmHg with a heart rate of
110 beats/min. No abdominal pulsating mass was found
on physical examination. A digital rectal examination
showed signs of melena.
The patient had undergone previous abdominal surgery in another medical institution (9 years before), due
to acute generalized abdominal pain. He had no medical
documentation, and we were unable to obtain more information about his previous condition.
Urgent upper endoscopy (EGDS) did not show any
signs of bleeding. Abdominal ultrasound showed an
infrarenal AAA that was verified on computed tomography (CT) angiography (Figure 1). During the same CT
evaluation a gas collection in a suspected thrombotic
mass in an aneurysmatic sac was noted, suggesting an
AEF. The CT findings excluded the presence of autoimmune pancreatitis.
Because there was a suspicion of Meckel’s diverticulum, we performed abdominal scintigraphy, without any
pathological findings. Colonoscopy findings were normal.
In addition to administering blood and blood product
substitution therapy, standard therapy was also administered, however, melena persisted. Control EGDS findings
were normal. Due to worsening of the patient’s general
condition [persistent melena followed by anemia; RBC
3.1 million per μL, HCT 27% and C-reactive protein
(CRP) 82 mg/L], the case was presented at a meeting of
gastroenterologists, vascular and abdominal surgeons,
radiologists and anesthesiologists, and it was decided
that operative treatment was necessary. We performed
an emergency endovascular repair of the AAA using an
Excluder Stent Graft (Excluder®, WL Gore and Associates, Flagstaff, Arizona, United States) (Figure 2).
We initiated empiric broad spectrum intravenous
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Figure 2 Intraoperative computed tomography angiography after endovascular repair of abdominal aortic aneurysm with excluder stent graft.

antibiotics (imipenem in combination with vancomycin)
preoperatively, and continued with the same medication for 4 wk after endovascular repair. The patient then
continued taking an oral antibiotic for the next two
months (ciprofloxacin 1000 mg per day for 4 wk then
doxycycline 100 mg per day for another 4 wk). The postoperative course was without complications and without
further blood loss. After the patient was introduced to
per os food intake, control CT angiography showed no
endoleaks and a reduction in thrombotic mass volume in
the aneurysm with regression of the aneurysm diameter,
however, the gas collection persisted (Figure 3A).
On the tenth day after endovascular repair, RBC and
HCT values were normal (RBC 4.2 million per μL and
HCT 35%). The patient had improved, but the laboratory tests showed a CRP serum level of 56 mg/L and a
high serum IgG level of 20.2 g/L and IgG4 of 4.24 g/L,
respectively. Autoantibodies against lactoferrin and carbonic anhydrase Ⅱ were negative, and autoantibodies including anti-nuclear antibodies, antineutrophil cytoplasmic antibodies and rheumatoid factor were not found.
Markers for viral hepatitis Bs infection, hepatitis C virus,
hepatitis A virus, human immunodeficiency viruses 1
and 2 were negative. Due to lack of histopathological
findings, but elevated serum levels of IgG, it could not
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have been described in all cases, but the classic trio of
abdominal pain, palpable mass and gastrointestinal bleeding was found in only 6% to 27.8% of patients[2,13,14]. Our
patient only had gastrointestinal bleeding presenting as
melena. Diagnostic procedures include EGDS, CT scan,
and arteriography. Endoscopy is considered the modality
of choice for initial evaluation of upper gastrointestinal
bleeding, but has the potential risk of inducing massive
hemorrhage by dislodging fresh thrombus in the fistula[15,16]. In our case, EGDS findings were without signs of
gastrointestinal hemorrhage. CT angiography was reliable
in diagnosing AEF but may be somewhat challenging in
unstable patients.
The surgical treatment of ADF consists of repairing
the duodenal defect and performing a prosthetic repair
of the aorta with graft. Where contamination is present,
or in the case of mycotic aneurysm, an extraanatomical
aortic graft is preferred and extensive debridement is
required[17]. Although the endovascular approach is increasingly utilized in the repair of secondary AEF, only
a few primary AEF treated using this method have been
reported[4,11,12,18,19]. In the case of any applied vascular
procedure, long-term broad spectrum antibiotic therapy
is necessary[11,12]. We believe that patients with persistent
anemia who undergo laparotomy without diagnosis is
hazardous.
Primary ADF is the result of inflammatory destruction of an aortic aneurysm arising from an atherosclerotic AAA. This is an etiological factor in 73% of all
primary ADFs, while 26% are caused by traumatic or
mycotic aneurysms[2,17,20]. Rarer causes such as radiation,
tumors, ulcers and ingestion of foreign bodies account
of 1% or less[4,12]. A very small number of AEF occurin
the absence of an aortic aneurysm. In comparison to
atherosclerotic AAA, IAAA occurs in only 2% to 10%
of all AAA, and has different clinical characteristics,
such as younger age of patients, non-specific symptoms,
and large aneurysm diameter. Recent reports showed a
close relationship between IgG4 and sclerosing lesions
of various organs [21]. IgG4-related sclerosing lesions,
which are also called IgG4-related sclerosing disease, was
first reported with regard to autoimmune pancreatitis[22].
The clinical characteristics of IgG4-related sclerosing
disease are a frequent occurence in adult male patients,
and include elevation of serum IgG4 levels, and steroid
sensitivity. In addition to affected organs in IgG4-related
disease, elevated IgG4 levels have been described in
atopic dermatitis, asthma, some parasitic diseases, pemphigus vulgaris, pemphigus foliaceus and pancreatic cancer[23]. Our patient had no clinical signs of these diseases.
The correct diagnosis of IAAA as part of IgG4-related
disease is based on histopathological findings[21]. According to these recommendations, the diagnosis of IAAA as
part of IgG4-related disease in our patient couldnot be
established due to lack of histopathological findings, as
endovascular repair of AAA, was successful. If the AAA
in our patient was an IAAA, this would be the first case
with ADF in IgG4-related sclerosing disease. In addition,
the patient had a positive response to steroid therapy. The

A

B

Figure 3 Control computed tomography angiography. A: Control computed
tomography (CT) angiography shows no endoleaks and reduction of thrombotic
mass volume in the aneurysmatic sac with persistence of gas collection; B:
Control CT angiography after 6 mo showed no endoleaks and near total reduction of thrombotic mass in the aneurysmatic sac, without gas collection.

be determined with confidence that this was a systemic
disease. It was decided that the patient should start steroid therapy with oral prednisolone at 40 mg per day for
4 wk, and then decrease the dosage by 5 mg every week.
Four wk after initiation of steroid therapy, serum levels
of IgG (16 g/L) and IgG4 (0.7 g/L) as well as CRP were
normal. In the control examination conducted 6 mo
after the patient’s discharge from hospital (almost 3 mo
after the end of steroid therapy), the levels of serum immunoglobulins and CRP were in the normal ranges and
control CT angiography showed no endoleaks, near total
reduction of the thrombotic mass in the aneurysmatic
sac, and no gas collection (Figure 3B).

DISCUSSION
Primary ADF represents a serious condition and is much
less frequent than a secondary ADF which occurs as a
result of previous aortic aneurysm grafting. The first
described case of primary ADF was more than a century
ago, and since then about 250 cases have been reported.
In the absence of treatment, the mortality rate is almost
100%. With surgical intervention, survival ranges from
18%-93%, but 40% of operated cases develop complications with an overall postoperative mortality rate greater
than 30%[12]. Diagnosis of primary ADF is also difficult.
Only 33% to 50% of AEF are diagnosed preoperatively[3]. Gastrointestinal bleeding and abdominal pain
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question remains as to how it is possible to make a diagnosis of IgG4-related IAAA in such cases where urgent
minor surgery is the treatment of choice. In our case,
endovascular repair of ADF was successful, and this may
be an alternative treatment, especially in patients with
high operative risk. Broad spectrum antibiotic therapy is
as important as the endovascular treatment in ADF.
In conclusion, primary ADF is a rare complication
of aortic aneurysms and is a rare cause of gastrointestinal bleeding. It can be associated with IgG4-related
sclerosing disease, whether it occurs as a complication
of IAAA or not. CT angiography is a good diagnostic
test for an ADF. This case demonstrates that endovascular grafting of primary ADF as an effective, minimally
invasive alternative to standard surgical repair. Other
supportive therapy such as antibiotics are very important
in the treatment of this condition. High serum IgG4
levels and a positive response to steroid therapy suggest
the existence of an ADF in IgG4-related IAAA, without
histopathological examination.
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CASE REPORT

Should anticoagulants be administered for portal vein
thrombosis associated with acute pancreatitis?
Won-Seok Park, Hyeong-Il Kim, Byung-Jun Jeon, Seong-Hun Kim, Seung-Ok Lee
in patients under anticoagulation therapy for venous
thrombosis associated with acute pancreatitis have
been published. Herein, we report a unique case of
massive upper gastrointestinal bleeding due to pancreatic pseudocyst rupture into the duodenum, which developed during anticoagulation therapy for portal vein
thrombosis associated with acute pancreatitis.
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Abstract
Venous complications in patients with acute pancreatitis typically occur as a form of splenic, portal, or
superior mesenteric vein thrombosis and have been
detected more frequently in recent reports. Although
a well-organized protocol for the treatment of venous
thrombosis has not been established, anticoagulation
therapy is commonly recommended. A 73-year-old
man was diagnosed with acute progressive portal vein
thrombosis associated with acute pancreatitis. After
one month of anticoagulation therapy, the patient developed severe hematemesis. With endoscopy and an
abdominal computed tomography scan, hemorrhages
in the pancreatic pseudocyst, which was ruptured into
the duodenal bulb, were confirmed. After conservative treatment, the patient was stabilized. While the
rupture of a pseudocyst into the surrounding viscera is
a well-known phenomenon, spontaneous rupture into
the duodenum is rare. Moreover, no reports of upper
gastrointestinal bleeding caused by pseudocyst rupture
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INTRODUCTION
The vascular complications of pancreatitis are major causes
of morbidity and mortality and are typically related to
hemorrhage. Venous complications generally occur as a
form of thrombosis in the splenic vein and less commonly in the portal or superior mesenteric vein[1]. Although no
randomized controlled trial regarding the use of anticoagulants in acute portal vein thrombosis has been conducted, the use of unfractionated heparin, with subsequent
transition to oral warfarin, is the most common approach
to anticoagulation[2,3].
Pancreatic pseudocysts are common findings, but
spontaneous rupture occurs infrequently. Pseudocyst
rupture can occur in the free peritoneal cavity, stomach,
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duodenum, colon, portal vein, pleural cavity, and abdominal wall. However, rupture into the duodenum is very
rare[4]. Furthermore, no reports of upper gastrointestinal
bleeding caused by pseudocyst rupture in patients under
anticoagulation therapy for venous thrombosis associated with acute pancreatitis have been published.
We describe herein a very rare and unique case of
massive upper gastrointestinal bleeding due to pancreatic
pseudocyst rupture into the duodenum, which developed
during anticoagulation therapy for portal vein thrombosis associated with acute pancreatitis.

stabilized, and no recurrent bleeding occurred. On the
seventh day following admission, follow-up endoscopy
(Figure 2B) revealed a reduction of the bulging lesion
and a fistula opening with clear discharge, which was
suspected to be pancreatic fluid. A follow-up abdominal CT scan (Figure 1D) showed a small collapsed cyst
without internal hematoma, and a fistulous tract was also
observed between the duodenum and the pseudocyst,
resulting in air pocket in the cyst. After only conservative
treatment, the patient recovered without recurrent bleeding and was discharged without warfarin medication.

CASE REPORT

DISCUSSION

A 73-year-old man was transferred to our emergency department for the management of massive hematemesis.
On arrival, his systolic blood pressure was 70 mmHg,
and his blood hemoglobin level was 6.8 g/dL. He received a transfusion of two units of packed red blood
cells. Seven weeks prior, he had initially developed acute
alcoholic pancreatitis, and one month prior, he had been
diagnosed with acute progressive portal vein thrombosis
associated with non-necrotizing acute alcoholic pancreatitis. Since then, he had been receiving anticoagulation
therapy. Computed tomography (CT) scans of the abdomen revealed not only thrombosis of the portal vein
trunk but also thrombosis of the right and left portal
veins (Figure 1A), and low perfusion areas were diffusely observed on the liver parenchyma. A 12 mm ×
10 mm cystic lesion was found, suggesting the presence
of a pancreatic pseudocyst and extensive fluid collection
around the pancreatic head (Figure 1B). Endoscopic
ultrasonography also demonstrated the absence of a
color Doppler signal and thrombosis of the portal vein,
superior mesenteric vein, and distal splenic vein. Arterial
portography confirmed an occlusion and thrombosis
of the portal vein, superior mesenteric vein, and distal
splenic vein. The factors indicating a coagulation defect
and tumor markers were normal. We decided to perform
anticoagulation therapy because the patient complained
of abdominal pain, and serial CT scans showed the progression of the acute portal vein thrombosis. He was
treated with intravenous heparin and then switched to
warfarin.
Endoscopy and abdominal CT scans were performed
to evaluate the hematemesis. Emergency endoscopy (Figure 2A) revealed a 2 cm submucosal tumor-like lesion
located just distal to the pylorus. The mucosa showed a
central ulceration covered with dark blood clots, which
was suggested as a cause of the upper gastrointestinal
bleeding. Abdominal CT scans (Figure 1C) revealed
a large, walled-in fluid collection of high attenuation
around the pancreatic head, indicating a hemorrhagic
pseudocyst of the pancreatic head that caused the displacement of the duodenum.
The patient was treated with a high dose of pantoprazole, a proton pump inhibitor, and the warfarin medication was stopped. The patient was hemodynamically

Pancreatitis may cause a spectrum of venous and arterial
vascular complications. Of these complications, venous
thromboses are typically reported in the splenic vein and
less commonly in the superior mesenteric vein or portal vein[5]. Thrombotic complications have been known
to be more common in alcohol-induced, necrotizing,
and chronic pancreatitis[6,7]. It has been suggested that
the pathogenesis of venous thromboses involves stasis,
spasm, and mass effects from the surrounding inflamed
pancreas and direct damage of the venous wall by liberated enzymes[5]. Our case was associated with non-necrotizing, alcoholic pancreatitis. The portal vein was mainly
involved, although venous thromboses also occurred in
the distal splenic vein and superior mesenteric vein.
Specific therapeutic management for portal vein
thrombosis seems to be mandatory to resolve portal
vein obstruction, thereby preventing the development
of chronic portal vein thrombosis and avoiding serious
complications, such as portal vein hypertension, mesenteric ischemia, and infarction[2,3]. However, randomized
controlled studies on the efficacies of most forms of
therapy for portal vein thrombosis are lacking. The use
of unfractionated heparin, with subsequent transition
to oral warfarin is the most common approach to anticoagulation[2], while Gonzelez et al[8] recently reported
that recanalization is observed in almost one third of
patients, irrespective of whether they receive systemic
anticoagulation. The issue of warfarin dose has not been
addressed in randomized trials, and the optimal duration
of anticoagulation is controversial[2]. What is certain is
that the sooner the treatment is given, the better the outcome will be; the rate of recanalization is approximately
69% if anticoagulation is initiated within the first week
after diagnosis, while it falls to 25% when initiated during the second week[3].
In our case, anticoagulation therapy was not started
at an earlier stage of portal venous thrombosis but began after the confirmation of thrombotic progression,
which could explain why the patient achieved only partial portal vein recanalization. Fortunately, the patient did
not develop mesenteric ischemia or infarction, and the
portal vein thrombosis did not worsen further.
Gastrointestinal bleeding in the setting of pancreatitis arises from vascular complications or coexisting
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Figure 1 Abdominal computed tomography images. A: A filling defect and intra-luminal hypoattenuation in the portal vein consistent with acute portal vein thrombosis; B: A 12 mm × 10 mm cystic lesion suggestive of a pseudocyst and extensive inflammatory fluid collections around the pancreatic head; C: A walled-in fluid collection with high attenuation, indicative findings of a hemorrhagic pseudocyst around the pancreatic head and compressed duodenum; D: Reduced hemorrhagic fluid
collections and an air-filled cyst, indicative of a fistula between the duodenum and the pseudocyst.
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Figure 2 Upper gastrointestinal endoscopy. A: Emergency endoscopy shows a 2 cm submucosal tumor-like bulging mass with central ulceration; B: A follow-up
endoscopy image showing a decreased mass size and fistula orifice.

lesions[9,10]. Major gastrointestinal bleeding is considered
to be rare, but its exact incidence is not well established.
According to a recent report of 1356 acute pancreatitis
patients, spontaneous bleeding occurred in 10 patients,
and 6 patients had gastrointestinal bleeding[10]. The most
frequent cause of severe bleeding in pancreatitis is a ruptured pseudoaneurysm, which accounts for approximately
60% of cases, and a hemorrhagic pseudocyst without a
pseudoaneurysm and a capillary, venous, or small vessel
hemorrhage each account for approximately 20% of cases[7,11]. In a review of cases from 1987 to 1996, 31 patients
were found to have developed vascular lesions either in
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the form of hemorrhage into a pseudocyst (12 patients)
or pseudoaneurysms (19 patients)[12].
In the management of any hemorrhage, the early
recognition and investigation of hemorrhagic episodes is
imperative because accurate diagnosis and timely radiological interventional procedures can reduce mortality[7].
Dynamic bolus CT and angiography are considered to
be the most useful means of finding a hemorrhage[13]. In
particular, angiography can play an invaluable role both
in locating the source of bleeding and in the embolization of the bleeding vessel[14]. In the present case, the
diagnosis of a ruptured bleeding pseudocyst was made
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with CT scans and endoscopy, and the ruptured bleeding
pseudocyst confirmed the presence of the fistula tract
and the walled-in fluid collection with high attenuation
around the pancreatic head, providing evidence supportive of a bleeding pseudocyst. Due to the hemodynamically stable clinical conditions and no evidence of pseudoaneurysm formation on CT scans, we did not perform
angiography or surgical therapy and decided to pursue a
“watchful waiting” policy.
The rupture of a pseudocyst into the gastrointestinal
tract either results in no symptoms or leads to melena or
hematemesis that typically requires urgent measures[15].
Although rupture into the surrounding viscera is a wellknown phenomenon, the spontaneous rupture of a
pseudocyst into the upper gastrointestinal tract is very
rarely reported[4,16-21], and the spontaneous rupture of a
pseudocyst into the duodenum most frequently occurs in
the second portion of the duodenum[21]. In the presented
case, the first part of the duodenum was involved, and
rupture into the duodenum led to hematemesis requiring
transfusion.
In our case, the exact pathogenic mechanisms of the
bleeding and rupture of the pancreatic pseudocysts were
unclear. However, we can suggest some possibilities
as to why massive bleeding due to pseudocyst rupture
occurred. First, the pseudocyst may have been tensely
distended because of intra-cystic bleeding caused by
warfarin use and eventually ruptured into the duodenum;
Second, the rupture of the pancreatic pseudocyst could
have developed first, and severe bleeding of the ruptured duodenal mucosa followed due to the anticoagulation therapy. Consequently, we considered that the warfarin either initiated or aggravated the bleeding into the
duodenum. Finally, in this case, it was not clear whether
portal hypertension by portal vein thrombosis affected
the bleeding risk itself and its severity.
In conclusion, we report a rare case of massive upper
gastrointestinal bleeding due to pancreatic pseudocyst
rupture into the duodenum, which developed during
anticoagulation therapy for acute pancreatitis associated
with portal vein thrombosis. Gastroenterologists should
consider a pseudocyst rupture into the gastrointestinal
tract as a bleeding source in patients with pancreatitis
and should also keep in mind that anticoagulants used
to manage portal vein thrombosis associated with acute
pancreatitis can lead to serious bleeding.
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Abstract
Desmoid tumor is a locally invasive, myofibroblastic,
nonmetastatic tumor. Its pathogenesis remains unclear and it may involve genetic abnormalities, sex
hormones and traumatic injury, including surgery.
Postoperative intra-abdominal desmoid tumor is rare,
especially in the retroperitoneum. We report a case
of postoperative retroperitoneal desmoid tumor that
developed 29 mo after the first excision of a gastrointestinal stromal tumor. Sporadic trauma-related intraabdominal desmoid tumors reported in the English
literature are also reviewed. Despite an extremely low
incidence, postoperative desmoid tumor should be
considered in the differential diagnosis when a recurrent neoplasm is found at least one year after operation. However, it is a clinical challenge to distinguish
recurrent malignant neoplasms from desmoid tumors,
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INTRODUCTION
Desmoid tumor (also known as aggressive fibromatosis
or fibromatosis) is an infrequently occurring, locally invasive, nonmetastatic tumor. Desmoid tumors account
for 0.03% of all newly diagnosed neoplasms and 3% of
all soft tissue neoplasms[1]. These tumors originate from
musculoaponeurotic planes and are found intra- and extra-abdominally. The cause of desmoid tumor is unclear
and it may be related to trauma, hormonal factors, or genetic associations[2]. The occurrence of a surgery-related
retroperitoneal desmoid tumor after the excision of gastrointestinal stromal tumor (GIST) is rare. However, despite its scarcity, desmoid tumor should be differentiated
from recurrent neoplasm in diagnosis, especially those
occurring near the previous operative site.
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Immunohistochemical staining of the tumor cells revealed
positive nuclear stains for beta-catenin, but negative stains
for CD117 and CD34 (Figure 1G). A desmoid tumor was
diagnosed pathologically. The patient’s clinical course was
uneventful and no recurrent tumor was found 6 mo after
the third operation.

CASE REPORT
A 56-year-old man complained of epigastralgia for three
weeks without symptomatic improvement after receiving
medical treatment at another hospital in 2009, where a
deep-seated gastric ulcer had been found by panendoscope. Because there had been no symptomatic relief, he
was referred to the in-patient department of our hospital.
On physical examination, abdominal fullness with obvious rebounding pain was noticed. A perforated peptic
ulcer was suspected and an abdominal computed tomography (CT) scan was performed. The abdominal CT scan
revealed a 10-cm gastric mass with perforation (Figure
1A). In May 2009, the patient underwent an emergent
explorative laparotomy with debulking of the intraperitoneal tumor and irrigation. A ruptured GIST, of intermediate risk category, with spreading intra-abdominal
tumors was diagnosed pathologically (Figure 1B and
C). He had no family history of familial adenomatous
polyposis (FAP) or colorectal diseases among his close
relatives. Because the abdominal CT scan had shown
no signs of FAP, colonoscopy was not performed. His
clinical course was uneventful and he was discharged
on day 8 after admission. After the operation, imatinib
(Glivec) 200 mg b.i.d. was prescribed. However, due to
intractable diarrhea, the target therapy was discontinued.
The follow-up abdominal CT scan showed no recurrent
tumor two months after the operation. He was then lost
to follow-up. The patient revisited our out-patient clinic
12 mo later after the previous operation. The abdominal
CT scan showed a 4.7-cm hepatic tumor in segments
6 and 7 and an intra-abdominal 2.5-cm mass located in
the upper greater curvature of the stomach (Figure 1D).
The impression was metastatic GISTs. He received a
second operation with a smooth course in June 2010 and
metastatic GISTs were confirmed pathologically (Figure
1E). However, a 1.9-cm tumor between the pancreatic
tail and splenic hilum was found in the follow-up abdominal CT scan 3 mo after the second operation. The
tumor was located in the incision area of the first debulking operation. The patient refused another operation,
and he was managed with target therapy with imatinib
(Glivec) 200 mg b.i.d., which was well tolerated. A series of follow-up abdominal CT scans were performed.
Fifteen months after the second operation, CT scan
revealed progressive enlargement of the splenic hilar
tumor from 1.9 cm to 3.2 cm (Figure 1F). The patient
continued to take imatinib (Glivec) regularly. Under the
impression of a second recurrent GIST, he underwent
a third operation in October 2011. Intraoperatively, the
tumor was found in the retroperitoneum adhering to the
peri-tumor vessels, nerves and the pancreatic tail. This
tumor was resected en bloc with sacrifice of adjacent vessels and nerves. Grossly, the tumor measured 3.6 cm ×
2.5 cm × 1.1 cm and was elastic with grayish-brown cut
surface. Histologically, the tumor demonstrated proliferative spindle cells in fibrotic background with keloidlike, glassy, hyalinized collagen fibers, nodular fasciitis-like
erythrocyte extravasation and infiltrative growth pattern.
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DISCUSSION
Although desmoid tumor is locally aggressive with infiltrative growth behavior, it is considered to be a benign
neoplasm for its bland cellular appearance, scant mitosis
and lack of metastasis. The term “desmoid” originates
from the Greek word “demos”, meaning band or tendon
like, and was first named by Müller[3] in 1838. Desmoid
tumor accounts for 0.03% of all neoplasms and 3.0% of
all soft tissue tumors[1].
Although the actual cause of desmoid tumor is still
being debated, its likely pathogenesis includes genetic
abnormalities, sex hormones and trauma, including surgical trauma. Kulaylat et al[2] found that 10%-30% of all
sporadic abdominal wall desmoid tumors occurred following surgical intervention and half of these tumors
developed within 4 years after the surgery. Warren [4]
described the criteria for post-traumatic neoplasm, including prior integrity of the tumor site, injury severe
enough to initiate reparative cell proliferation, reasonable
latent period, and tumor compatible with the scar tissue
and anatomic location of the injury. In the present case,
the splenic hilar region was incised during the debulking
operation for the ruptured GIST of the stomach, and
the desmoid tumor occurred 29 mo after the surgery.
The present case of postoperative retroperitoneal desmoid tumor was compatible with Warren’s criteria[4] and
occurred within an appropriate latent period.
The English literature includes 12 cases, including the
present case, of sporadic postoperative intra-abdominal
desmoid tumor[5-15] (Table 1). The male-to-female ratio
was 8:3 (one case showed no gender datum) and the
mean age was 49.6 years (range, 27-79 years). Five of
the 12 cases were located on the mesentery, which is
the most frequent site of this type of desmoid tumor to
date. Tumor sizes ranged from 2.8 cm to 18 cm and the
mean duration from previous operative insult to excision of desmoid tumor was 2.3 years (range, 11 mo to
7 years). It indicates that a reasonable latent period for
this type of desmoid tumor is at least one year. None of
the desmoid tumors was diagnosed preoperatively. This
denotes the diagnostic challenge of this type of desmoid tumor. Ten of the 12 desmoid tumors were widely
excised under the impression of recurrent malignant
neoplasm. No recurrence was found in 8 cases followed
up between 6 mo to 2 years. Up till now, only 3 postoperative desmoid tumors after resection of gastric GIST
have been reported in the literature. Whether GIST is a
risk factor for the development of desmoid tumors or
just a coincidence should be further elucidated.
Recently, the Wingless/Wnt signaling pathway was
hypothesized to be involved in the tumorigenesis of
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Figure 1 Abdominal computed tomography images and pathologic features of gastrointestinal stromal tumor, metastatic hepatic gastrointestinal stromal
tumor and retroperitoneal desmoid tumor. A: Abdominal computed tomography (CT) scan reveals a 10-cm tumor (arrow) located at the greater curvature of the
stomach; B: The excised specimen discloses a patch of gastric mucosa with a central deep-seated ulcer and the gastrointestinal stromal tumor adhering to the red yellow omental tissues; C: Histologically, the 10-cm gastric tumor demonstrated sheets of CD117-positive epithelioid cells after immunohistochemical (IHC) staining (right
lower inset), hematoxylin and eosin (HE) stain, ×200; D: The follow-up abdominal CT scan shows metastatic tumors in the liver (left lower arrow) and upper greater
curvature of the stomach (right upper arrow); E: The histology of metastatic liver tumor demonstrated nests and sheets of CD117-positive epithelioid tumor cells (right
lower inset, IHC stain). Entrapped hepatocytes are seen in the middle lower portion, HE stain, ×200; F: Abdominal CT scan discloses a tumor neogrowth (arrow)
located in the retroperitoneum between the pancreatic tail and splenic hilar region; G: Histologically, the retroperitoneal tumor demonstrated proliferative spindle cells
with keloid-like bundles and erythrocyte extravasation, HE stain, ×200. IHC staining reveals a positive nuclear beta-catenin in spindle cells (right lower inset).
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Table 1 Sporadic postoperative intra-abdominal desmoid tumors reported in the literature
No.

Authors

Sex/age

Location

1

Mizuno et al[5]

M/61

2

Liao et al[6]

F/79

3
4

Khan et al[7]
Vendrell et al[8]

-/37
M/58

Mesentery near
anastomosis
Left lower
abdomen
Mesentery
Posterior side of
stomach

5

Komatsu et al[9]

M/50

6

Tamura et al[10]

F/73

7

Lawatsch et al[11]

M/27

8

Lai et al[12]

M/45

9

Firoozmand et al[13]

F/27

10

Little et al[14]

M/31

11

Pasciak et al[15]

M/51

12

Shih et al, present

M/56

Tumor
size(cm)

Diagnosis of
previous operation

Type of primary
trauma

2.8

Ascending colon
cancer (pT3N1M0)
Encapsulated
lipoma
Gastric GIST
Gastric GIST

17 × 14× 13
6 × 4.5 × 4
8×6×4

Duration

Treatment

R/F

Right
hemicolectomy
Resection

16 mo

Excision with ileum
and colon
Excision

N/2 yr

Total gastrectomy
Laparoscopic
tumorectomy

11 mo
2 yr

Mesentery in left
10 × 6
Gastric adenocarci- Total gastrectomy
upper abdominal
noma (pT3N1M0)
cavity
Mesentery of
6.3 × 5 × 5
Gastric cancer
Total gastrectomy
jejunal pouch
(pT1N1M0)
Retroperitoneum 17 × 13.5 × 8.5 Mixed germ cell
Retroperitoneal
tumor of right testis
lymph node
dissection
Anterior lower
Mesenteric injury
Abdominal surabdomen
and bowel gangrene
gery
Pelvic
17 × 14 × 10
Colectomy with
ileoanal J pouch
anastomosis
Left upper
12 to 14
Mixed germ cell
Retroperitoneal
abdomen
tumor of right testis
lymph node
dissection
Mesentery
18 × 12 × 11
Transitional cell
Radical cysteccarcinoma of
tomy
urinary bladder
Retroperitoneum 3.6 × 2.5 × 1.1
Gastric GIST
Exploratory
debulking

7 yr

1 yr

1 yr
2 yr

N/6 mo

Excision
N/8 mo
Wide excision with
splenectomy and total
gastrectomy
Excision with jejunum N/9 mo

Excision and
reconstruction
Excision with ileum
and colon

N/4 yr
N/10 mo

1 yr

Excision with ileum

-

4 yr

En bloc resection

-

2 yr

Excision with jejunum N/18 mo

3 yr

Excision with small
bowel

-

29 mo

En bloc excision

N/6 mo

R: Recurrency; F: Follow-up; N: No; -: Not mentioned; GIST: Gastrointestinal stromal tumor.

desmoid tumors, especially the two key proteins, adenomatous polyposis coli (APC) and beta-catenin[16]. APC
is considered to be a tumor suppressor gene and betacatenin an oncogene. Sporadic desmoid tumors typically
present oncogenic mutation in beta-catenin. However,
FAP-associated desmoid tumors are associated with
germline APC mutation followed by somatic inactivation
of the wild-type APC allele[17,18]. Beta-catenin protein
level is upregulated in desmoid tumors, due to either
APC mutations and subsequent ineffective regulation of
beta-catenin activation, or beta-catenin gene mutations
that led to stabilization and constitutive activation of the
beta-catenin. These pathways indicated that the expression of nuclear beta-catenin may play a role in the differential diagnosis of desmoid tumors from fibroblastic or
smooth muscle neoplasms[16].
Primary wide surgical resection with tumor-free
margins is the treatment of choice for desmoid tumor.
This surgical strategy made it essential to sometimes
sacrifice the adhered normal vital tissues such as vessels
and nerves. Resections with tumor-positive margins indicate a high risk of recurrence, and secondary resection,
chemotherapy or radiotherapy may be performed consequently according to the patient’s condition[19]. Garbay
et al[20] treated 62 patients with cytotoxic chemotherapy
for progressive or recurrent desmoid tumors, and 80%
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of the patients had a clinical benefit (objective response
plus stable disease) from the cytotoxic chemotherapy.
Anthracycline-containing regimens appeared to be associated with a higher response rate. Radiotherapy for
unresectable cases or local tumor control after surgery
has been empirically applied in some instances[21]. However, the efficacy of the adjuvant treatment still needs
to be further elucidated. Recently, three discrete mutations (ACC41GCC, TCT45TTT and TCT45CCT) in two
codons of CTNNB1 exon 3 were reported[22]. Target
therapy for desmoid tumor may be feasible and become
another treatment option in the future.
Postoperative intra-abdominal desmoid tumor is
exceptionally rare and is often overlooked by clinicians.
Most clinicians believe that a tumor with locally infiltrative
growth behavior in patients with a history of malignancy
is a recurrent malignant tumor, and a wide excision with
sacrifice of adjacent organs is usually done. However, despite an extremely low incidence, a postoperative desmoid
tumor should be included in the differential diagnoses.
In conclusion, postoperative intra-abdominal desmoid tumor is rare and a correct preoperative diagnosis
is a clinical challenge. Physicians should keep in mind
the possibility that a postoperative desmoid tumor may
appear as a so-called “recurrent” neoplasm, especially
when the tumor presents at the previous surgical site.
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Text
For articles of these sections, original articles and brief articles, the main text should be structured into the following sections: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm.

cording to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability[1,2]”. If references are cited
directly in the text, they should be put together within the text, for
example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself.
File names should identify the figure and panel. Avoid layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the printed and E-versions.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be
used in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.
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Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).

Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic
numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
Examples for paper writing
Editorial: http://www.wjgnet.com/1007-9327/g_info_20100315
220036.htm
Frontier: http://www.wjgnet.com/1007-9327/g_info_20100315
220305.htm
Topic highlight: http://www.wjgnet.com/1007-9327/g_info_20
100315220601.htm
Observation: http://www.wjgnet.com/1007-9327/g_info_201003
12232427.htm
Guidelines for basic research: http://www.wjgnet.com/1007-93
27/g_info_20100315220730.htm
Guidelines for clinical practice: http://www.wjgnet.com/10079327/g_info_20100315221301.htm
Review: http://www.wjgnet.com/1007-9327/g_info_20100315
221554.htm
Original articles: http://www.wjgnet.com/1007-9327/g_info_20
100315221814.htm

Statistical data
Write as mean ± SD or mean ± SE.
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Case report: http://www.wjgnet.com/1007-9327/g_info_2010
0315221946.htm

com/1007-9327/g_info_20100315222607.htm.
Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Letters to the editor: http://www.wjgnet.com/1007-9327/g_info_
20100315222254.htm
Book reviews: http://www.wjgnet.com/1007-9327/g_info_2010
0312231947.htm

Links to documents related to the manuscript
WJG will be initiating a platform to promote dynamic interactions between the editors, peer reviewers, readers and authors.
After a manuscript is published online, links to the PDF version
of the submitted manuscript, the peer-reviewers’ report and the
revised manuscript will be put on-line. Readers can make comments on the peer reviewer’s report, authors’ responses to peer
reviewers, and the revised manuscript. We hope that authors will
benefit from this feedback and be able to revise the manuscript
accordingly in a timely manner.

Guidelines: http://www.wjgnet.com/1007-9327/g_info_2010
0312232134.htm

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade B certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

Science news releases
Authors of accepted original articles are suggested to write science
news to promote their articles. The news will be released rapidly at
EurekAlert/AAAS (http://www.eurekalert.org). The title for science news should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news should be lawful, ethical, and strictly based on your original
content with an attractive title and interesting pictures.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A or B.

Publication fee
WJG is an international, peer-reviewed, Open-Access, online journal. Articles published by this journal are distributed under the
terms of the Creative Commons Attribution Non-commercial
License, which permits use, distribution, and reproduction in any
medium, provided the original work is properly cited, the use is
non commercial and is otherwise in compliance with the license.
Authors of accepted articles must pay a publication fee. The
related standards are as follows. Publication fee: 1365 USD per
article. Editorial, topic highlights, book reviews and letters to the
editor are published free of charge.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
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Bian zhao-xiang, Hong Kong
Wei-Dong Tong, Chongqing

De Aretxabala Xabier, Santiago
Marcelo A Beltran, La Serena
Silvana Zanlungo, Santiago

Milan Jirsa, Praha
Pavel Trunečka, Prague
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Ondrej Slaby, Brno
Radan Bruha, Prague

China
Chi-Hin Cho, Hong Kong
Chun-Qing Zhang, Jinan
Ren Xiang Tan, Nanjing
Fei Li, Beijing
Hui-Jie Bian, Xi'an
Xiao-Peng Zhang, Beijing
Xing-Hua Lu, Beijing
Fu-Sheng Wang, Beijing
An-Gang Yang, Xi’an
Xiao-Ping Chen, Wuhan
Zong-Jie Cui, Beijing
Ming-Liang He, Hong Kong
Yuk-Tong Lee, Hong Kong
Qin Su, Beijing
Jian-Zhong Zhang, Beijing
Paul Kwong-Hang Tam, Hong Kong
Wen-Rong Xu, Zhenjiang
Chun-Yi Hao, Beijing
San-Jun Cai, Shanghai
Simon Law, Hong Kong
Yuk Him Tam, Hong Kong
De-Liang Fu, Shanghai
Eric WC Tse, Hong Kong

II

Denmark
Asbjørn M Drewes, Aalborg
Leif Percival Andersen, Copenhagen
Jan Mollenhauer, Odense C
Morten Frisch, Copenhagen S
Jorgen Rask-Madsen, Skodsborg
Morten Hylander Møller, Holte
Søren Rafaelsen, Vejle
Vibeke Andersen, Aabenraa
Ole Haagen Nielsen, Herlev

Ecuador
Fernando E Sempértegui, Quito

Egypt
Zeinab Nabil Ahmed Said, Cairo
Hussein M Atta, El-Minia
Asmaa Gaber Abdou, Shebein Elkom
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Maha Maher Shehata, Mansoura

Estonia
Riina Salupere, Tartu
Tamara Vorobjova, Tartu

Finland
Saila Kauhanen, Turku
Pauli Antero Puolakkainen, Turku
Minna Nyström, Helsinki
Juhani Sand, Tampere
Jukka-Pekka Mecklin, Jyvaskyla
Lea Veijola, Helsinki
Kaija-Leena Kolho, Helsinki
Thomas Kietzmann, Oulu

France
Boris Guiu, Dijon
Baumert F Thomas, Strasbourg
Alain L Servin, Châtenay-Malabry
Patrick Marcellin, Paris
Jean-Jacques Tuech, Rouen
Francoise L Fabiani, Angers
Jean-Luc Faucheron, Grenoble
Philippe Lehours, Bordeaux
Stephane Supiot, Nantes
Lionel Bueno, Toulouse
Flavio Maina, Marseille
Paul Hofman, Nice
Abdel-Majid Khatib, Paris
Annie Schmid-Alliana, Nice cedex 3
Frank Zerbib, Bordeaux Cedex
Rene Gerolami Santandera, Marseille
Sabine Colnot, Paris
Catherine Daniel, Lille Cedex
Thabut Dominique, Paris
Laurent Huwart, Paris
Alain Braillon, Amiens
Bruno Bonaz, Grenoble
Evelyne Schvoerer, Strasbourg
M Coeffier, Rouen
Mathias Chamaillard, Lille
Hang Nguyen, Clermont-Ferrand
Veronique Vitton, Marseille
Alexis Desmoulière, Limoges
Juan Iovanna, Marseille

Germany
Hans L Tillmann, Leipzig
Stefan Kubicka, Hannover
Elke Cario, Essen
Hans Scherubl, Berlin
Harald F Teutsch, Ulm
Peter Konturek, Erlangen
Thilo Hackert, Heidelberg
Jurgen M Stein, Frankfurt
Andrej Khandoga, Munich
Karsten Schulmann, Bochum
Jutta Elisabeth Lüttges, Riegelsberg
Wolfgang Hagmann, Heidelberg
Hubert Blum, Freiburg
Thomas Bock, Berlin
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Christa Buechler, Regensburg
Christoph F Dietrich, Bad Mergentheim
Ulrich R Fölsch, Kiel
Nikolaus Gassler, Aachen
Markus Gerhard, Munich
Dieter Glebe, Giessen
Klaus R Herrlinger, Stuttgart
Eberhard Hildt, Berlin
Joerg C Hoffmann, Ludwigshafen
Joachim Labenz, Siegen
Peter Malfertheiner, Magdeburg
Sabine Mihm, Göttingen
Markus Reiser, Bochum
Steffen Rickes, Magdeburg
Andreas G Schreyer, Regensburg
Henning Schulze-Bergkamen, Heidelberg
Ulrike S Stein, Berlin
Wolfgang R Stremmel, Heidelberg
Fritz von Weizsäcker, Berlin
Stefan Wirth, Wuppertal
Dean Bogoevski, Hamburg
Bruno Christ, Halle/Saale
Peter N Meier, Hannover
Stephan Johannes Ott, Kiel
Arndt Vogel, Hannover
Dirk Haller, Freising
Jens Standop, Bonn
Jonas Mudter, Erlangen
Jürgen Büning, Lübeck
Matthias Ocker, Erlangen
Joerg Trojan, Frankfurt
Christian Trautwein, Aachen
Jorg Kleeff, Munich
Christian Rust, Munich
Claus Hellerbrand, Regensburg
Elke Roeb, Giessen
Erwin Biecker, Siegburg
Ingmar Königsrainer, Tübingen
Jürgen Borlak, Hannover
Axel M Gressner, Aachen
Oliver Mann, Hamburg
Marty Zdichavsky, Tübingen
Christoph Reichel, Bad Brückenau
Nils Habbe, Marburg
Thomas Wex, Magdeburg
Frank Ulrich Weiss, Greifswald
Manfred V Singer, Mannheim
Martin K Schilling, Homburg
Philip D Hard, Giessen
Michael Linnebacher, Rostock
Ralph Graeser, Freiburg
Rene Schmidt, Freiburg
Robert Obermaier, Freiburg
Sebastian Mueller, Heidelberg
Andrea Hille, Goettingen
Klaus Mönkemüller, Bottrop
Elfriede Bollschweiler, Köln
Siegfried Wagner, Deggendorf
Dieter Schilling, Mannheim
Joerg F Schlaak, Essen
Michael Keese, Frankfurt
Robert Grützmann, Dresden
Ali Canbay, Essen
Dirk Domagk, Muenster
Jens Hoeppner, Freiburg
Frank Tacke, Aachen
Patrick Michl, Marburg
Alfred A Königsrainer, Tübingen
Kilian Weigand, Heidelberg
Mohamed Hassan, Duesseldorf
Gustav Paumgartner, Munich

III

Philipe N Khalil, Munich
Martin Storr, Munich

Greece
Andreas Larentzakis, Athens
Tsianos Epameinondas, Ioannina
Elias A Kouroumalis, Heraklion
Helen Christopoulou-Aletra, Thessaloniki
George Papatheodoridis, Athens
Ioannis Kanellos, Thessaloniki
Michael Koutsilieris, Athens
T Choli-Papadopoulou, Thessaloniki
Emanuel K Manesis, Athens
Evangelos Tsiambas, Ag Paraskevi Attiki
Konstantinos Mimidis, Alexandroupolis
Spilios Manolakopoulos, Athens
Spiros Sgouros, Athens
Ioannis E Koutroubakis, Heraklion
Stefanos Karagiannis, Athens
Spiros Ladas, Athens
Elena Vezali, Athens
Dina G Tiniakos, Athens
Ekaterini Chatzaki, Alexandroupolis
Dimitrios Roukos, Ioannina
George Sgourakis, Athens
Maroulio Talieri, Athens

Hungary
Peter L Lakatos, Budapest
Yvette Mándi, Szeged
Ferenc Sipos, Budapest
György M Buzás, Budapest
László Czakó, Szeged
Peter Hegyi, Szeged
Zoltan Rakonczay, Szeged
Gyula Farkas, Szeged
Zsuzsa Szondy, Debrecen
Gabor Veres, Budapest
Zsuzsa Schaff, Budapest

India
Philip Abraham, Mumbai
Sri P Misra, Allahabad
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Rakesh Kumar Tandon, New Delhi
Jai Dev Wig, Chandigarh
Uday C Ghoshal, Lucknow
Pramod Kumar Garg, New Delhi
Barjesh Chander Sharma, New Delhi
Gopal Nath, Varanasi
Bhupendra Kumar Jain, Delhi
Devinder Kumar Dhawan, Chandigarh
Ashok Kumar, Lucknow
Benjamin Perakath, Tamil Nadu
Debidas Ghosh, Midnpore
Pankaj Garg, Panchkula
Samiran Nundy, New Delhi
Virendra Singh, Chandigarh
Bikash Medhi, Chandigarh
Radha K Dhiman, Chandigarh
Vandana Panda, Mumbai
Vineet Ahuja, New Delhi
SV Rana, Chandigarh
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Deepak N Amarapurkar, Mumbai
Abhijit Chowdhury, Kolkata
Jasbir Singh, Kurukshetra
B Mittal, Lucknow
Sundeep Singh Saluja, New Delhi
Pradyumna Kumar Mishra, Mumbai
Runu Chakravarty, Kolkata
Nagarajan Perumal, New Delhi

Indonesia
David handojo Muljono, Jakarta
Andi Utama, Tangerang

Iran
Seyed-Moayed Alavian, Tehran
Reza Malekzadeh, Tehran
Peyman Adibi, Isfahan
Alireza Mani, Tehran
Seyed Mohsen Dehghani, Shiraz
Mohammad Abdollahi, Tehran
Majid Assadi, Bushehr
Arezoo Aghakhani, Tehran
Marjan Mohammadi, Tehran
Fariborz Mansour-Ghanaei, Rasht

Ireland
Ross McManus, Dublin
Billy Bourke, Dublin
Catherine Greene, Dublin
Ted Dinan, Cork
Marion Rowland, Dublin

Israel
Abraham R Eliakim, Haifa
Simon Bar-Meir, Tel Hashomer
Ami D Sperber, Beer-Sheva
Boris Kirshtein, Beer Sheva
Mark Pines, Bet Dagan
Menachem Moshkowitz, Tel-Aviv
Ron Shaoul, Haifa
Shmuel Odes, Beer Sheva
Sigal Fishman, Tel Aviv
Alexander Becker, Afula
Assy Nimer, Safed
Eli Magen, Ashdod
Amir Shlomai, Tel-Aviv

Italy
Mauro Bortolotti, Bologna
Gianlorenzo Dionigi, Varese
Fiorucci Stefano, Perugia
Roberto Berni Canani, Naples
Ballarin Roberto, Modena
Bruno Annibale, Roma
Vincenzo Stanghellini, Bologna
Giovanni B Gaeta, Napoli
Claudio Bassi, Verona
Mauro Bernardi, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome
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Dario Conte, Milano
Francesco Costa, Pisa
Giovanni D De Palma, Naples
Giammarco Fava, Ancona
Francesco Feo, Sassari
Edoardo G Giannini, Genoa
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Pietro Invernizzi, Milan
Ezio Laconi, Cagliari
Giuseppe Montalto, Palermo
Giovanni Musso, Torino
Gerardo Nardone, Napoli
Valerio Nobili, Rome
Raffaele Pezzilli, Bologna
Alberto Piperno, Monza
Anna C Piscaglia, Roma
Piero Portincasa, Bari
Giovanni Tarantino, Naples
Cesare Tosetti, Porretta Terme
Alessandra Ferlini, Ferrara
Alessandro Ferrero, Torino
Donato F Altomare, Bari
Giovanni Milito, Rome
Giuseppe Sica, Rome
Guglielmo Borgia, Naples
Giovanni Latella, L'Aquila
Salvatore Auricchio, Naples
Alberto Biondi, Rome
Alberto Tommasini, Trieste
Antonio Basoli, Roma
Giuliana Decorti, Trieste
Marco Silano, Roma
Michele Reni, Milan
Pierpaolo Sileri, Rome
Achille Iolascon, Naples
Alessandro Granito, Bologna
Angelo A Izzo, Naples
Giuseppe Currò, Messina
Pier Mannuccio Mannucci, Milano
Marco Vivarelli, Bologna
Massimo Levrero, Rome
Massimo Rugge, Padova
Paolo Angeli, Padova
Silvio Danese, Milano
Antonello Trecca, Rome
Antonio Gasbarrini, Rome
Cesare Ruffolo, Treviso
Massimo Falconi, Verona
Fausto Catena, Bologna
Francesco Manguso, Napoli
Giancarlo Mansueto, Verona
Luca Morelli, Trento
Marco Scarpa, Padova
Mario M D'Elios, Florence
Francesco Luzza, Catanzaro
Franco Roviello, Siena
Guido Torzilli, Rozzano Milano
Luca Frulloni, Verona
Lucia Malaguarnera, Catania
Lucia Ricci Vitiani, Rome
Mara Massimi, L'Aquila
Mario Pescatori, Rome
Mario Rizzetto, Torino
Mirko D’Onofrio, Verona
Nadia Peparini, Rome
Paola De Nardi, Milan
Paolo Aurello, Rome
Piero Amodio, Padova
Riccardo Nascimbeni, Brescia

IV

Vincenzo Villanacci, Brescia
Vittorio Ricci, Pavia
Silvia Fargion, Milan
Luigi Bonavina, Milano
Oliviero Riggio, Rome
Fabio Pace, Milano
Gabrio Bassotti, Perugia
Giulio Marchesini, Bologna
Roberto de Franchis, Milano
Giovanni Monteleone, Rome
C armelo Scarpignato, Parma
Luca VC Valenti, Milan
Urgesi Riccardo, Rome
Marcello Persico, Naples
Antonio Moschetta, Bari
Luigi Muratori, Bologna
Angelo Zullo, Roma
Vito Annese, Florence
Simone Lanini, Rome
Alessandro Grasso, Savona
Giovanni Targher, Verona
Domenico Girelli, Verona
Alessandro Cucchetti, Bologna
Fabio Marra, Florence
Michele Milella, Rome
Francesco Franceschi, Rome
Giuseppina De Petro, Brescia
Salvatore Leonardi, Catania
Cristiano Simone, Santa Maria Imbaro
Bernardino Rampone, Salerno
Francesco Crea, Pisa
Walter Fries, Messina
Antonio Craxì, Palermo
Gerardo Rosati, Potenza
Mario Guslandi, Milano
Gianluigi Giannelli, Bari
Paola Loria, Modena
Paolo Sorrentino, Avellino
Armando Santoro, Rozzano
Gabriele Grassi, Trieste
Antonio Orlacchio, Rome

Japan
Tsuneo Kitamura, Chiba
Katsutoshi Yoshizato, Higashihiroshima
Masahiro Arai, Tokyo
Shinji Tanaka, Hiroshima
Keiji Hirata, Kitakyushu
Yoshio Shirai, Niigata
Susumu Ohmada, Maebashi
Kenichi Ikejima, Tokyo
Masatoshi Kudo, Osaka
Yoshiaki Murakami, Hiroshima
Masahiro Tajika, Nagoya
Kentaro Yoshika, Toyoake
Kyoichi Adachi, Izumo
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Hitoshi Asakura, Tokyo
Mitsuhiro Fujishiro, Tokyo
Toru Hiyama, Higashihiroshima
Yutaka Inagaki, Kanagawa
Hiromi Ishibashi, Nagasaki
Shunji Ishihara, Izumo
Toru Ishikawa, Niigata
Yoshiaki Iwasaki, Okayama
Terumi Kamisawa, Tokyo
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Norihiro Kokudo, Tokyo
Shin Maeda, Tokyo
Yasushi Matsuzaki, Ibaraki
Kenji Miki, Tokyo
Hiroto Miwa, Hyogo
Yoshiharu Motoo, Kanazawa
Kunihiko Murase, Tusima
Atsushi Nakajima, Yokohama
Yuji Naito,
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Mikio Nishioka, Niihama
Hirohide Ohnishi, Akita
Kazuichi Okazaki, Osaka
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo
Yasushi Sano, Kobe
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Toyama
Shinji Shimoda, Fukuoka
Masayuki Sho, Nara
Hidekazu Suzuki, Tokyo
Shinji Togo, Yokohama
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Akihito Nagahara, Tokyo
Hiroaki Takeuchi, Kochi
Keiji Ogura, Tokyo
Kotaro Miyake, Tokushima
Mitsunori Yamakawa, Yamagata
Naoaki Sakata, Sendai
Naoya Kato, Tokyo
Satoshi Mamori, Hyogo
Shogo Kikuchi, Aichi
Shoichiro Sumi, Kyoto
Susumu Ikehara, Osaka
Taketo Yamaguchi, Chiba
Tokihiko Sawada, Tochigi
Tomoharu Yoshizumi, Fukuoka
Toshiyuki Ishiwata, Tokyo
Yasuhiro Fujino, Akashi
Yasuhiro Koga, Isehara city
Yoshihisa Takahashi, Tokyo
Yoshitaka Takuma, Okayama
Yutaka Yata, Maebashi-city
Itaru Endo, Yokohama
Kazuo Chijiiwa, Miyazaki
Kouhei Fukushima, Sendai
Masahiro Iizuka, Akita
Mitsuyoshi Urashima, Tokyo
Munechika Enjoji, Fukuoka
Takashi Kojima, Sapporo
Takumi Kawaguchi, Kurume
Yoshiyuki Ueno, Sendai
Yuichiro Eguchi, Saga
Akihiro Tamori, Osaka
Atsushi Masamune, Sendai
Atsushi Tanaka, Tokyo
Hitoshi Tsuda, Tokyo
Takashi Kobayashi, Tokyo
Akimasa Nakao, Nagogya
Hiroyuki Uehara, Osaka
Masahito Uemura, Kashihara
Satoshi Tanno, Sapporo
Toshinari Takamura, Kanazawa
Yohei Kida, Kainan
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Masanori Hatakeyama, Tokyo
Satoru Kakizaki, Gunma
Shuhei Nishiguchi, Hyogo
Yuichi Yoshida, Osaka
Manabu Morimoto, Japan
Mototsugu Kato, Sapporo
Naoki Ishii, Tokyo
Noriko Nakajima, Tokyo
Nobuhiro Ohkohchi, Tsukuba
Takanori Kanai, Tokyo
Kenichi Goda, Tokyo
Mitsugi Shimoda, Mibu
Zenichi Morise, Nagoya
Hitoshi Yoshiji, Kashihara
Takahiro Nakazawa, Nagoya
Utaroh Motosugi, Yamanashi
Nobuyuki Matsuhashi, Tokyo
Yasuhiro Kodera, Nagoya
Takayoshi Ito, Tokyo
Yasuhito Tanaka, Nagoya
Haruhiko Sugimura, Hamamatsu
Hiroki Yamaue, Wakayama
Masao Ichinose, Wakayama
Takaaki Arigami, Kagoshima
Nobuhiro Zaima, Nara
Naoki Tanaka, Matsumoto
Satoru Motoyama, Akita
Tomoyuki Shibata, Toyoake
Tatsuya Ide, Kurume
Tsutomu Fujii, Nagoya
Osamu Kanauchi, Toky
Atsushi Irisawa, Aizuwakamatsu
Hikaru Nagahara, Tokyo
Keiji Hanada, Onomichi
Keiichi Mitsuyama, Fukuoka
Shin Maeda, Yokohama
Takuya Watanabe, Niigata
Toshihiro Mitaka, Sapporo
Yoshiki Murakami, Kyoto
Tadashi Shimoyama, Hirosaki

Jordan
Ismail Matalka, Irbid
Khaled Jadallah, Irbid

Kuwait
Islam Khan, Safat

Lebanon
Bassam N Abboud, Beirut
Rami Moucari, Beirut
Ala I Sharara, Beirut
Rita Slim, Beirut

Lithuania
Giedrius Barauskas, Kaunas
Limas Kupcinskas, Kaunas

Malaysia
Andrew Seng Boon Chua, Ipoh



Mexico
Saúl Villa-Trevio, México
Omar Vergara-Fernandez, Mexico
Diego Garcia-Compean, Monterrey
Arturo Panduro, Jalisco
Miguel Angel Mercado, Distrito Federal
Richard A Awad, Mexico
Aldo Torre Delgadillo, México
Paulino Martínez Hernández Magro, Celaya
Carlos A Aguilar-Salinas, Mexico
Jesus K Yamamoto-Furusho, Mexico

Morocco
Samir Ahboucha, Khouribga

Moldova
Igor Mishin, Kishinev

Netherlands
Ulrich Beuers, Amsterdam
Albert Frederik Pull ter Gunne, Tilburg
Jantine van Baal, Heidelberglaan
Wendy Wilhelmina Johanna de Leng, Utrecht
Gerrit A Meijer, Amsterdam
Lee Bouwman, Leiden
J Bart A Crusius, Amsterdam
Frank Hoentjen, Haarlem
Servaas Morré, Amsterdam
Chris JJ Mulder, Amsterdam
Paul E Sijens, Groningen
Karel van Erpecum, Utrecht
BW Marcel Spanier, Arnhem
Misha Luyer, Sittard
Pieter JF de Jonge, Rotterdam
Robert Christiaan Verdonk, Groningen
John Plukker, Groningen
Maarten Tushuizen, Amsterdam
Wouter de Herder, Rotterdam
Erwin G Zoetendal, Wageningen
Robert J de Knegt, Rotterdam
Albert J Bredenoord, Nieuwegein
Annemarie de Vries, Rotterdam
Astrid van der Velde, Ede
Lodewijk AA Brosens, Utrecht
James CH Hardwick, Leiden
Loes van Keimpema, Nijmegen
WJ de Jonge, Amsterdam
Zuzana Zelinkova, Rotterdam
LN van Steenbergen, Eindhoven
Frank G Schaap, Amsterdam
Jeroen Maljaars, Leiden

New Zealand
A�������������
ndrew S Day, Christchurch
Max S Petrov, Auckland

Norway
Espen Melum, Oslo
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Trine Olsen, Tromsø
Eyvind J Paulssen, Tromsø
Rasmus Goll, Tromsø
Asle W Medhus, Oslo
Jon Arne Søreide, Stavanger
Kjetil Soreide, Stavanger
Reidar Fossmark, Trondheim
Trond Peder Flaten, Trondheim
Olav Dalgard, Oslo
Ole Høie, Arendal
Magdy El-Salhy, Bergen
Jørgen Valeur, Oslo

Singapore
Brian Kim Poh Goh, Singapore
Khek-Yu Ho, Singapore
Fock Kwong Ming, Singapore
Francis Seow-Choen, Singapore
Kok Sun Ho, Singapore
Kong Weng Eu, Singapore
Madhav Bhatia, Singapore
London Lucien Ooi, Singapore
Wei Ning Chen, Singapore
Richie Soong, Singapore
Kok Ann Gwee, Singapore

Pakistan
Shahab Abid, Karachi
Syed MW Jafri, Karachi

Slovenia
Matjaz Homan, Ljubljana

Poland
Beata Jolanta Jablońska, Katowice
Halina Cichoż-Lach, Lublin
Tomasz Brzozowski, Cracow
Hanna Gregorek, Warsaw
Marek Hartleb, Katowice
Stanislaw J Konturek, Krakow
Andrzej Dabrowski, Bialystok
Jan Kulig, Kraków
Julian Swierczynski, Gdansk
Marek Bebenek, Wroclaw
Dariusz M Lebensztejn, Bialystok

Portugal
Ricardo Marcos, Porto
Guida Portela-Gomes, Estoril
Ana Isabel Lopes, Lisboa Codex
Raquel Almeida, Porto
Rui Tato Marinho, Lisbon
Ceu Figueiredo, Porto

Romania
Dan L Dumitrascu, Cluj
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Anca Trifan, Iasi

Russia
Vasiliy I Reshetnyak, Moscow

Saudi Arabia
Ibrahim A Al Mofleh, Riyadh
Abdul-Wahed Meshikhes, Qatif
Faisal Sanai, Riyadh

Serbia
Tamara M Alempijevic, Belgrade
Dusan M Jovanovic, Sremska Kamenica
Zoran Krivokapic, Belgrade
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South Africa
Rosemary Joyce Burnett, Pretoria
Michael Kew, Cape Town
Roland Ndip, Alice

South Korea
Byung Chul Yoo, Seoul
Jae J Kim, Seoul
Jin-Hong Kim, Suwon
Marie Yeo, Suwon
Jeong Min Lee, Seoul
Eun-Yi Moon, Seoul
Joong-Won Park, Goyang
Hoon Jai Chun, Seoul
Myung-Gyu Choi, Seoul
Sang Kil Lee, Seoul
Sang Yeoup Lee, Gyeongsangnam-do
Won Ho Kim, Seoul
Dae-Yeul Yu, Daejeon
Donghee Kim, Seoul
Sang Geon Kim, Seoul
Sun Pyo Hong, Geonggi-do
Sung-Gil Chi, Seoul
Yeun-Jun Chung, Seoul
Ki-Baik Hahm, Incheon
Ji Kon Ryu, Seoul
Kyu Taek Lee, Seoul
Yong Chan Lee, Seoul
Seong Gyu Hwang, Seongnam
Seung Woon Paik, Seoul
Sung Kim, Seoul
Hong Joo Kim, Seoul
Hyoung-Chul Oh, Seoul
Nayoung Kim, Seongnam-si
Sang Hoon Ahn, Seoul
Seon Hahn Kim, Seoul
Si Young Song, Seoul
Young-Hwa Chung, Seoul
Hyo-Cheol Kim, Seoul
Kwang Jae Lee, Swon
Sang Min Park, Seoul
Young Chul Kim, Seoul
Do Hyun Park, Seoul
Dae Won Jun, Seoul
Dong Wan Seo, Seoul
Soon-Sun Hong, Incheon

VI

Hoguen Kim, Seoul
Ho-Young Song, Seoul
Joo-Ho Lee, Seoul
Jung Eun Lee, Seoul
Jong H Moon, Bucheon

Spain
Eva Vaquero, Barcelona
Andres Cardenas, Barcelona
Laureano Fernández-Cruz, Barcelona
Antoni Farré, Spain
Maria-Angeles Aller, Madrid
Raul J Andrade, Málaga
Fernando Azpiroz, Barcelona
Josep M Bordas, Barcelona
Antoni Castells, Barcelona
Vicente Felipo, Valencia
Isabel Fabregat, Barcelona
Angel Lanas, Zaragoza
Juan-Ramón Larrubia, Guadalajara
María IT López, Jaén
Jesús M Prieto, Pamplona
Mireia Miquel, Sabadell
Ramon Bataller, Barcelona
Fernando J Corrales, Pamplona
Julio Mayol, Madrid
Matias A Avila, Pamplona
Juan Macías, Seville
Juan Carlos Laguna Egea, Barcelona
Juli Busquets, Barcelona
Belén Beltrán, Valencia
José Manuel Martin-Villa, Madrid
Lisardo Boscá, Madrid
Luis Grande, Barcelona
Pedro Lorenzo Majano Rodriguez, Madrid
Adolfo Benages, Valencia
Domínguez-Muñoz JE, Santiago de Compostela
Gloria González Aseguinolaza, Navarra
Javier Martin, Granada
Luis Bujanda, San Sebastián
Matilde Bustos, Pamplona
Luis Aparisi, Valencia
José Julián calvo Andrés, Salamanca
Benito Velayos, Valladolid
Javier Gonzalez-Gallego, León
Ruben Ciria, Córdoba
Francisco Rodriguez-Frias, Barcelona
Manuel Romero-Gómez, Sevilla
Albert Parés, Barcelona
Joan Roselló-Catafau, Barcelona

Sri Lanka
Arjuna De Silva, Kelaniya

Sweden
Stefan G Pierzynowski, Lund
Hanns-Ulrich Marschall, Stockholm
Lars A Pahlman, Uppsala
Helena Nordenstedt, Stockholm
Bobby Tingstedt, Lund
Evangelos Kalaitzakis, Gothenburg
Lars Erik Agréus, Huddinge
Annika Lindblom, Stockholm
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Roland Andersson, Lund
Zongli Zheng, Stockholm
Mauro D'Amato, Huddinge
Greger Lindberg, Stockholm
Pär Erik Myrelid, Linköping
Sara Lindén, Göteborg
Sara Regnér, Malmö
Åke Nilsson, Lund

Switzerland
Jean L Frossard, Geneva
Andreas Geier, Zürich
Bruno Stieger, Zürich
Pascal Gervaz, Geneva
Paul M Schneider, Zurich
Felix Stickel, Berne
Fabrizio Montecucco, Geneva
Inti Zlobec, Basel
Michelangelo Foti, Geneva
Pascal Bucher, Geneva
Andrea De Gottardi, Berne
Christian Toso, Geneva

Thailand
Weekitt Kittisupamongkol, Bangkok

Trinidad and Tobago
Shivananda Nayak, Mount Hope

Turkey
Tarkan Karakan, Ankara
Yusuf Bayraktar, Ankara
Ahmet Tekin, Mersin
Aydin Karabacakoglu, Konya
Osman C Ozdogan, Istanbul
Özlem Yilmaz, Izmir
Bülent Salman, Ankara
Can GONEN, Kutahya
Cuneyt Kayaalp, Malatya
Ekmel Tezel, Ankara
Eren Ersoy, Ankara
Hayrullah Derici, Balıkesir
Mehmet Refik Mas, Etlik-Ankara
Sinan Akay, Tekirdag
A Mithat Bozdayi, Ankara
Metin Basaranoglu, Istanbul
Mesut Tez, Ankara
Orhan Sezgin, Mersin
Mukaddes Esrefoglu, Malatya
Ilker Tasci, Ankara
Kemal Kismet, Ankara
Selin Kapan, Istanbul
Seyfettin Köklü, Ankara
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INTRODUCTION

Abstract

The term portal biliopathy (syn. pseudosclerosing cholangitis) was first coined in the 1990s[1], where it was
used to describe abnormalities in the intrahepatic and
extrahepatic biliary tract, gallbladder and cystic duct
secondary to portal hypertension. However, jaundice
and common bile duct (CBD) compression associated
with portal hypertension had been, in fact, described
by Fraser et al[2] in 1944 and by Gibson et al[3] in 1965.
Hunt[4], also in 1965, described the treatment of CBD
obstruction secondary to distended venous collaterals.
Portal biliopathy is predominantly associated with
extrahepatic portal venous obstruction (EHPVO). Studies in these patients using endoscopic retrograde cholangiopancreatography (ERCP) have shown that changes
in the bile ducts occur in 81%-100% of them, although
only 5%-30% have symptoms of biliary obstruction[5-10].
The condition has also been described in patients who
have non-cirrhotic portal fibrosis (NCPF) and cirrhosis,
albeit in smaller numbers.
Portosystemic shunting as a decompressive treatment for portal biliopathy was first described in 1989

Biliary ductal changes are a common radiological finding in patients with portal hypertension, however only
a small percentage of patients (5%-30%) develop
symptomatic bile duct obstruction. The exact pathogenesis is not clear, but an involvement of factors
such as bile duct compression by venous collaterals,
ischemia, and infection is accepted by most authors.
Although endoscopic retrograde cholangiopancreatography was used to define and diagnose this condition, magnetic resonance cholangiopancreatography
is currently the investigation of choice for diagnosing
this condition. Treatment is indicated only for symptomatic cases. Portosystemic shunts are the treatment
of choice for symptomatic portal biliopathy. In the
majority of patients, the changes caused by biliopathy
resolve after shunt surgery, however, 15%-20% patients require a subsequent bilio-enteric bypass or endoscopic management for persistent biliopathy. There
is a role for endoscopic therapy in patients with bile
duct stones, cholangitis or when portosystemic shunt
surgery is not feasible.
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by Choudhuri et al[11]. However, subsequent studies have
shown that in a subset of patients the biliary obstruction is not relieved by portosystemic shunts alone and
requires an additional biliary drainage procedure. The
characteristics of patients in whom the biliary obstruction is not reversed after a portosystemic shunt and the
role of endoscopic management of the condition is still
not clear.
In this article, we review the current data on portal
biliopathy and outline the various controversies associated with its effective treatment.
The anatomical basis for the condition was suggested by the works of Petren[12] and Saint[13] who described
the venous anatomy of the bile ducts in 1932 and 1971
respectively. An epicholedochal plexus (of Saint) forms
a reticular network of veins (maximum size 1 mm) on
the outer surface of the bile ducts. The paracholedochal
network of Petren courses parallel to the CBD and is
connected to the gastric, pancreaticoduodenal and portal veins below, and to the liver above.

et al[20] studied bile duct changes after shunt surgery in
5 patients by performing ERCP pre- and post-surgery
and reported complete reversal in one patient, partial
reversal in three and no reversal in one patient, postulating that ischemia or scarring may be the etiology behind
persistence of bile duct changes.

PATHOGENESIS

EPIDEMIOLOGY

There are three main theories for the pathogenesis of
portal biliopathy; that it is the result of compression of
the bile ducts, ischemia, or infection.

Portal biliopathy is an uncommon presentation in patients with portal hypertension. In 1992, Dilawari et al[5]
published a series of 20 patients with EHPVO in which
ERCP was done prospectively, and found that changes
in the biliary tract were seen in all of them. The left
hepatic ducts were always involved, the right ductal
system was involved in 56% and there were changes in
the common bile duct in 90%. Sarin et al[6] found the
incidence on ERCP to be 80%. Studies published by
various authors utilising ERCP/magnetic resonance
cholangiopancreatography (MRCP) found the frequency
to be between 81%-100%[5-10]. Portal biliopathy is also
seen in patients with cirrhosis of the liver (0%-30%)[1,23,24]
and NCPF (9%-40%)[1,24]. The natural history of portal biliopathy is not known. The majority of patients
(70%-95%) do not manifest with any symptoms of biliary obstruction. However, patients with symptomatic
portal biliopathy are normally older than patients presenting with EHPVO[7,10], which is suggestive of long
term obstruction. Patients with long term obstruction,
or inadequate endoscopic or surgical management, may
develop secondary biliary cirrhosis (2%-4%) [1,9]. No
evidence of malignant potential on long term follow-up
exists in the literature.

Infective theory
Infection or cholangitis was postulated by some authors
in earlier studies to be the cause of jaundice in patients
with portal vein thrombosis[15,21,22]. However, later cholangiographic studies have shown that changes in the
biliary tract are seen even in asymptomatic patients, and
cholangitis occurs late in its natural history. Cholangitis,
once present, may lead to inflammation, neogenesis and
deposition of fibrous tissue, along with persistence of
strictures following shunt surgeries.
All the above mentioned mechanisms may be present simultaneously, resulting in the characteristic changes of portal biliopathy.

Compression theory
The first cholangiographic evidence of CBD varices
compressing the bile duct was published by Williams
et al[14] in 1982. In EHPVO, long standing obstruction
of the portal vein leads to replacement of the portal
vein by large collaterals along the CBD - the so-called
cavernomatous transformation of the portal vein. These
large collaterals compress the pliable CBD, leading to
the changes seen on ERCP[5-7]. Also, with increased duration of portal thrombosis, there is vascular neogenesis
and formation of tumor-like connective tissue, which
can encase the CBD or cause angulation of the bile
ducts[9]. In a study by Dilawari et al[5], 18 out of 20 patients had indentations suggestive of external compressions on ERCP. The reversibility of biliary tract changes
after portal decompressive surgery[11,15-17] or transjugular
intrahepatic portosystemic shunts (TIPS)[18,19], shown in
various studies, further corroborates this mechanism.
Ischaemic theory
According to this theory, longstanding portal thrombosis leads to sclerosis of the veins draining the bile
ducts, which in turn can lead to damage to the capillaries and arterioles. This interruption of the vascular supply can, in turn, lead to the development of ischaemic
strictures in the bile duct which are not reversed after
a portosystemic shunt or TIPS. In a study by Khuroo
et al[7], strictures in the CBD, both short segment and
long confluent, were the most common findings seen
on ERCP suggestive of an ischemic pathology. Dhiman
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CLINICAL FEATURES
In patients with EHPVO, 5%-38% develop symptomatic portal biliopathy[5-10,25]. These symptoms may be
secondary to bile duct obstruction like jaundice and
pruritus, or to ductal stones like fever with chills and
biliary colic. Dilawari et al[5] reported a 5% incidence of
symptoms. Khuroo et al[7] reported a 38% incidence of
symptoms ranging from jaundice, recurrent cholangitis
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and biliary colic. All symptomatic patients in his study
were adults and almost a decade older than the patients
presenting with variceal bleeding. Sezgin et al[10] studied
10 patients with portal biliopathy who presented with
jaundice, cholangitis, pruritus and abdominal pain and
their mean age at presentation was 36 years, whereas
other patients with EHPVO generally presented with
bleeding or splenomegaly during childhood. Their studies also suggest that portal biliopathy is a progressive
condition which develops late in the course of portal
hypertension and may progress to secondary biliary cirrhosis characterised by decreased serum albumin levels,
ascites and a deranged coagulation time[1,9].

3

Figure 1 Magnetic resonance cholangiopancreatography showing common bile duct stricture with upstream dilatation of intra- and extrahepatic
bile ducts. 1: Distance: 1.85 cm; 2: Distance: 2.57 cm; 3: Distance: 2.44 cm.

INVESTIGATIONS
Most patients with EHPVO with biliary changes detected on ERCP are asymptomatic. However, because
ERCP is an invasive procedure, its routine use in all
patients with either EHPVO or NCPF is not justified.
Liver function tests are the best initial investigations to
identify patients who might benefit from imaging studies. A raised serum bilirubin level with a predominant
increase in its direct component and an elevated serum
alkaline phosphatase is an indication for performing
biliary imaging. Serum albumin levels and prothrombin
time abnormalities become abnormal only after prolonged biliary obstruction when secondary biliary cirrhosis develops.

ERCP also has a therapeutic role in portal biliopathy. This includes removal of CBD stones, relief of
cholangitis, and dilatation of dominant strictures with
stenting. The latter is indicated only in patients not fit
for surgery, or in whom shunt surgery is not feasible or
has not reversed the biliopathy.
Presently, ERCP is indicated only if a therapeutic
intervention is required and not for diagnosis.
Magnetic resonance cholangiopancreatography
Due to the invasive nature of ERCP and its attendant
risks, magnetic resonance cholangiopancreatography
(MRCP) with or without magnetic resonance (MR)
portography has become the investigation of choice
for portal biliopathy. The sensitivity of MRCP has been
found to be similar to ERCP by various authors[9,28].
Additional benefits of MR portography are that it differentiates choledochal varices from stones, images the
splenoportal axis in surgical planning, and identifies
portal collaterals (Figure 1).

Abdomen ultrasound with Doppler
Ultrasonography (USG) has a poor sensitivity in identifying the CBD in EHPVO as it is usually obscured by
the portal vein collaterals. However, there is a role for
USG in outlining the splenoportal axis before surgery
and to identify gallbladder varices, which are seen in
about 35% patients, if a cholecystectomy is planned[26,27].

Endoscopic ultrasonography
The additional information obtained from endoscopic
ultrasonography (EUS) pertains to the differentiation
between CBD varices[29,30], stones, and tumours when
other imaging modalities are not clear. EUS is not routinely recommended in the workup of a patient with
portal biliopathy.

Endoscopic retrograde cholangiopancreatography
ERCP has been used by various authors to define portal
biliopathy. The changes seen in the bile ducts include
single or multiple smooth strictures of varying length
and degree, saccular dilatations, indentations, dilated
intrahepatic bile duct radicles, displacement of bile
ducts, clustering and pruning of intrahepatic ducts, and
filling defects in the CBD which may be due to stones
or varices[5-10,25]. These changes occur most commonly
in the CBD and the left hepatic ducts. Although seen
predominantly in EHPVO, patients with NCPF and cirrhosis also show these changes in 40% and 25% respectively[1,23,24].
The differential diagnoses on cholangiography include sclerosing cholangitis, recurrent pyogenic cholangitis, CBD stones with stricture, and biliary ascariasis.
Patients’ history, clinical examination and ultrasound
findings showing normal liver, portal cavernoma and
echogenic shadowing suggestive of ascariasis may help
in reaching a diagnosis[1].
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1

MANAGEMENT
Asymptomatic patients do not require any treatment
if their liver function tests are within normal limits.
Patients with persistently raised serum bilirubin and
alkaline phosphatase levels need to be investigated by
imaging (MRCP/ERCP/USG) to look for biliary tract
changes[1].
There is no consensus on the optimal treatment for
symptomatic portal biliopathy. Endoscopic treatment is
preferred in patients with CBD stones, cholangitis or if
shunt surgery is not feasible[1,17,31-34]. This includes use
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of a balloon catheter or Dormia basket to clear CBD
stones. Mechanical lithotripsy may be required for large
stones. Endoscopic papillotomy with stenting or nasobiliary tube drainage may be necessary in patients with
cholangitis[1,34-37]. Balloon dilatation of dominant CBD
strictures with stone extraction has also been described
by various authors[1,10,34].
The problems with endoscopic management are: (1)
Filling defects seen on imaging may be due to varices
and may lead to bleeding during attempted clearance.
Stones usually move with a balloon catheter and varices
appear as longitudinal defects on MRCP. Some authors
prefer a balloon catheter over a Dormia basket for stone
clearance as it is less traumatic[34]; (2) Venous collaterals in the region of the ampulla of Vater may lead to
bleeding during papillotomy, so this procedure should
only be attempted in experienced centres which have
a good surgical backup[38,39]; (3) Balloon dilatation with
stenting of dominant strictures may help to relieve biliary obstruction. However these stents become blocked
frequently requiring multiple changes with their inherent risk of bleeding[40]. Sezgin et al[10] reported long-term
relief of portal biliopathy in only 3 out of 10 patients
with endoscopic dilatation with stenting or nasobiliary
drainage, whereas 7 out of 10 patients required repeated
stent changes every 6 mo or earlier if cholangitis developed. Vibert et al[41] also reported long-term relief of
biliary obstruction with percutaneous transhepatic biliary drainage with endobiliary stenting in only 3 out of
19 patients with symptomatic portal biliopathy. Furthermore, recurrent stent blockade with cholangitis may further decrease the chances of reversibility of the CBD
obstruction following portosystemic shunt surgery; and
(4) Multiple sessions require the patients to be compliant and have ready access to endoscopic expertise.
Therefore, although endoscopic extraction remains
the preferred treatment in patients with CBD stones,
most centres consider shunt surgery to be the first line
of management for biliary obstruction secondary to
bile duct strictures, unless complications like cholangitis
or absence of a shuntable vein exist.
The role of ursodeoxycholic acid (UDCA) has not
been evaluated for treatment or prophylaxis in portal
biliopathy in any of the large studies. In a study by Condat et al[9], UDCA was effective in 3 out of 4 patients
with portal biliopathy in relieving biliary symptoms and
preventing recurrence. Most centres, however, rely on
endoscopic extraction of biliary stones and experience
in use of UDCA is limited.

hemorrhage as the collaterals are closely related to the
wall of the CBD and attempting to separate them may
cause torrential bleeding.
Choudhuri et al[11] in 1988 published the first case
report of relief of CBD obstruction secondary to
portal cavernoma after a proximal lienorenal shunt,
in a patient with symptomatic portal biliopathy with
EHPVO. Chaudhary et al[15] then published a series of 9
patients, out of whom 7 underwent proximal lienorenal
shunts for symptomatic portal biliopathy. Five patients
experienced reversal of their portal biliopathy with two
patients requiring a biliary bypass (Roux-en-Y hepaticojejunostomy) for refractory bile duct strictures. Other
authors have published similar results[16,41].
In patients with non cirrhotic portal hypertension
(EHPVO and NCPF) with portal biliopathy, portosystemic shunt surgery is the treatment of choice. The
advantages of this approach are: (1) A successful portosystemic shunt not only prevents variceal bleeding but
in a large number of patients may be the only treatment
required for portal biliopathy[11,15,16,41-43]; (2) Primary biliary bypass for portal biliopathy is associated with a risk
of severe intraoperative bleeding due to the presence of
large collaterals in the bile duct wall[7,15,16,41,44,45]; and (3)
Even if a portosystemic shunt fails to completely revert
the bile duct obstruction, a patent shunt decompresses
the collaterals present in the region of the bile duct
enough to render a later biliary bypass possible[15,16].
Portosystemic shunt surgery is also the procedure
of choice in patients with imaging features of portal
biliopathy who are otherwise asymptomatic and are
being operated on for other complications of portal
hypertension like variceal bleeding or symptomatic hypersplenism, as these patients may develop significant
bile duct obstruction later, even after splenectomy and
devascularisation [7,46]. A suggested algorithm for the
management of portal biliopathy is shown in Figure 2.
In conclusion, although abnormalities in the biliary
tract on imaging are seen in the majority of patients
with EHPVO, symptomatic portal biliopathy is a late
and uncommon presentation in the natural history of
the condition. The exact pathogenesis of portal biliopathy is not clear, but compression by dilated collaterals,
ischemia resulting from venous thrombosis, and infection may all have a role to play in its development. The
diagnostic investigation of choice is an MRCP which
is done based on clinical suspicion and biochemical
abnormalities. Endoscopic management is indicated in
the presence of CBD stones, cholangitis and dominant
strictures without a shuntable vein. Portosystemic shunt
surgery, if feasible, is indicated in most patients, as it
causes reversal of portal biliopathy and also renders a
subsequent biliary bypass easier if the biliary obstruction persists. Thus, in patients with portal biliopathy,
both endoscopic and surgical management are complementary and should be used appropriately according to
individual situations.

Surgical management
The first published report of surgical treatment of portal biliopathy was by Hunt[4] in 1965. He described separating the collaterals from the bile duct wall by dividing
the fibrous adhesions between them and reported a
relief from jaundice in the early postoperative period.
However this technique has a high risk of intraoperative
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Non-cirrhotic portal hypertension
(EHPVO, NCPF)

Asymptomatic PB (on imaging)
with normal LFT’s

Symptomatic PB

Asymptomatic PB with persistently
deranged LFT (bilirubin, Alk. Phos.)

Jaundice, pruritus

Cholangitis

MRCP/USG
abdomen

Ⅳ antibiotics

No treatment
required for PB

ERCP/stenting

Bile duct stricture
(single or multiple)

CBD stone

ERCP-EPT with stone
removal ± stenting

Relief of
cholangitis

Look for shuntable vein

Absent

Present

Endoscopic stenting
± regular follow-up

Portosystemic
shunt surgery

Follow up

If symptoms/stricture persist

Biliary bypass
(Roux-en-Y hepaticojejunostomy)

Figure 2 Algorithmic approach to management of portal biliopathy in patients with non-cirrhotic portal hypertension. EHPVO: Extrahepatic portal venous
obstruction; NCPF: Non-cirrhotic portal fibrosis; LFT: Liver function test; PB: Portal biliopathy; ERCP: Endoscopic retrograde cholangiopancreatography; EPT: Endoscopic papillotomy; CBD: Common bile duct; MRCP: Magnetic resonance cholangiopancreatography; USG: Ultrasonography; Alk.: Alkaline; Phos.: Phosphatase.
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INVITED COMMENTARY ON HOT
ARTICLES
Since the discovery of hepatitis C virus (HCV) in 1989[1],
the lack of good model systems has hampered the research at the early stages. Even though still little is known
about the virus, interferon was found to be effective for
treating chronic HCV and the first interferon-α (IFN-α)
is approved by the United States Food and Drug Administration (FDA) to treat HCV in 1991[2]. Interferons have
a vital role for immune modulation of the host cells and
involve the induction of a multitude of interferon-stimulated genes to establish an antiviral status[3]. Through a
series of optimizations, the current pegylated interferon
(peg-IFN) in combination with ribavirin has dramatically improved the outcome, but still only approximately
50% of the patients can develop a sustained virologic
response (SVR)[4,5].
Thanks to the development of various cell culture
models and the important evolvement of biotechnology[6], research in the HCV field has been flourishing
both in academy and industry, over the past decade.
This progress has enabled further improvement on the
current interferon-based standard antiviral therapy and

Abstract
Hepatitis C virus (HCV) infects approximately 200 million people worldwide. Interferon-based therapies
have dominated over the past two decades. However,
the overall response rates remain suboptimal. Thanks
to the tremendous effort from both academia and industry, two serine protease inhibitors telaprevir and
boceprevir for treating chronic hepatitis C have finally
reached the clinic. Although these compounds are only
approved for combination use with interferon and ribavirin in genotype 1 HCV infected chronic patients, the
management of HCV patients however is now evolving
incredibly. Here, we overviewed a series of landmark
studies, regarding the clinical development of telaprevir and boceprevir. We discussed the mechanism-ofaction of telaprevir/boceprevir and their potential application in HCV-positive liver transplantation patients.
We further emphasized some emerging concerns with
perspective of further development in this field.
© 2012 Baishideng. All rights reserved.
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the development of novel antivirals with distinct mechanism of action. A range of directly acting antivirals agents
(DAAs), including protease and polymerase inhibitors, have
been in various stages of clinical development[7]. The serine
protease inhibitors telaprevir and boceprevir are the most
advanced in clinic. Both had been approved by FDA in
May 2011 for treating chronic genotype 1 HCV infection
and later were also approved by the European Medicines
Agency[7].

through during dosing and were associated with selection of the variants[16]. Therefore, combination therapy
with peg-IFN-α/ribavirin was required for the subsequent larger multicentre phase 2, PROVE 1[17], PROVE
2[18] and PROVE 3[19] trials. Overall, telaprevir increased
20%-30% SVR rates in both naïve and genotype 1 treated patients (Figure 1). Ribavirin was an essential component of this triple therapy (Figure 1).
Phase 3 trials in the treatment of naïve or experienced patients were carried out in the ADVANCE[20]
and REALIZE[21] studies, respectively. Superior SVR
rates with treatment of telaprevir-based regimens were
confirmed in both naïve and experienced genotype 1 patients. The illuminate phase 3 study supported the concept of response-guided telaprevir combination treatment (RGT) in naïve patients. This study summarized
that treatment of telaprevir in combination with pegIFN/ribavirin in the first 12 and 24 wk was noninferior
to the same regimen for 48 wk in patients with undetectable HCV RNA at weeks 4 and 12[22].
One week monotherapy with boceprevir resulted in
an average HCV RNA load reduction of about 1.0 and
1.6 log10 IU/mL in nonresponders of peg-IFN/ribavirin at dose of 200 mg and 400 mg, 3 times a day, respectively[23]. However, during boceprevir monotherapy,
resistance mutations at six positions within the NS3 protease were detected. All mutations were associated with
reduced replicative fitness estimated by mathematical
modeling with cross-resistance to telaprevir[24]. Similarly,
the successful clinical development of boceprevir treatment was used in combination with peg-IFN/ribavirin
both in naïve and experienced genotype 1 patients, as
demonstrated in the phase 2b SPRINT-1 trial (Figure 2)[25],
the phase 3 SPRINT-2 trial (Figure 2)[26] and the phase 3
RESPOND-2 trial (Figure 2)[27].
The most serious adverse effects of telaprevir were
rash and anemia and of boceprevir were anemia, dysgusea, neutropenia and anal discomfort.

Mechanism-of-action of telaprevir and boceprevir
The HCV genome composes of a single open reading
frame, encoding a polyprotein precursor of approximately 3000 amino acids, flanked by 5’ and 3’ non-coding region (NCR). Translation of the viral polyprotein
is mediated by an internal ribosome entry site located
within the highly conserved 5’ NCR. The synthesized
polyprotein is subsequently cleaved into four structural
(core, E1, E2 and p7) and six non-structural (NS2, NS3,
NS4A, NS4B, NS5A and NS5B) proteins[8]. Processing
of structural proteins, including the p7/NS2 junction,
is carried out by at least two host signal peptidases and
non-structural proteins and is matured by two viral proteases, NS2 and NS3/4A[8,9].
The NS3/4A serine protease is a non-covalent, he
terodimer complex formed by the catalytic subunit of
the N-terminal serine protease domain of NS3 and the
activation subunit of the NS4A cofactor. Unique to
the NS3 protease is an extended polydentate substrate
binding cleft, which ensures substrate specificity[10]. It is
responsible for the proteolytic cleavage of NS3/NS4A
self cleavage, NS4A/NS4B, NS4B/NS5A and NS5A/
NS5B. The multi-functional property of NS3/4A protease has attracted for targeted drug development. Current protease inhibitors can be divided into covalent and
non-covalent peptidomimetic inhibitors. Telaprevir and
boceprevir are covalent linear inhibitors, discovered by
using structure-based drug design approach[11,12]. Both
act via formation of a reversible covalent interaction
with serine-139. The assailment of electrophilic carbonyl
of the ketoamide by the catalytic serine leads to tetrahedral formation which mimics the transition state of
peptide bond cleavage. This is further stabilized by additional ionic interactions with the active site[11,12]. However, telaprevir and boceprevir were designed to target
the protease of genotype 1 HCV and therefore their
activity varies among genotypes. Experimental data has
shown that both were active against genotypes 2, 5 and
6, but not 3[13]. Clinical evidence suggested that telaprevir
was effective against genotype 2 but not genotype 3 and
uncertain for genotype 4[14,15].

The use of DAAs in liver transplant patients?
End-stage liver disease caused by chronic HCV infection
is currently the leading indication for liver transplantation[28]. However, HCV re-infection of the graft occurs
universally and often results in accelerated recurrence
of liver fibrosis and early development of cirrhosis[29].
In general, peg-IFN/ribavirin is much less effective in
transplant patients with approximate SVR rates of only
20%[30]. An aggravated course of infection and more resistance to antiviral therapy have been attributed to several host and viral factors, in particular the application
of specific immunosuppressive medication[31].
The suppression of HCV viraemia in pre-transplant
patients may attenuate the risk of viral recurrence. However, the tolerability and efficacy of peg-IFN/ribavirin
antiviral therapy is compromised in decompensated
cirrhosis patients[32]. For telaprevir or boceprevir, a few
patients with advanced fibrosis or compensated cirrhosis
have been included in these phase 3 trials[20-21,26-27]. How-

Clinical efficacy
Two weeks monotherapy with telaprevir has demonstrated substantial antiviral activity in patients with genotype 1 HCV in a phase 1 trial (3 log drop in viral load in
majority of patients). However, some patients showed
resistance to telaprevir can be seen from viral break-
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Figure 1 The outcome of the five landmark trials for telaprevir-based triple therapy in hepatitis C virus genotype 1 patients. Sustained virologic response
rates are compared between groups. PROVE 1, PROVE 2 and ADVANCE trials were conducted in treatment-naïve patients. PROVE 3 and REALIZE trials were conducted in treatment-experienced patients. T: Telaprevir; P: Peg-IFN; R: Ribavirin; The numbers (8, 12, 24 or 48): Week of treatment; SVR: Sustained virologic response.

ever, the response rates in patients with advanced fibrosis were significantly lower than in patients with mild to
moderate fibrosis but there is no experience in patients
with decompensated cirrhosis so far.
Although prophylactic treatment, preemptive treatment or treatment of established HCV recurrence after
transplantation with peg-IFN/ribavirin is common,
its tolerability and efficacy remain unsatisfactory [33].
Therefore, there is much expectation of telaprevir and
boceprevir for improving the outcome in liver transplant patients. In the 18th annual congress of the International Liver Transplantation Society this year in San
Francisco, United States, the first series of clinical data
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of treating HCV recurrence using telaprevir or boceprevir in liver transplant patients were revealed, although
these were rather small clinical studies. In a multicenter
study of 7 patients, 2 patients had an undetectable viral
load and 2 had viral load below 2 log at week 12 after
treatment with boceprevir in combination with pegIFN/ribavirin. However, all patients had severe anemia
requiring erythropoietin and 4 patients required granulocyte colony stimulating factor. The dosage of peg-IFN
and/or ribavirin was reduced in 4 patients and treatment
was stopped prematurely in 3 patients[34]. In one of the
telaprevir-based triple therapy studies, 2 out of 9 patients
achieved rapid viral response, however hematological ad-
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tions in the 1st week follow-up, respectively[36]. Triple
combination therapy has shown substantial antiviral efficacy but larger properly designed trials are definitely
required to further evaluate the use of telaprevir and
boceprevir in this setting. However, these studies have
consistently raised the concerns of poor tolerability of
these compounds in transplant patients. Clinical studies
of additional DAAs peri-transplant are in progress and
should be monitored closely.
In addition to the adverse events, potential interactions between telaprevir/boceprevir with immunosuppressive drugs are other concerns. As reported in a
phase 1 study, telaprevir interferes the metabolism of
both cyclosporin A (CsA) and tacrolimus by inhibition
of cytochrome P450 3A enzymatic activity[37]. Telaprevir
caused a significant increase in blood concentrations of
both immunosuppressants and could potentially lead to
serious or even life-threatening adverse effects. McCashland et al[35] has specifically evaluated the drug level profile of CsA during telaprevir therapy in liver transplant
patients, however no negative impact in achieving CsA
target levels was observed. In fact, different immunosuppressive drugs can also have distinct effects on pegIFN/ribavirin, such as CsA and MPA can promote the
antiviral effects of interferon whereas tacrolimus does
not[31,38,39]. Thus, more attention from both basic and
clinical perspective is needed, regarding drug to drug interaction with telaprevir/boceprevir.
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The role of interferon and ribavirin?
Monotherapy with telaprevir or boceprevir not only
been associated with resistance but also the antiviral
potency is not sufficient for complete eradication of
the virus[16,24]. Therefore, combination treatment with
peg-IFN/ribavirin has emerged as the ultimate solution to resolve these limitations. A specific issue which
would be concerned is that whether the IL28B genetic
variation as one of the important SVR prediction factors to peg-IFN/ribavirin, is still relevant to telaprevir/
boceprevir-based triple combination therapy or not. In
treatment of naïve patients, the IL28B rs12979860-CC
genotype was a positive predictor to select appropriate
candidates for RGT in the ADVANCE and SPRINT-2
trials[20,26]. In treatment of experienced patients, the CC
genotype however is less frequent than in general population, IL28B therefore is expected to be less important
for response prediction. However, data remain limited
to address the exact prediction value of IL28B genotype in telaprevir/boceprevir-based regimens. Another
clear evidence from the PROVE and SPRINT trials
suggested that the treatment regimens with low-dose or
without ribavirin were associated with lower SVR rates,
probably due to viral breakthrough and viral relapse after therapy[18-19,25].
An emerging concept is the development of interferon-free regimens, which aims to limit the contraindications and adverse effects of peg-IFN. The combination
of different reagents offers the potential for interferon-
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Figure 2 The outcome of the three landmark trials for boceprevir-based
triple therapy in hepatitis C virus genotype 1 patients. Sustained virologic
response rates are compared between groups. The SPRINT-1 and SPRINT-2
trials were conducted in treatment-naïve patients. The RESPOND-2 trial was
conducted in treatment-experienced patients. B: Boceprevir; P: Peg-interferon; R: Ribavirin; The numbers (4, 24, 28 or 48): Week of treatment; SVR:
Sustained virologic response; RGT: Response-guided telaprevir combination
treatment.

verse events were common, including anemia and leucopenia[35]. In another telaprevir-based triple therapy study,
4 out of 5 patients were telaprevir tolerated but 1 patient
stopped the treatment due to complications. Two out
of these 4 patients obtained SVR after 5 wk of therapy.
Another 2 patients achieved 2-log and 3-log viral reduc-
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free therapy including the development of various DAAs
such as protease, NS4B, NS5A, polymerase inhibitors
and host-targeting agents including cyclophilin inhibitors
and anti-miR-122 oligonucleotides[40]. In current clinical trials, different DAA combinations with or without
ribavirin are the main scenario. It is not surprising that
with or without interferon, a study of combining a nonnucleoside polymerase inhibitor with a protease inhibitor
clearly showed the benefit of ribavirin[41]. In spite of the
mechanism of how ribavirin can synergize interferon
that has been extensively extrapolated[42-44], the mechanism of how ribavirin works with DAAs are poorly investigated. Notably, a recent study has shown that high
SVR rate could be achieved with two DAAs (the NS5A
inhibitor daclatasvir and the NS3 inhibitor asunaprevir)
only, although higher SVR rates were achieved when
combined with peg-IFN/ribavirin[45]. Therefore, it remains an open question regarding the future of ribavirin
in interferon-free-based DAA combination therapy. Further basic and clinical research will conceivably help to
figure out this issue.

5

6
7
8
9
10
11

Summary and perspectives

The approval of telaprevir and boceprevir by FDA and
the European Medicines Agency in last year (2011) has
indeed changed the management of chronic HCV. From
these series of clinical landmark studies, a 20%-30%
increase of SVR rates were obtained with the additional
telaprevir/boceprevir to the conventional standard pegIFN/ribavirin therapy. Despite these exciting results,
certainly there are several remaining concerns. An apparent limitation of telaprevir/boceprevir as well as
most of the pipeline DDAs (such as protease inhibitors
asunaprevir, BI 201335 and ABT-450) is genotype 1
specificity, whereas other HCV genotypes also prevail
all over the world. Secondly, these compounds have very
low genetic barrier to the development of resistant viral
variants. Thirdly, although telaprevir/boceprevir are generally well tolerated, their adverse effects are still hampering the successful application in specific populations,
particularly for liver transplant patients.
Perspectively, these issues could likely be minimized
by further optimizing the clinical protocol. In addition,
by the development of other compounds, more optimal
combinations will be available. As being expected, the
dream of achieving high SVR rates with all-oral interferon-free regimens will be no longer far from clinical
reality.
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sion, have been associated with pathophysiological
processes in different organs and cell types, and are
postulated as potential targets for diagnosis and therapy. In the current manuscript, knowledge regarding
the role of miRNAs in the development and/or progression of cholangiopathies has been reviewed and the
most relevant findings in this promising field of hepatology have been highlighted.
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INTRODUCTION
Abstract

Cholangiocytes are the epithelial cells lining the bile
ducts, and are key players in normal liver physiology[1].
They participate in fundamental secretory processes by
modifying the composition and flow of primary bile
generated at the canaliculi of hepatocytes upstream of
the biliary tree. Thus, transport of water, ions or solutes
between the blood and the bile-duct lumen finally result
in fluidization and alkalinization of bile[1-4]. Although
cholangiocytes only represent 3%-5% of the total liver
cell population, they may account for up to 30% of to-

Cholangiopathies are a group of diseases primarily or
secondarily affecting bile duct cells, and result in cholangiocyte proliferation, regression, and/or transformation. Their etiopathogenesis may be associated with
a broad variety of causes of different nature, which
includes genetic, neoplastic, immune-associated, infectious, vascular, and drug-induced alterations, or being idiopathic. miRNAs, small non-coding endogenous
RNAs that post-transcriptionally regulate gene expres-
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tal bile flow[1]. Cholangiocytes contain a single primary
cilium extending from the apical membrane into the
bile-duct lumen[5]. This antenna-like organelle possesses
sensory properties that detect physical and chemical
changes in bile that are transmitted into the cell to activate signaling pathways and finally modify cellular functions. The primary cilium of cholangiocytes functions
as a mechano- (detecting changes in bile flow)[6], chemo(interacting with different molecules[7] and vesicles[8]),
and osmo- (identifying changes in osmolarity: hypo- and
hyper-tonicity)[9] sensor.
In addition, cholangiocytes are primarily or secondarily affected in a group of diseases termed cholangiopathies, whose etiopathogenesis is of diverse nature (genetic, neoplastic, immune-associated, idiopathic, infectious,
vascular or drug-induced)[10]. These biliary diseases may
result in cholangiocyte proliferation, regression and/or
transformation. Important advances are being achieved
in understanding the molecular mechanisms involved in
the development and progression of these disorders. In
this regard, there is increasing evidence suggesting the
role of miRNAs in the etiopathogenesis of cholangiopathies, which are postulated as potential targets for diagnosis and therapy.
miRNAs are small non-coding RNAs (approximately
22 nucleotides) that regulate the expression of multiple
genes by binding to complementary sites of targeted
mRNAs, causing translational repression (imperfect
target duplexes) or degradation (perfect matches)[11,12].
They participate in the regulation of multiple cell types
under physiological and pathological conditions, and
are fundamental in different cellular processes such as
development, proliferation, apoptosis, metabolism, morphogenesis, and in diseases[13,14]. In the current article,
knowledge regarding the role of miRNAs in the development and/or progression of cholangiopathies has
been highlighted.

intrahepatic CCA, accounting for up to 80%-95% of all
CCAs. In addition, depending on the tumor location in
the extrahepatic biliary system, extrahepatic CCA can
be divided into proximal or perihilar (also frequently
referred to as Klatskin tumor), and distal. On the other
hand, intrahepatic CCA originates within the liver and
accounts for up to 5%-20% of all CCAs.
Increasing evidence suggests the importance of miRNAs in the pathogenesis of CCA. Thus, global changes
in the miRNA profile of malignant cholangiocytes has
been reported[17-21], which may alter different cholangiocyte features such as cell cycle, proliferation, migration
and apoptosis (Table 1).
Cell cycle, proliferation and migration
Different miRNAs are able to act as onco-miRNAs by
repressing the expression of tumor suppressor genes.
In this regard, miR-421, upregulated in human CCA,
was reported to modulate the expression of farnesoid X
receptor (FXR), an event associated with cell proliferation, colony formation, and migration in vitro[22]. FXR is
a member of the nuclear receptor superfamily that plays
crucial roles in bile acid, cholesterol, lipid and glucose
metabolism [23,24]. Likewise, FXR was shown to act as
a tumor suppressor for hepatocellular carcinoma and
breast cancer[23,24]. Aberrant bile-acid secretion has been
linked to CCA, therefore, further investigations will be
needed to test the interplay between bile acids, FXR and
miRNAs on biliary tract tumorigenesis.
Another miRNA involved in tumor proliferation is
miR-21, which is reported to be overexpressed in human
CCA due to upregulation of arsenic resistance protein 2
(Ars2)[25]. This protein plays an important role in miRNA
biogenesis, and hence its depletion reduces the levels
of different miRNAs, including miR-21. Ars2 knockdown in CCA cells decreases miR-21 levels, inhibits cell
proliferation, and prevents tumor formation in immunodeficient mice. It is suggested that miRNA-21 may
negatively control the expression of tumor suppressor
phosphatase and tension homolog (PTEN)[18,21,25] leading
to cell proliferation. Moreover, miR-21 is suggested to
regulate the expression of the tissue inhibitor of metalloproteinase (TIMP)-3 [20], an inhibitor of cell-matrix
TIMP activity downregulated in CCA, and could result
in increased migration properties.
In addition, it has been recently reported that miRNA-26a is overexpressed in human CCA promoting cell
proliferation and migration in vitro, and tumor growth
in vivo[26]. This miRNA was demonstrated to downregulate directly the expression of glycogen synthase kinase
(GSK)-3 β [26]. This enzyme phosphorylates the serine
and threonine residues of β-catenin, leading to its degradation. Thus, miR-26a/GSK-3β targeting results in
intracellular accumulation of β-catenin that activates
the expression of c-Myc, cyclin D1, and peroxisome
proliferator-activated receptor δ; three proteins involved
in dedifferentiation, tumor growth, and migration[26].
Induction of chronic cholestasis in a new murine
model accelerates the progression of CCA by alter-

CHOLANGIOCARCINOMA
Cholangiocarcinoma (CCA) is a malignant tumor affecting the biliary tree[15,16]. The incidence of CCA (1:50 000)
is increasing worldwide and the therapeutic options are
very limited because of high chemoresistance. CCA accounts for up to 10%-15% of primary hepatobiliary
malignancies and 3% of all gastrointestinal tumors, affecting individuals of both sexes. Owing to slow growth
and late metastasis, this cancer is usually diagnosed in
patients older than 65 years when it is at an advanced
stage, thus reducing the success of surgical procedures.
Complications of CCA include bile-duct obstruction,
liver failure, metastasis to other organs, infections, and
uncontrolled vomiting. Although the pathogenesis of
CCA is poorly understood, the presence of primary
sclerosing cholangitis, chronic biliary irritation, or choledochal cysts appears to predispose to the development
of this cancer.
CCAs can be anatomically classified into extrahepatic
or intrahepatic[15,16]. Extrahepatic is more common than
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Table 1 Classification of miRNAs differentially expressed in cholangiocarcinoma regarding their action, expression and targets
miRNA
miR-320
miR-29b
miR-204
miR-25
miR-21
miR-421
miR-34a
miR-210
miR-21
miR-26a
miR-421
miR-21
miR-26a
miR-494
miR-141
miR-370
miR-373
miR-148a
miR-152
miR-let7a
miR-21
miR-200b

Expression

Disease

Target

Altered function

Down
Down
Down
Up
Up
Up
Down
Up
Up
Up
Up
Up
Up
Down
Up
Down
Down
Down
Down
Up
Up
Up

Human-ICC
Human-CCA
Human-ICC
Human-ICC
Human-CCA
Human-ICC
Mouse-CCA
Mouse-CCA
Human-CCA
Human-CCA
Human-ICC
Human-CCA
Human-CCA
Human-CCA
Human-CCA
Human-CCA
Human-ECC
Human-CCA
Human-CCA
Human-CCA
Human-CCA
Human-CCA

Mcl-1
Mcl-1
Bcl-2
DR4
PDCD4
FXR
c-Myc
Mnt
PTEN
GSK-3β
FXR
TIMP-3
GSK-3β
CDK-6
Gen CLOCK
MAP3K8, DNMT-1
MBD2
DNMT-1
DNMT-1
NF2
PTEN
PTPN12

Apoptosis

Proliferation

Migration
Cell cycle
Circadian rhythm
Epigenetics

Chemoresistance

Ref.
[17]
[21,30]
[17]
[29]
[20,25]
[22]
[27]
[27]
[18,21,25]
[26]
[22]
[20]
[26]
[19]
[18]
[38]
[36,37]
[39]
[39]
[41]
[18]
[18]

miRNA-15a/Cdc25A interplay participates in hepatic cystogenesis of polycystic liver diseases. miRNA-15a directly targets the cell cycle regulator Cdc25a.
In polycystic rat and human cholangiocytes, miR15a is downregulated, thus resulting in Cdc25a upregulation, cell proliferation and cystogenesis. The
Cdc25a inhibitor vitamin K3 was demonstrated to target Cdc25a, blocking the hepatorenal cystogenesis of several rodent models of polycystic kidney and
liver disease. This suggests the therapeutic potential of vitamin K3 for polycystic kidney and liver diseases. CCA: Cholangiocarcinoma; ICC: Intrahepatic
cholangiocarcinoma; ECC: Extrahepatic cholangiocarcinoma; CDK: Cell division kinase; Mcl-1: Myeloid cell leukemia sequence 1; Bcl-2: B-cell lymphoma
2; CDK: Cyclin-dependent kinase; DR4: Death receptor 4; PDCD4: Programmed cell death protein 4; FXR: Farnesoid X receptor; TIMP: Tissue inhibitor of
metalloproteinase; GSK: Glycogen synthase kinase; MBD: Methyl-CpG-binding domain; MAP3K8: Mitogen-activated protein kinase 8; DNMT: DNA methyltransferases; NF2: Neurofibromatosis 2; PTEN: Phosphatase and tension homolog; PTPN12: Protein tyrosine phosphatase non-receptor type 12.

ing miRNA-34a, let-7a and miRNA-210 expression[27].
Downregulation of miRNA-34a results in overexpression of its target c-Myc that mediates the upregulation
of cyclin D1. In this regard, knockdown of c-Myc
reduces progression of CCA. Moreover, in this animal
model, the suppressor of miRNAs biogenesis LIN28B
is found to be upregulated. LIN28B specifically binds to
the family of let-7 miRNA precursors, inhibiting their
processing, and inducing their degradation [28]. These
experimental data suggest that LIN28B upregulation in
humans might also be associated with the inhibition of
let-7a, a miRNA involved in the development of cystic
hyperplasia, cystic atypical hyperplasia, cholangioma and
CCA. On the other hand, the hypoxia inducible factor2α was shown to mediate miRNA-210 upregulation,
which further inhibits Mnt (transcriptional repressor and
antagonist of c-Myc-dependent transcriptional activation
and cell growth)[27].
Among those miRNAs reported to be downregulated in CCA based on miRNA arrays, miR-494 is involved in the control of the cell cycle by direct targeting
cyclin-dependent kinase-6[19]. Thus, it is suggested that
miRNA-494 could be a potential therapeutic target for
CCA because its overexpression decreases the growth of
bile-duct cancer cells in vitro and in vivo[19].

involved in carcinogenesis. In this regard, CCA is often associated with alterations in the expression profile
of miRNAs that regulate apoptosis. Thus, miRNA-25,
which is overexpressed in CCA, may protect cholangiocytes from tumour necrosis factor-related apoptosisinducing ligand-induced apoptosis through the inhibition
of death receptor 4[29]. Likewise, the overexpression of
miRNA-21 in CCA is also able to downregulate the programmed cell death protein 4[20,25].
On the other hand, several miRNAs that modulate
proapoptotic mechanisms are downregulated in CCA.
Among those downregulated miRNAs, both miR-320[17]
and miR-29b[21,30] play a role in the expression control
of the antiapoptotic effector myeloid cell leukemia sequence 1, thus promoting cell survival and proliferation.
Moreover, miR-204, which is also downregulated in
CCA, targets the antiapoptotic protein B-cell lymphoma
2[17].
Epigenetics
Although genetic alterations have been widely associated
with CCA, epigenetic modifications are poorly understood in this type of cancer. However, CCA has been
associated with aberrant DNA methylation, which is an
essential mechanism for gene expression regulation[31,32].
This mechanism is mostly regulated by at least three
DNA methyltransferases (DNMT-1, DNMT-3A and
DNMT-3B). Once a DNA sequence becomes methyl-

Apoptosis
Activation of anti-apoptotic pathways is a general event
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ated, it can repress transcription by blocking the recognition of transcriptional activators to DNA sequences, or
by recruiting methyl-CpG-binding domain (MBD) proteins to modify chromatin compaction. MBD proteins
are transcription repressors that bind to methylated gene
promoters, resulting in gene expression silencing. Interestingly, aberrant DNA methylation has been found in
many types of cancers, indicating that hypomethylation
or hypermethylation of gene promoter CpG islands may
result in tumor cell genomic instability or tumor suppressor gene silencing, respectively[33,34]. Moreover, both miRNAs and methylation are reversible regulators that can
interact with each other[35]. In this regard, miRNA-373,
which was recently reported to be downregulated in hilar CCA, negatively regulates MBD2 protein expression
through specific binding to its 3′ untranslated region
(3′-UTR)[36]. As a result of miRNA-373 downregulation
in CCA, MBD2 expression is upregulated, leading to
hypermethylation and silencing of the tumor suppressor
gene RASSF1A. Hence, miRNA-373 downregulation is
associated with poor cell differentiation, advanced clinical stage, and shorter survival in hilar CCA. Interestingly,
miRNA-373 expression can also be regulated by MBD2
in CCA[37].
In addition, it has been demonstrated that interleukin-6 (IL-6) may epigenetically regulate the expression
of selected miRNAs and contribute to CCA growth[38].
IL-6, an inflammation-associated cytokine that induces
mitogen and survival features in cholangiocytes, is overexpressed in human CCA and presumably contributes to
tumor cell growth. In this regard, IL-6 overexpression in
CCA cells stimulates the expression of different methyltransferases (DNMT-1 and HASJ4442) that further
downregulate the expression of seven miRNAs; one
of these downregulated miRNAs, miRNA-370, directly
targets the oncogene mitogen-activated protein kinase
mitogen-activated protein kinase 8 in both in vitro and
in tumor cell xenografts in vivo[38]. Moreover, IL-6 may
also regulate the expression of other miRNAs, such as
miR-148a, miRNA-152 and miRNA-301[39]. These three
miRNAs are downregulated in CCA cells and possess
sequence complementarity to the 3’-UTR region of the
DNMT-1 mRNA transcript. However, only miRNA148a and miRNA-152 directly regulate DNMT-1 expression. Interestingly, DNMT-1 modulates the expression
of the tumor suppressor genes Rassf1a and p16INK4a
by promoter hypermethylation, leading to malignant cell
transformation.

otides anti-miR21 and anti-miR200b in malignant cholangiocytes cell lines satisfactorily increases gemcitabineinduced cytotoxicity. Moreover, miRNA-21 targets the
tumor suppressor PTEN, which through its phosphatase
activity inhibits phosphatidylinositol 3-kinase-dependent
growth and survival. In addition, miRNA-200b targets
the protein tyrosine phosphatase non-receptor type 12
that is involved in cell growth, cell dedifferentiation and
oncogenic transformation.
In contrast to the aforementioned data obtained using an experimental animal model of chemically induced
CCA, other authors have reported that miRNA-let7a is
overexpressed in human CCA[41]. Thus, miRNA-let7a
overexpression is able to target the tumor suppressor
neurofibromatosis 2 (NF2), which modulates the signal
transducer and activator of transcription 3 (STAT3)activated survival mechanism[41]. Interestingly, intratumor
administration of oligonucleotides anti-miRNA-let7a increases NF2 and decreases p-STAT3 expression in CCA
xenografts in vivo. Moreover, these effects increase gemcitabine toxicity, resulting in decreased tumor growth[41].
Circadian rhythm
The circadian rhythm controls on a 24-h range many
fundamental physiological features such as behavior, metabolism or cell proliferation. The suprachiasmatic nuclei
located in the hypothalamus synchronizes the molecular
clocks in most mammalian cells through different circadian physiological rhythms including rest-activity, body
temperature, feeding patterns, and hormonal secretions.
Therefore, circadian alterations have been suggested to
affect carcinogenesis risk also in humans[42]. In this regard, miRNA-141, overexpressed in intrahepatic CCA,
was predicted by bioinformatics approaches to target
CLOCK directly; a tumor suppressor that controls the
cellular circadian rhythm[18]. Indeed, CLOCK may inhibit cell cycle, both directly and indirectly, and increases
apoptosis. Administration of oligonucleotides anti-miRNA-141 in CCA cells results in CLOCK protein downregulation. These data indicate that circadian rhythm and
miRNAs may interact in physiological and pathological
conditions.

POLYCYSTIC LIVER DISEASES
Polycystic liver diseases (PCLDs) are genetic disorders
characterized by bile-duct dilatation and/or cyst development, which become progressively more severe and
require liver transplantation as the only therapeutic option[43]. The large volume of hepatic cysts causes symptoms such as abdominal distension, local pressure with
back pain, gastroesophageal reflux, and dyspnea. The
estimated prevalence of PCLDs is around 1:1000, and
these patients often develop polycystic kidney disease.
Different genetic mutations trigger the appearance and
growth of cysts in PCLDs, and in some cases this phenomenon is also associated with hepatic fibrosis. Most
of the proteins encoded by these genes are located in

Chemoresistance
CCAs are tumors with a marked multidrug resistance
phenotype that includes changes in the expression of
genes involved in the apoptosis/survival balance[40].
As mentioned above, miRNA-21 and miRNA-200b
are highly overexpressed in malignant cholangiocytes[18].
These two miRNAs are suggested to contribute to chemoresistance in CCA by modulating the chemotherapyinduced apoptosis. Thus, overexpression of oligonucle-
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miRNA-15a

runs in parallel with the upregulation of its predicted
target, the cell-cycle regulator cell division cycle 25A
(Cdc25A). Experimental overexpression of miRNA-15a
in PCK rat cholangiocytes results in decreased Cdc25A
protein levels, inhibition of cell proliferation, and cyst
growth reduction. Interestingly, experimental suppression of miRNA-15a in normal rat cholangiocytes accelerates cell proliferation, increases Cdc25A expression,
and promotes cyst growth[47]. All these data suggest that
the miRNA-15a/Cdc25A interplay could be a potential
target to inhibit hepatic cystogenesis (Figure 1). Importantly, inhibition of Cdc25A with its inhibitor vitamin K3 suppresses hepatorenal cystogenesis in rodent
models of polycystic kidney and liver disease, being a
valuable potential pharmacological approach to test in
clinical trials[51] (Figure 1). Moreover, it will be interesting
to demonstrate in future studies the role of many other
altered miRNAs in the pathogenesis of PCLDs.

Vitamin K3

Cdc25a
Cell cycle

-Cell cycle dysregulation
-Proliferation
-Cystogenesis

Figure 1 miRNA-15a/Cdc25a interplay participates in hepatic cystogenesis of polycystic liver diseases. miRNA-15a directly targets the cell cycle
regulator Cdc25a. In polycystic rat and human cholangiocytes, miR15a is downregulated, thus resulting in Cdc25a upregulation, cell proliferation and cystogenesis. The Cdc25a inhibitor vitamin K3 was demonstrated to target Cdc25a,
blocking the hepatorenal cystogenesis of several rodent models of polycystic
kidney and liver disease. This suggests the therapeutic potential of vitamin K3
for polycystic kidney and liver diseases.

PRIMARY BILIARY CIRRHOSIS
Primary biliary cirrhosis (PBC) is a chronic cholestatic
liver disease that mainly affects middle-aged women[52]. It
is a rare disease, with an estimated prevalence of 1:8000
in countries such as the United Kingdom. Four stages
of this disorder have been characterized by progressive
bile-duct loss that runs in parallel with an increase in
cholestasis and fibrosis[52]. The etiology of PBC remains
unknown, and the pathogenesis is poorly understood.
The serological hallmark of PBC is the development of
high titers of antimitochondrial autoantibodies (AMAs)
in serum associated with an immunological attack on
the small intrahepatic bile ducts[52]. Interestingly, PBC
patients usually have a poor response to immunosuppressants and the only therapeutic option that improves
the outcome of the disease in two thirds of PBC patients is daily administration of ursodeoxycholic acid
(UDCA), a hypercholeretic bile acid[52]. In addition, and
importantly, PBC patients show alterations in the biliary secretion of bicarbonate. Thus, PBC patients show
a failure in the secretin-stimulated biliary secretion of
bicarbonate[53], as well as a reduction in the hepatobiliary
expression of anion exchanger 2 (AE2/SLC4A2)[54,55].
AE2 is a Cl-/HCO3- exchanger located in the canalicular
membrane of hepatocytes and in the apical membrane
of cholangiocytes that controls the intracellular pH
(pHi) and promotes the alkalinization and fluidization of
bile[1,2,56]. An interesting hypothesis suggests that, in PBC
patients, long-term maintained alteration of pHi by AE2
downregulation might modify cholangiocyte and lympho
cyte function[57]. To test the etiopathogenic role of AE2
downregulation in PBC, an Ae2a,b1,b2-/-mouse knockout
was generated. Interestingly, these animals spontaneously reproduce over time many PBC features[57], such
as: (1) portal infiltration of T lymphocytes and bile duct
damage; (2) increased oxidative stress in cholangiocytes;
(3) elevated production of interferon-γ and IL-12; (4)
periductular hepatic fibrosis; (5) increased levels of

the primary cilium of cholangiocytes[44]. Many of these
proteins interact with each other forming complexes
that signal through common pathways. Mutations in
genes encoding proteins located in the primary cilium of
cholangiocytes result in physical and functional defects
of this organelle, and outcome in the development of
several forms of PCLD classified as ciliopathies. For this
reason, and because the only cells in the liver that have
cilia are cholangiocytes, the PCLDs affecting genes encoding proteins which are localized in the cilia are called
cholangiociliopathies[44]. It has been recently demonstrated that hepatic cystogenesis in PCLDs is the result
of hyperproliferation[45], hypersecretion[46], and alteration in the pattern of miRNAs in the bile duct cells[47],
and that these alterations are intracellularly associated
with an increase in the levels of cAMP and a decrease
in calcium[45,48,49]. In this regard, global changes in the
expression pattern of miRNAs were observed between
cultured cholangiocytes from normal and PCK rats
(animal model of hepatorenal polycystic disease, i.e., autosomal recessive polycystic kidney disease)[47,50]. In total,
121 and 148 miRNAs were detected in normal and PCK
rat cholangiocytes, respectively. Twelve miRNAs were
expressed in normal rat cholangiocytes and not in PCK
rat cholangiocytes, and 39 were present only in PCK
rat cholangiocytes. Moreover, there were changes in the
expression of 109 common miRNAs between both cell
lines. Interestingly, 97 of these common miRNAs (i.e.,
87%) were found to be downregulated in PCK rat cholangiocytes compared to normal rat cholangiocytes, and
12 miRNAs (11%) were overexpressed in cystic cholangiocytes. Among those highly downregulated miRNAs
in cultured PCK rat cholangiocytes, miRNA-15a is also
downregulated in vivo in cholangiocytes from PCK rats
and PCLD patients[47]. This miRNA-15a downregulation
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miRNAs
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-Increased antigen presentation

Figure 2 Role of miRNA-506 in the etiopathogenesis of primary biliary cirrhosis. Different risk factors could induce genetic alterations leading to anion exchange
2 (AE2) downregulation in primary biliary cirrhosis (PBC) cholangiocytes. miRNA-506 is overexpressed in PBC cholangiocytes, thus resulting in the inhibition of both
AE2 protein translation and subsequent Cl-/HCO3- activity, and impairing the biliary secretory functions.

IgM, IgG, and hepatic alkaline phosphatase; and (6) the
presence of PBC-specific AMAs. Different agents such
as hormones, metabolic influences, infectious agents,
xenobiotics, cytokines/inflammatory mediators, and/or
miRNAs could be involved in the AE2 downregulation
present in PBC patients. Regarding miRNAs, a differentially expressed miRNA profile in livers from PBC patients compared with normal controls has been recently
reported [58]. The change consists of 35 differentially
expressed miRNAs (11 upregulated and 24 downregulated), which were predicted to target genetic transcripts
involved in cell proliferation, apoptosis, inflammation,
oxidative stress and metabolism [58]. Regarding those
miRNAs that were overexpressed in the miRNA array,
we observed by using bioinformatics approaches that
miRNA-506 could be a potential direct AE2 regulator.
Therefore, we tested if AE2 downregulation in PBC
cholangiocytes is dependent on miRNAs, and specifically
on miRNA-506. Our data showed that miR-506 is upregulated in cholangiocytes from PBC patients, binds to
the 3’-UTR of AE2 mRNA, and prevents protein translation, leading to diminished AE2 activity and impaired
biliary secretory functions[59]. These data suggest the
ethiopathogenic role of miR-506 in the AE2 downregulation characteristic of PBC cholangiocytes (Figure 2).
On the other hand, the reported AE2 downregulation in
PBC lymphocytes was not associated with changes in the
expression of miRNA-506[59]. This disease preferentially
affects women, therefore, it is interesting to remark that
the gene encoding miRNA-506 is located in the X chromosome. Further investigations are needed to characterize fully the role of miRNA-506 in the regulation of
other targets and cellular features, as well as the analysis
of its expression in other tissues. Moreover, the role of

WJG|www.wjgnet.com

UDCA and estrogens on miRNA-506 expression will be
valuable information to expand the ethiopathogenic role
of this miRNA in PBC.

CONCLUSION
In summary, the available information clearly indicates
that miRNAs represent a new research area in the field
of biliary pathophysiology. As stated in this review,
they may modify different features in cholangiocytes,
such as secretion, apoptosis, proliferation, and migration, and can be regulated by different mechanisms and
conditions, such as epigenetics, hypoxia, or circadian
rhythms. There is still limited information about the
role of miRNAs in biliary diseases, but future investigations will provide more evidence regarding their role
in the development and progression of cholangiopathies, as well as in their potential use for diagnosis and
therapy. Finally, it is important to remark upon the increasing information about the role of stem cells in the
pathophysiology of biliary diseases[60]; in this regard,
the potential role of miRNAs in the regulation of biliary stem cells during cholangiocyte injury, as well as the
role of miRNAs in the development of cancer stem
cells in CCA[61] need to be elucidated.
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Abstract
Biliary strictures are considered indeterminate when
basic work-up, including transabdominal imaging and
endoscopic retrograde cholangiopancreatography with
routine cytologic brushing, are non-diagnostic. Indeterminate biliary strictures can easily be mischaracterized
which may dramatically affect patient’s outcome. Early
and accurate diagnosis of malignancy impacts not only
a patient’s candidacy for surgery, but also potential
timely targeted chemotherapies. A significant portion
of patients with indeterminate biliary strictures have
benign disease and accurate diagnosis is, thus, paramount to avoid unnecessary surgery. Current sampling
strategies have suboptimal accuracy for the diagnosis
of malignancy. Emerging data on other diagnostic modalities, such as ancillary cytology techniques, single
operator cholangioscopy, and endoscopic ultrasonography-guided fine needle aspiration, revealed promising
results with much improved sensitivity.

INTRODUCTION
Cholangiocarcinoma is usually diagnosed at an advanced
stage, which is the main reason for the poor prognosis
of this tumor. Patients with T1 stage tumor who undergo resection have an excellent prognosis with a cumulative 5-year survival rate of about 100%[1]. T1 stage
tumors are confined to the bile-duct wall and are limited
to the mucosa or fibromuscular layer of the bile duct
and do not usually present with lymph node metastases.
Therefore, a diagnosis of bile duct carcinoma in T1 stage
is crucial for long term survival. Serum alkaline phosphatase and gamma-glutamyltransferase are elevated in
40% of these patients and 40% are non-icteric[1]. Cholangiocarcinoma typically presents as biliary strictures.
These strictures remain a diagnostic dilemma since a
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WJG|www.wjgnet.com

6197

November 21, 2012|Volume 18|Issue 43|

Victor DW et al . Endoscopic approach to indeterminate stricture

significant proportion of them remain indeterminate for
malignancy despite radiologic, endoscopic, and laboratory testing. Early and accurate diagnosis impacts not only
patients’ outcome and patients’ possible surgical candidacy, but also potential targeted chemotherapies. Since
13% to 24% of patients with presumed hilar cholangiocarcinoma are found to have benign disease[2,3], accurate
diagnosis is paramount to avoid unnecessary surgery for
patients with benign strictures. The difficulty is amplified when attempting to discern malignant from nonmalignant strictures in patients with primary sclerosing
cholangitis (PSC) as this affects transplantation decision.
This review explores strategies that can be employed by
the endoscopist to improve the diagnostic yield of endoscopic work-up in patients with indeterminate strictures.
Biliary strictures are considered indeterminate when basic work-up, including transabdominal imaging and endoscopic retrograde cholangiopancreatography (ERCP)
with routine cytologic brushing, are non-diagnostic.

49
15

Figure 1 Fluoroscopic image during endoscopic retrograde cholangiopancreatography showing a hilar stricture with left intrahepatic biliary
dilation. Endoscopic brushing was performed and routine cytology confirmed
hilar cholangiocarcinoma.

dilation with subsequent brushings[16], repeated brushings, immunohistochemistry testing, mutational analysis,
digital image analysis (DIA), and fluorescence in situ hybridization (FISH)[17].
Fogel et al[15] studied the use of a longer biliary cytology brush with stiffer bristles. Despite improved
cellularity, cancer detection rates were not improved by
using the new brush design. The low sensitivity of biliary brushings is attributed to the submucosal pattern
of tumor growth or extrinsic malignancy. Interrupting
the mucosa with endoscopic dilation may theoretically
improve the cytologic yield. de Bellis et al[16] studied this
strategy by obtaining brushing cytology pre and post
dilation. Sensitivity did not improve after dilation (35%
and 31%, respectively); however, importantly, the combined sensitivity was improved at 44%. The authors
concluded that stricture dilation was not helpful but that
repeat biliary brushings increase the diagnostic yield. Inadequate biliary cytology specimens are the main reason
for non-diagnostic samples. This may be overcome by
the presence of an onsite cytopathologist or technician,
which allows real time assessment of cytology samples
and may decrease the likelihood of inadequate samples
and improper sample preparation [same as widely practiced with endoscopic ultrasound-guided fine needle
aspiration (EUS-FNA)][18]. If this is not possible, other
practiced strategies include cutting the entire brush and
submitting it to pathology in a fixative solution or creation of slides by the endoscopy team and placing them
in a fixative solution prior to submission to pathology[18].

RADIOLOGIC WORK-UP
Transabdominal ultrasound (TUS) is usually the initial
diagnostic modality used to investigate suspected biliary
pathology. TUS is non-invasive, relatively cheap, widely
available, and allows visualization of the biliary tree.
However, TUS does not reliably examine the distal part
of the common bile duct because of the interference of
bowel gas[4]. Abdominal computed tomography (CT) is
useful for work-up of patients with suspected cholangiocarcinoma. However, it has suboptimal sensitivity for
the detection of early tumors[5]. Since its introduction in
1991[6], magnetic resonance cholangiopancreatography
(MRCP) has emerged as an accurate noninvasive modality for biliary imaging[7]. MRCP has a high sensitivity
for bile-duct stenosis and filling defects associated with
bile duct carcinoma; however, its specificity and positive
predictive values are suboptimal as it cannot reliably distinguish malignant strictures from other strictures due to
benign etiologies[8,9]. Still, some ductal features on MRCP
and ERCP may suggest malignant or benign etiology
of biliary strictures. Malignancy is suggested by long (>
10 mm), asymmetric, and irregular strictures. However,
these criteria are not particularly sensitive or specific[10].
Therefore, unless abdominal imaging detects biliary mass
lesions, further endoscopic work-up is warranted to determine the etiology of biliary strictures.

Ancillary cytology techniques
Chromosomal abnormalities are typically seen in biliary
tract malignancies. Flow cytometric analysis for DNA
content has been used with moderate gains in sensitivity at 42%, but at the expense of a lower specificity of
77%[19]. This technique is also limited by its requirement
of a relatively large amount of tissue for examination.
New ancillary cytologic techniques, such as FISH and
DIA, have recently been used to improve the sensitivity
of routine cytology for the diagnosis of malignancy in

ENDOSCOPIC RETROGRADE
CHOLANGIOPANCREATOGRAPHY
Intraductal brushing during ERCP (Figure 1) remains the
first-line approach for tissue sampling of biliary strictures
because of its wide availability and technical ease in most
cases. However, most studies report a poor sensitivity of
27% to 56%[11-14]. Multiple strategies have been employed
to improve the sensitivity without sacrificing the specificity. These have included novel brushes[15], biliary stricture

WJG|www.wjgnet.com

6198

November 21, 2012|Volume 18|Issue 43|

Victor DW et al . Endoscopic approach to indeterminate stricture

pancreatobiliary strictures. FISH analysis detects chromosomal polysomy using fluorescent probes, whereas
DIA technique quantifies nuclear DNA via special stains
to assess for the presence of aneuploidy[17,20,21]. Only
80% of pancreaticobiliary malignancies manifest these
cellular alterations. Therefore, the sensitivity of these
advanced techniques is still not optimal. Levy et al[20]
found that FISH improves sensitivity 14% to 24% when
routine cytology is negative. Fritcher et al[17] found that
patients with abnormal FISH results were 77 times more
likely to have carcinoma than those with normal FISH.
They also found that DIA had a higher sensitivity (44.8%)
than cytology. However, specificity was significantly
lower at 89.1%. In addition, DIA was not found to be
a significant independent predictor of malignancy[17].
Therefore, FISH seems to be a more valuable ancillary
cytologic technique for the evaluation of indeterminate
biliary strictures. It is particularly useful in biliary malignancy as it requires fewer cells for analysis than routine
cytology or flow cytometry. A recent report studied the
additional value of including deletion of 9p21 (p16)
in the diagnostic criteria of FISH for malignant biliary
strictures[22]. This significantly improved the sensitivity
of FISH from 47% to 84%.
It is crucial to realize that benign strictures in patients
with PSC may manifest chromosomal abnormalities and,
thus, the specificity of FISH in this setting (67%-88%)
is lower than routine cytology[23]. However, the sensitivity of FISH for malignancy in this setting is still higher
than that of routine cytology at 72%[23]. In short, FISH
increases the sensitivity of brush cytology of indeterminate biliary strictures at the expense of a lower specificity. Therefore, FISH should be reserved for patients
with high pre-test probability for malignant strictures
(e.g., PSC patients with dominant stricture, patients with
persistent elevation of carbohydrate antigen 19-9 after
biliary decompression, etc.).

Figure 2 Intraductal ultrasound showing bile duct mass and surrounding
lymph nodes.

forceps biopsy of biliary strictures had an incremental
diagnostic yield for diagnosis of bile duct malignancy as
compared to cytology alone. Triple sampling with brushing, transpapillary biopsy and endoluminal FNA had the
highest sensitivity. The authors recommended the use
of at least two sampling methods. However, endobiliary biopsy remains technically challenging (especially for
proximal biliary strictures) and complications, including
bleeding and biliary perforation, have been infrequently
described. Jailwala et al[29] remark that biopsy sampling
added 10 to 15 min to the procedure time. Currently
most biopsies are done using standard biopsy forceps
alongside a guidewire which makes positioning the forceps more difficult[30]. While adapted biopsy forceps[31,32]
are used they are not widely available or utilized. Widely
available dedicated biliary forceps are needed to improve
the yield and safety of biliary biopsies.
Intraductal ultrasound
ERCP with intraductal ultrasound (IDUS) has also been
utilized to improve the diagnostic yield of biliary strictures[33-35]. IDUS is accomplished by over-the-wire insertion of a small and high-frequency ultrasound probe
into the biliary system through a standard duodenoscope
under fluoroscopic guidance [36]. Advantages of these
probes include ease of biliary cannulation obviating the
need for sphincterotomy in most cases, and the provision of high resolution, detailed images of ductal and
periductal tissues without significantly lengthening the
ERCP procedure. Moreover, although distant metastases
and lymph node involvement may fall outside the imaging field of the device, IDUS can provide local staging
required to select patients who would benefit from surgical resection when a malignancy is identified[37]. IDUS
has consequently emerged as an adjunct to ERCP in the
evaluation of biliary strictures (Figure 2). Sonographic
features seen during IDUS that are suggestive of malignancy include eccentric wall thickening with an irregular
surface, a hypoechoic mass, heterogeneity of the internal
echo pattern, a papillary surface, disruption of the normal three-layer sonographic structure of the bile duct,
presence of lymph nodes, and vascular invasion[38]. Find-

Endobiliary forceps biopsy
Endobiliary forceps biopsy of biliary strictures during
ERCP is another endoscopic technique used in routine
clinical practice for sampling biliary strictures. In general, forceps biopsies have had the highest yield when
compared to brush cytology and fluoroscopically-guided
FNA. Cancer detection rates using endobiliary forceps
range from 44% to 89 % for cholangiocarcinoma and
33% to 71 % for pancreatic cancer[24-27]. Wright et al[28]
studied the “smash protocol” for handling biopsies of
biliary strictures obtained using endobiliary forceps. Biopsies were smashed between two glass slides, stained
by rapid Papanicolaou, and immediately read by onsite pathologists in the ERCP suite. The authors found
that immediate cytopathologic diagnosis at ERCP was
established in 72 % of cases and concluded that this approach permits immediate diagnosis and avoids the need
for subsequent procedures, adds little cost and time, and
is safe to perform. External validation of these results
is warranted. Jailwala et al[29] showed that endobiliary
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ings suggestive of benign lesions include preservation
of the normal three-layered sonographic appearance of
the bile duct wall, homogeneous echo-rich masses with
smooth margins, and the absence of a mass lesion[38].
The accuracy of these criteria in patients with biliary
strictures ranges from 83% to 90%[36,39,40]. IDUS has been
shown to improve the diagnostic accuracy of ERCP (with
routine cytology) to 58% to 90%[35,39,41]. The benefit of
IDUS, however, is limited in the repeated evaluation of
strictures, as the presence of a previously placed biliary
stent affects its diagnostic yield[42]. Lee et al[42] favored
EUS to IDUS given that their patients typically had prior
stents placed for the treatment of indeterminate strictures. However, IDUS may have a role in concert with
EUS, especially in patients without prior stent or in those
with proximal biliary (e.g., hilar strictures) lesions, where
EUS has shown suboptimal accuracy (see below)[35,43].

unresectable tumors in some patients where CT and/
or MRI failed to detect unresectability[43]. In addition,
EUS-FNA permits identification of extraductal tumors
and allows triage of patients to potential non-operative
management (e.g., lymphoma, metastatic lesions)[50,51].
Therefore, EUS-FNA is an important diagnostic modality in patients with a distal indeterminate biliary stricture.
ERCP remains the preferred initial approach in patients
with proximal (defined as < 2 cm from the hilum) strictures. In symptomatic (i.e. icteric) patients, ERCP should
still be the first-line approach because drainage can be
accomplished concomitantly with tissue sampling. EUSFNA can be performed subsequently if tissue samples
obtained during ERCP are non-diagnostic.

CHOLANGIOSCOPY
Direct visualization of biliary strictures through cholangioscopy (percutaneous or endoscopic) may improve
the diagnostic yield of cholangiography and routine
cytology[52]. Percutaneous cholangioscopy is effective in
visualizing the biliary tree; however, it requires a percutaneous biliary access and repeated dilations to accept
the cholangioscope. The use of “mother-baby” scopes
have fallen out of favor due to requirement of two operators, fragility, suboptimal irrigation systems, and lack
of 4 way tip deflection (Figure 5)[53]. The Spyglass direct
visualization system (Boston Scientific, Natick, MA,
United States) allows for single operator cholangioscopy (SOC)[54-56]. The components of the SOC system
include the disposable SpyScope (Boston Scientific), a
10Fr access and delivery catheter with a 1.2 mm diameter working channel and 2 dedicated irrigation channels
(Figure 6). It is introduced through a duodenoscope
with a minimum working channel diameter of 4.2 mm.
The catheter is capable of tip deflection of at least 30
degrees in 4 directions[54,56]. The reusable SpyGlass Fiber
Optic Probe (Boston Scientific) provides 6000 pixel images. The disposable SpyBite Biopsy Forceps (Boston
Scientific) incorporates jaws at the tip designed to excise
and retrieve visually targeted tissue.
An initial prospective observational feasibility study
at 2 tertiary medical centers demonstrated that the SOC
system can provide adequate samples for histologic diagnosis and to successfully guide stone therapy[54]. Subsequently, Chen et al[57] conducted a larger scale multicenter
prospective observational study of SOC procedures in
297 patients with biliary strictures and/or stones and
aimed to provide confirmatory evidence that direct visualization using the SOC system can aid in the diagnosis
of biliary disease and facilitate stone therapy. The overall
procedure success rate was 89%. SOC visual impression
had a sensitivity, specificity, positive predictive value and
negative predictive value for diagnosing malignancy of
78%, 82%, 80% and 80%, respectively (Figure 7). For
SOC-directed biopsy, the respective results were 49%,
98%, 100% and 72%. Sensitivity was higher (84% and
66%, respectively) for intrinsic bile duct malignancies

ENDOSCOPIC ULTRASOUND
Endoscopic ultrasound (EUS) has become a valuable
tool in the evaluation of lesions in the gastrointestinal
tract as well as pancreaticobiliary system. It has the advantage of being able to both provide real time imaging
of the GI tract and adjacent organs as well as obtain tissue through FNA. EUS-FNA has a sensitivity of about
85% and a specificity approaching 100% for the diagnosis of pancreatic tumors[44,45]. The role of EUS in indeterminate biliary strictures is still not well defined. EUS
has a sensitivity and specificity comparable to MRCP in
the diagnosis of pancreaticobiliary disease[46]. Sai et al[9]
studied 123 non-icteric patients with elevated alkaline
phosphatase and common bile duct dilation on TUS.
MRCP followed by EUS had a sensitivity of 90% and
specificity of 98% for the diagnosis of cholangiocarcinoma. The positive predictive value was also dramatically
increased from 35% to 70% when EUS was added to
MRCP[9].
The advantages of EUS-FNA in the diagnostic workup of patients with indeterminate biliary strictures are
multiple. EUS may visualize a biliary mass missed by
other imaging modalities in a significant proportion of
patients (Figure 3). Eloubeidi et al[47] reported visualizing a mass in 33% of patients following previously
non-diagnostic imaging. Similarly, a more recent study
reported a mass visualized on EUS in 94% of patients
(Figure 4), while CT and magnetic resonance imaging
(MRI) revealed a mass in only 30% and 42% of these
patients, respectively[43]. EUS allows performance of
FNA of visualized masses with reported sensitivity for
malignancy of 43% to 86%[42,47-49]. It is noteworthy mentioning that the sensitivity of EUS-FNA is significantly
higher in distal than in proximal cholangiocarcinoma.
Mohamadnejad et al[43] studied 81 patients with cholangiocarcinoma who underwent EUS. Sensitivity of EUSFNA was significantly higher in distal compared with
proximal cholangiocarcinoma (81% vs 59%, respectively;
P = 0.04). Another advantage of EUS is ability to define
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Figure 3 Endoscopic diagnosis and therapy for a bile duct mass missed on transabdominal imaging. A: Endoscopic ultrasound showing a bile duct mass that
was missed by computed tomography and magnetic resonance imaging; B: Biliary dilation was present proximal to the stenosis; C: Endoscopic ultrasound-guided fine
needle aspiration was performed and was diagnostic of cholangiocarcinoma; D: Endoscopic retrograde cholangioscopy was performed during the same session and
cholangiography revealed distal biliary stricture; E, F: A fully-covered metal biliary stent was placed.

as compared to non-intrinsic malignancies. Diagnostic
SOC procedures altered clinical management in 64%
of patients. The incidence of serious procedure-related
adverse events was 7.5% for diagnostic SOC. Ramchandani et al[58] recently described a sensitivity of 95% and
specificity of 79% for visual impression during Spyglass
cholangioscopy in 36 patients with indeterminate biliary strictures. Both sensitivity and specificity were 82%
after utilizing Spybite cholangioscopic biopsies[58]. Draganov et al[59] reported that the SOC guided biopsies had
significantly higher accuracy of 84.6% as compared to
standard transpapillary biopsies and cytology with accuracies of 53.9% and 35.5%, respectively. The authors
were careful to point out that SOC guided biopsies had
suboptimal negative predictive value of 69.2% over the
mean 22 mo follow up[59]. These results suggest a benefit
of SOC in patients with indeterminate biliary strictures.
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Visual impression of malignancy is an integral part of
cholangioscopy, especially that the yield of SpyBite biopsies is suboptimal. Presence of “tumor vessels” within
biliary strictures during cholangioscopy is indicative of
biliary malignancy[60]. These irregular, dilated vessels are
due to neovascularization at the site of the stricture due
to tumor growth. Their presence has sensitivity up to
100% for malignancy[61]. Intraductal nodules and masses
(Figure 8) can be visualized during cholangioscopy and
are indicative of malignancy[60]. However, these ductal
findings are only visualized in a fraction of patients with
cholangiocarcinoma. Biliary mucosal changes can be further delineated using methylene blue-aided cholangioscopy. In a feasibility study, Hoffman et al[62] showed that
normal and non-dysplastic mucosa was characterized
by a homogenous light blue staining pattern, where as
inflamed and dysplastic mucosa was characterized by in-
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Figure 4 Endoscopic ultrasound evaluation of bile duct mass not seen on
transabdominal imaging. A: Endoscopic ultrasound demonstrating the presence of bile duct mass; B: Endoscopic ultrasound-guided fine needle aspiration
was diagnostic of cholangiocarcinoma

Figure 6 Spyglass single operator cholangioscopy system. A: SpyScope
10Fr access and delivery catheter; B: SpyGlass fiber optic probe; C: SpyBite
biopsy forceps.

the diagnostic SOC. Sethi et al[63] report that ERCP with
cholangioscopy had complication rate of 7.0% as compared to the ERCP only rate of 2.9%. Subgroup analysis
revealed a high proportion of cholangitis in the cholangioscopy group. They postulate that this may be due to
the saline infusion used in cholangioscopy[63]. Draganov
et al[59] did not report any episodes of cholangitis in 26
patients who underwent SOC for indeterminate stricture. A recent editorial from Gaidhane et al[64] suggests
that this lack of cholangitis may be due to aggressive
biliary drainage in these patients.

Figure 5 The “mother-baby” scope cholangioscopy system. The main
disadvantage of this system is the requirement for two endoscopists to perform
the procedure.

tense and inhomogeneous dark blue staining. More studies are needed to depict the utility of chromoendoscopy
during cholangioscopy.
SOC is a technically feasible but is currently not a
first line modality for evaluation of biliary strictures. It
has some limitations. The 10 French catheter size typically requires sphincterotomy to advance the cholangioscope into the bile duct. At times due to the location and
diameter of the stricture, the system cannot be advanced
to the desired location. Complications for ERCP with
cholangioscopy are reported by Chen et al[57] as 7.5% for
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Probe-based confocal laser endomicroscopy
Confocal laser endomicroscopy permits real time histologic evaluation during endoscopy. Probe-based confocal
laser endomicroscopy (p-CLE) can be used to generate
microscopic information during ERCP[65]. The Cholan-
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A

B

Figure 7 Single operator cholangioscopy used to obtain a diagnosis in
a stricture with nondiagnostic cytology. A: Magnetic resonance cholangiopancreatography showing a long distal biliary stricture with proximal biliary
dilation. Endoscopic retrograde cholangiopancreatography with brushing was
non-diagnostic; B: SpyGlass cholangioscopy revealed a malignant-appearing
ulcerated biliary stricture. Spybite biopsies confirmed cholangiocarcinoma.

Figure 8 SpyGlass cholangioscopy revealing a bile duct mass. This is
indicative of cholangiocarcinoma.

sequently developed by Cook Medical (Winston-Salem,
NC) to facilitate D-PVCS[62]. However, few episodes of
cardiac and cerebral air embolisms have been reported
with this system and were thought to be due to biliovenous fistula [64]. Carbon dioxide insufflation during
D-PVCS may decrease or eliminate embolization risk.
However, this has to be further studied in animal models
before embarking on further human studies.
In conclusion, indeterminate biliary strictures remain
elusive. ERCP with routine cytology and transpapillary
biopsy is the first diagnostic test of choice, especially in
that these strictures often require treatment with dilation
and/or stenting. Advances in endoscopic and cytopathologic techniques and accessories have improved the
diagnostic yield of endoscopic work-up. These advances
include EUS +/-FNA, IDUS, cholangioscopy, ancillary
cytology techniques, among others. If initial ERCP with
routine cytology and biopsy is non-diagnostic, one or a
combination of these diagnostic techniques is warranted.
The choice of what next diagnostic modality should be
used should be individualized and depends on local expertise, patients’ anatomy, comorbidities (e.g., PSC), and
preferences.

gioFlex probe (Maunakea Tech, Paris, France) is specially
designed for p-CLE during ERCP procedures and has
been miniaturized to have an external diameter of 0.94
mm. The probe fits in the 1.2 mm diameter working
channel of a cholangioscope. The probe can be inserted
as a standard ERCP accessory device. The radio opacity
of the probe tip allows for fluoroscopic guidance and
probe positioning, and the optical penetration of the
confocal plane provides subsurface information with no
interference from bile or solid residues. In a feasibility
prospective study on 14 patients with indeterminate biliary strictures, the investigators predicted neoplasia with
a sensitivity of 83%, specificity of 88%, and accuracy of
86%[66]. In a larger study of 102 patients with indeterminate pancreaticobiliary strictures, the overall diagnostic
accuracy of pCLE was 81%[67]. p-CLE resulted in a significant increase in overall diagnostic accuracy of ERCP
with tissue acquisition (90% vs 73%, P = 0.001). Biliary
p-CLE is still in its infancy and requires further study
before its routine use in the work-up of indeterminate
biliary strictures is recommended.
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REVIEW

Microscopic colitis
Gianluca Ianiro, Giovanni Cammarota, Luca Valerio, Brigida Eleonora Annicchiarico, Alessandro Milani,
Massimo Siciliano, Antonio Gasbarrini
lium. A number of pathogenetic theories have been
proposed over the years, involving the role of luminal
agents, autoimmunity, eosinophils, genetics (human
leukocyte antigen), biliary acids, infections, alterations
of pericryptal fibroblasts, and drug intake; drugs like
ticlopidine, carbamazepine or ranitidine are especially
associated with the development of LC, while CC is
more frequently linked to cimetidine, non-steroidal
antiinflammatory drugs and lansoprazole. Microscopic
colitis typically presents as chronic or intermittent watery diarrhea, that may be accompanied by symptoms
such as abdominal pain, weight loss and incontinence.
Recent evidence has added new pharmacological
options for the treatment of microscopic colitis: the
role of steroidal therapy, especially oral budesonide,
has gained relevance, as well as immunosuppressive
agents such as azathioprine and 6-mercaptopurine.
The use of anti-tumor necrosis factor-α agents, infliximab and adalimumab, constitutes a new, interesting
tool for the treatment of microscopic colitis, but larger,
adequately designed studies are needed to confirm existing data.
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Abstract

Key words: Microscopic colitis; Lymphocytic colitis; Collagenous colitis; Watery diarrhea; Immunosuppressive
agents; Anti-tumor necrosis factor-α agents

Microscopic colitis may be defined as a clinical syndrome, of unknown etiology, consisting of chronic watery diarrhea, with no alterations in the large bowel at
the endoscopic and radiologic evaluation. Therefore,
a definitive diagnosis is only possible by histological
analysis. The epidemiological impact of this disease
has become increasingly clear in the last years, with
most data coming from Western countries. Microscopic
colitis includes two histological subtypes [collagenous
colitis (CC) and lymphocytic colitis (LC)] with no differences in clinical presentation and management.
Collagenous colitis is characterized by a thickening of
the subepithelial collagen layer that is absent in LC.
The main feature of LC is an increase of the density
of intra-epithelial lymphocytes in the surface epithe-
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pathogenetic theories have been however proposed over
the years, often in small or conflicting reports.

INTRODUCTION
Microscopic colitis is a clinical syndrome of unknown
etiology, characterized by chronic watery diarrhea in
the absence of macroscopic changes in the large bowel.
Once a rare diagnosis, its prevalence is now increasing,
also because of the reduction of misdiagnoses, as it is
included more and more often in the differential diagnosis of watery diarrhea.
As a consequence, knowledge about microscopic
colitis has significantly improved in the last decade, with
breakthroughs such as the recent reports of endoscopic
findings or the use of anti-tumor necrosis factor (TNF)-α
agents (infliximab and adalimumab) for refractory forms
of the disease.
This paper will review the state of the art of epidemiology, theories on pathogenesis, diagnostic opportunities and, in particular, therapeutic improvements for
microscopic colitis.

Abnormal response of luminal antigens
This group of theories is supported by multiple pieces
of evidence. It has been shown that an ileostomy with a
diversion of the faecal flow determines the clinical and
histological resolution of the disease[11-13]; in a case in
which a Hartmann’s intervention had been performed,
the disease was still present in the intact proximal colon,
whereas it had disappeared in the distal colon, that had
undergone diversion[14].
Moreover, the benefits of drugs such as colestyramine in affected patients could be partly related to
the removal of luminal toxins[15]. However, most of the
patients with CC do not improve with cholestyramine; if
toxins do play a role, it could therefore be less important
in CC than in LC[16].
Chronic inflammation/autoimmunity
One of the most plausible pathogenetic hypotheses identifies the cause of MC in autoimmunity: a chronic inflammatory process against self antigens unleashed by an initial stimulation (infectious, chemical, or of other nature)
in a predisposed individual.
This theory rests on diverse, solid items of evidence:
(1), MC is more common among females, like most other
autoimmune diseases; (2), in MC various markers of
autoimmunity have been found, such as the antinuclear
antibodies (ANAs) and antiwall antibodies[17], and, in one
case, antineutrophilic cytoplasmic antibodies[18]; moreover, a recent controlled study by Holstein and colleagues
has found a statistically significant association of IgG
ANA, antigliadin IgA, anti-Saccharomyces cerevisiae antibodies IgA and IgG with with CC, but not with LC[19];
and (3), there is association between MC and various autoimmune diseases, such as thyroid diseases, rheumatoid
arthritis, diabetes mellitus 1, disorders of the connective
tissue, and coeliac disease[17]; this latter association has a
particular importance: in about 30% of untreated celiac
patients, colon biopsies show lesions identical to those of
LC, and these lesions are even more evident in the cases
of refractory coeliac disease[20-22]. Conversely, another
study has evaluated the frequency of coeliac disease in
the patients with LC: of 46 patients with MC who had
undergone the screening for coeliac disease, 19 had CC
and 27 had LC; of these, 4 were coeliac, and all had LC,
an incidence much higher than in the general population[23]. Moreover, another study shows that the CC can
be a way of presentation of the coeliac disease[24]. The
possibility that the autoimmune process could be mediated by an abnormal response to luminal antigens (a notion
included in the above described theory) would strengthen
both theories and pave the way to linking them to each
other or even merging them.

EPIDEMIOLOGY
Epidemiological data on microscopic colitis (MC)[1] mainly originate from the Western world. MC accounts for
4%-13% of cases of chronic diarrhea. In Europe, collagenous colitis (CC)[2] has an incidence of 0.6-2.3/100 000
per year, and a prevalence of 10-15.7/100 000. Lymphocytic colitis (LC)[3], on the other hand, has an incidence of 3.1/100 000 per year, and a prevalence of
14.4/100 000. In particular, three European epidemiological studies have shown data on the incidence of MC
in, respectively, France (0.6/100 000 per year), Sweden
(1.8/100 000 per year) and Spain (1.1/100 000 per year).
Recent data from North America report an incidence
of 3.1-4.6/100 000 per year for CC and 5.4/100 000 per
year for LC[4-7]. A Spanish study has devoted particular
attention to the epidemiological differences between CC
and LC: patients with CC seem to be younger than patients with LC in a statistically significant way; moreover,
in these patients diagnosis occurs later than in those with
LC[5]. Both pathologies are more frequent among females,
but more markedly so in CC[8], though this finding is not
statistically significant[9].
Actually, it may be difficult to determine the real
epidemiological impact of MC for at least two reasons.
First, the low specificity of signs and symptoms may
cause the diagnosis to be missed or at least delayed, so
that the incidence of the condition is underestimated.
Secondly, until recently there were no epidemiological
population studies, the scientific literature on MC mainly
consisting of sporadic case reports. It is therefore unclear whether the increased incidence of MC is real or a
simple consequence of the increased attention drawn to
the disease[10].

PATHOGENESIS

Malabsorption of biliary acids
There is conflicting evidence on the role of biliary acids.

The aetiology of MC is still unknown: a number of
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The colic infusion of biliary acids in animal models may
determine a colitis[25,26], and patients with ileal resection
causing malabsorption of biliary acids may have diarrhea. An association between atrophy of ileal villi and
MC has also been described[27,28].
However, small studies conducted with the bile acid
breath test have shown little or no evidence of malabsorption of biliary acids in patients with MC[29-31]. Other
studies investigating the retention of selenium homocholyltaurine have found variable degrees of malabsorption[27,28,32], but this method is still considered uncertain
and of dubious validity.

collagen they produce deposits around the crypts in the
basal lamina[47-50]. These fibroblasts have a myofibroblastlike behaviour: they form in the deepest part of the
crypts and later climb them. During this migration they
mature into collagen producing fibrocytes[50]. It has been
hypothesized that abnormalities of this process could
contribute to the excess deposition of collagen in CC,
where collagen deposits below the basal lamina in a
subepithelial position[47]. Studies have been conducted
with the purpose characterize the subepithelial collagen,
but findings are heterogeneous: some reports show that
the subepithelial band mostly consists of collagen type
[51,52]
, which finding would have pointed to a primary
Ⅵ
alteration of collagen synthesis[44]; other studies have
demonstrated the presence of collagen Ⅰ and Ⅲ - the
latter probably representing an attempt to repair after a
chronic inflammatory damage[53] - and the absence of
collagen type Ⅳ[44]; Günther et al[54] have shown the presence of collagen Ⅵ along with Ⅰ and Ⅲ.
Ischemic processes are an insufficient explanation for
the differences between LC and CC: while ischemia does
not result in alterations of collagen deposition, it also
does not account for the inflammatory infiltrate, and
no sign of ischemia has been found in LC. Moreover,
abnormalities of pericryptal fibroblast similar to those
of CC have been also observed in the fibrotic form of
ulcerative colitis[49]. Therefore, no clear relationship has
been defined so far between MC and dysfunctions of
pericryptal fibroblasts.

Brainerd diarrhea and other forms of infection
The term “brainerd diarrhea” indicates a watery diarrhea
related to the exposure of an unknown etiologic agent
(the agent that initially gave its name to the syndrome is
raw milk)[33].
Brainerd diarrhea is indistinguishable from MC both
clinically [34] and histologically, as it displays the same
mucosal lymphocytosis, epithelial damage and collagen
deposits[33,34]. Moreover, a subpopulation of patients with
MC responds to antibiotic therapy[32,34-36], in particular to
metronidazole. Finally, a study on an animal model has
shown that human leukocyte antigen (HLA) B27/β 2
microglobulin transgenic mice, exposed to colon bacteria,
develop a damage similar to that of LC[37].
A role has also been suggested of infectious agents
such as Yersinia[38] and Clostridium difficile (C. difficile)[39,40].
However, this body of evidence has not yet led to identifying a specific etiologic agent.

Drug intake
Use of several drugs has been associated with the development of MC. LC has been suggested to be associated
with ticlopidine[55], carbamazepine[56], ranitidine[57], vinburine[58], tardyferon[59], acarbose[60] and Cyclo 3 Fort[61].
In particular, Berrebi et al[55] have shown that ticlopidineinduced LC is accompanied by increased epithelial apoptosis - which could be either a second effect of the drugassociated damage or a consequence of the colitis itself.
The list of drugs suggested as causes of CC includes
cimetidine[62], non-steroid anti-inflammatory drugs[63,64],
and, more recently, lansoprazole[65].
Recently, Beaugerie et al[66] have proposed a scoring
system specific for drug-induced MC, based on chronological and causality criteria. Chronological criteria are
based on the time between explosure to a drug and an
adverse event, the evolution of the event if the therapy
is interrupted, and the evolution if the therapy is restored; causality criteria are based on the exclusion of
other causes of diarrhea and on specific histological
findings. By combining the two sets of criteria, a score
is obtained that defines the probability that a drug has
caused MC: 0, not related; 1, doubtful; 2, possible; 3,
likely; 4, almost definite.

Correlation with HLA
In general, studies on HLA haplotypes provide insubstantial information: LC has been found to be positively
associated with haplotypes A1 and DRW53, DQ2 e
DQ1.3, and negatively associated with A3; CC has been
found to be both positively and negatively associated
with DQ2[17,41,42]; other studies have found no statistically
significant association between HLA haplotypes and
MC[43].
Role of eosinophils
It has been shown that histamine may cause a chloride
hypersecretion in the colon, and this mechanism might
contribute to cause the secretory diarrhea associated
with CC, through increased blood flow and a reduced
sphincter activity. Moreover, a case has been reported
of a patient with LC and a significant intraepithelial
eosinophil infiltrate that improved with antihistaminic
therapy[44]. Also, mast cells could mediate the abnormal
deposition of collagen[45], as patients with systemic mastocytosis often display fibrosis[46].
Abnormalities of pericryptal fibroblasts
Physiologic production of collagen at the level of the
lamina propria is ensured by a sheath of fibroblasts that
surrounds lieberkuhn crypts (pericryptal fibroblasts): the
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HISTOPATHOLOGY
Definitive diagnosis of MC rests on histological exami-
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cecum to the rectum[69,76], others suggest that biopsies of
the transverse colon give the best chance of diagnosis[79],
but as a general rule left-sided colonic biopsies, easily
carried out with a flexible rectosigmoidoscope, are considered sufficient for the diagnosis of MC; if descending
colon biopsies are not diagnostic and clinical suspicion is
strong, a colonoscopy with random biopsies can be performed.
Studies of immunohistochemistry have shown that
the collagen band consists basically of type Ⅲ collagen the subtype produced with repair functions - pointing to
a reactive origin (the normal basement membrane mainly
consists of fibronectin, laminin and type Ⅳ collagen)[80].
The histological features of MC are not specific: CClike findings have been reported in colon cancer, carcinoid lesions, hyperplastic polyps, C. difficile infection,
Crohn’s colitis, constipation and healthy people[48,76,80-87],
while features resembling LC have been described in human immunodeficiency virus, Crohn’s disease, healthy
people[67,81,88,89].

nation, which is necessary both to rule out other possible
causes of chronic diarrhea and to distinguish between
LC and CC.
The diagnosis of LC is based on the following features. First, an increase of the density of intra-epithelial
lymphocytes (IEL) in the surface epithelium. Physiologically, IEL of the colonic mucosa are less than 5 per 100
epithelial cells, while in LC they are at least 25 per 100
surface epithelial cells [3,15,67], typically CD8 +, carrying
the αβ T-cell receptor[68-70] and expressing the human
mucosal lymphocyte antigen, specific for intestinal lymphocytes[68,71,72]; lymphocytosis in the crypt epithelium is
also seen, but is less constant[3].
Rarely, an infiltrate of eosinophils in the epithelium
can also be found, and in a few reports neutrophils have
been described, considered as a sign of acute stage of
colitis[73].
Second, an inflammatory infiltrate in the lamina
propria, with prevalence of mononuclear cells such as
lymphocytes and plasma cells, but with the sporadic
presence of eosinophils, mast cells, macrophages and
neutrophils (very rare); unlike those in the surface epithelium, lymphocytes of the lamina propria are mostly
CD4+[68,69]. It has been argued that lymphocytosis in the
epithelium and in the lamina propria could be a histological response to a primum movens inflammatory process,
rather than a primitive immunological dysfunction[16].
Third, surface epithelial damage, manifested with
flattening and degeneration of the epithelial cells (with
features such as vacuolization of cytoplasm, nuclear
irregularity, karyorrhexis and pyknosis) and focal loss
and detachment of the epithelium - these features being more common in CC-[3,74,75]. There is also a minimal
distortion of the structure of the crypts, but no crypt
abscesses and granulomas[76]. Moreover, active cryptitis
has been reported by Gledhill et al[49] in 41% of subjects
with LC and in 29% with CC.
CC is characterized by a thickening of the subepithelial collagen layer that is absent in LC. The collagen band
appears extremely eosinophilic in routine hematoxylineosin staining, but is better recognizable with Masson’s
trichrome staining; tenascin immunohistochemical stain
appears to further improve sensitivity[77,78].
In the healthy colon, the subepithelial collagen band
is thinner than 3 μm[48]. The diagnostic criterion for CC
has been proposed to be a thickness of at least 10 μm by
some authors[15,32,74], at least 7 μm by others[29,49,76]. However, it is plausible that in most cases the collagen band
reaches even 100 μm[15]. According to Lazenby et al[3], the
thickness of the collagen band alone is neither sufficient
nor necessary for the diagnosis of CC: there are also
some qualitative abnormalities, such as entrapment of
red blood cells and cells of inflammation in the collagen
band, and an irregular appearance of the inferior edge
of the basement membrane, because of collagen bundles extending into the lamina propria. Some studies report a decreasing gradient of presence of intraepithelial
lymphocytes and thickness of collagen band from the
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CLINICAL MANIFESTATIONS
MC typically presents as chronic or intermittent watery
diarrhea. The colon is normal both on endoscopic investigations and on imaging, so that a conclusive diagnosis
can only be reached through biopsy and histological
examination[90]. Lately, however, endoscopic findings
have been described in patients with MC (as carefully
reviewed by Koulaouzidis et al[91]), especially CC, such as
colonic mucosal defects (mucosal tears or fractures)[92-94]
and alterations of vascular patterns, e.g. crowding of vessels, with dilated, circling or winding blood capillaries[95].
Endomicroscopy[96] and indigo carmine chromoendoscopy[97] for the endoscopic diagnosis of MC have also
been tested.
The severity of symptoms is variable: up to 22% of
patients have > 10 bowel movements per day and up to
27% having nocturnal diarrhea[32].
Diarrhea may be accompanied by symptoms such as
abdominal pain, weight loss, incontinence[88,98-103]. MC
has been associated with a significant impairment of the
overall quality of life, comparable to if not worse than
that of other severe gastroenterological conditions such
as anal fissures, severe chronic constipation, faecal incontinence[104].
MC may be associated with an increased risk of lymphoma[105,106], and, in women, lung cancer, even though
the overall risk of malignancy and mortality is not different from the general population[107]. Cases of MC as
paraneoplastic manifestation have been described, e.g. in
colon cancer[108].
The natural course of the disease is extremely variable. The rate of spontaneous symptomatic remission
after many years was reported as varying between 60%
and 93% in LC[88,109] and as much as from 2% to 92%
in CC[32,110-112]. More informative data come from studies that have analysed the smaller timeframe of 6/8
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wk, highlighting a general tendency to lower response
rates to placebo for CC (12%-20%)[109-111] than for LC
(48%)[112]. These findings suggest that LC might have an
intrinsically higher tendency to spontaneous remission
than CC.

but because of its intrinsically severe adverse effects
profile it should only be used in patients refractory to
budesonide, if at all.
Studies on immunosuppressive therapy for refractory MC have made their appearance since budesonide
was first proposed as a treatment, mainly because of
the similarity between MC and inflammatory bowel diseases. The first ones to be studied were azathioprine and
6-mercaptopurine[124-126], so that were recognized as a
valid choice for steroid refractory MC early on[127]. Later
on, methotrexate was also proved to be effective[128].
In patients refractory to all medical therapy, the surgical option should be considered[125]. A number of interventions, which substantially overlap with the surgical
approaches to the inflammatory bowel disease, have
shown to have a potential of leading to a complete resolution of the symptoms[13,14,129].
Boswellia serrata extract and probiotics have been
found ineffective by one radionuclide computed tomography each[130,131] so that they have since not been proposed in any therapeutic algorithm or reconsidered for
subsequent trials.
The most recent developments appear to be focused
on two lines of research. The first is the use of low-dosage budesonide as maintenance therapy; this approach
appears to be more clinically viable than expected[132,133]
and has been deemed as promising[134]. The second is the
use of a new category of immunosuppressive agents,
anti-TNF-α agents, already used with great results for
the treatment of inflammatory bowel diseases: good results in therapies with both infliximab and adalimumab
have been recently reported in experiences of limited
size[135-137], providing a valid rationale for a future larger
controlled study.
Based on the accepted body of evidence on MC in
combination with the most recent developments, we suggest a systematic treatment algorithm for MC (Figure 1).

TREATMENT
More evidence is available on the treatment of CC
than LC, but there is general agreement that there is no
reason why the approach to their treatment should differ[113]; available studies also confirm that therapies that
proved effective in one tend to be confirmed as effective for the other as well[112]. Another accepted guideline
for medical therapy, based on the finding that MC has a
high rate of spontaneous remission and remission after
therapy, is that intermittent therapy should be favoured
and that long-term therapy should only be considered
when relapses or refractory symptoms leave no other
choice[114]. Therapeutic algorithms that combine available
therapies in a meaningful way were proposed in 2003[10],
2008[113] and 2011[90].
Proved association of MC with a range of drugs
and with coeliac sprue suggests that both these etiologies are excluded before any medical therapy is initiated.
Since patient with coeliac sprue presenting as MC tend
to be negative for the typical immune markers of coeliac
sprue, a small intestine biopsy remains the most reliable
way of ruling it out[115,116]; however, the invasive nature
of the test makes it advisable to use it only for patients
with a clinical situation strongly suggesting coeliac disease or with a previously diagnosed MC that has already
proved refractory to therapy[90].
A number of medical treatments have been attempted in patients with MC. A general consensus persists as
to the use of traditional antidiarrhoic agents (loperamide,
diphenoxylate) as first-line medical therapy, especially for
patients with mild symptoms. The main options to be
used as second line therapy are represented by bismuth
subsalicylate[117-119] and mesalazine, with or without colestyramine[120]. Despite the efficacy of both is proved by
trials, bismuth subsalicylate presents the drawback that it
is not suitable for long-term therapy because of its unfavourable side effects profile. The association mesalazinecholestyramine, on the other end, is made physiologically
reasonable by previous evidence on the association between MC and bile acids malabsorption[121,122], and probably deserved to be further investigated.
There is now overwhelming evidence proving the
efficacy of short-term therapy with oral budesonide in
MC, a corticosteroid that is quickly metabolized by the
liver and has therefore limited side effects compared to
other steroids[109-112]. Still, the overall adverse effects profile and the high risk of steroid dependency impose that
this option be kept for second line or third line after the
above mentioned agents, or at the very least that it only
be considered as first line in cases with severe symptoms.
The efficacy of prednisone has also been assessed[114,123],
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CONCLUSION
Microscopic colitis is a quite common cause of chronic
watery diarrhea, whose epidemiological impact has
grown in the last years. Colon biopsies are required for
the definitive diagnosis, and for the histological characterisation of the two subtypes of the disease (CC and
LC), whose clinical features and management do not
present however differences.
Over the last years, a series of new pharmacological
agents for the treatment of MC has been proposed. The
role of steroidal therapy, especially regarding the use of
oral budesonide, has gained relevance, as well as immunosuppressive agents as azathioprine and 6-mercaptopurine. Few and very recent evidences has introduced antiTNF-α agents (infliximab and adalimumab) as the possible cutting-edge for the treatment of MC, but larger
and adequately designed studies are required to confirm
these data.
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Discontinuate drugs that can
cause or exacerbate diarrhea

Rule out coeliac disease;
if confirmed, therapy

Start short-term,
intermittent therapy

Mild symptoms

Antidiarrheals

Moderate symptoms

Severe symptoms

Bismuth subsalicylate
Refract./relapse

Mesalazine
(short term)

Cholestiramine
(short term)

Relapse

Relapse

Mesalazine
(long term)

Cholestiramine
(long term)

Refract./relapse

Budesonide
(short term)

Budesonide
(long term)

Refract./relapse
Relapse

Prednisone
Refract./relapse

Immunotherapy
-AZT
-6MP
-MTX
-Anti-TNF-α
(infliximab)
Refract./relapse
Pt accepts stomy

Pt refuses stomy

Ileostomy

Colectomy with J-pouch

Figure 1 A proposed algorithm for the systemic treatment of microscopic colitis. TNF-a: Tumor necrosis factor-a; Refract.: Refractory; AZT: Azathioprine; MP:
Mercaptopurine; MTX: Methotrexate; Pt: Patient.
3
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Barrett’s esophagus (BE) is a condition resulting from
chronic gastro-esophageal reflux disease (GERD). The
clinical importance of the definition of BE is that it
should identify a lesion documented to be at risk of
esophageal adenocarcinoma.
Presently, the diagnosis of BE is based on a combination of endoscopic and histologic criteria[1,2]. The diagnosis of BE is established when intestinal metaplasia (IM)
is found in biopsy specimens obtained from salmoncolored mucosa in the distal esophagus proximal to the
gastro-esophageal junction (Figure 1).

Barrett’s esophagus is a condition resulting from chronic gastro-esophageal reflux disease with a documented
risk of esophageal adenocarcinoma. Current strategies for improved survival in patients with Barrett's
adenocarcinoma focus on detection of dysplasia. This
can be obtained by screening programs in high-risk
cohorts of patients and/or endoscopic biopsy surveillance of patients with known Barrett’s esophagus (BE).
Several therapies have been developed in attempts to
reverse BE and reduce cancer risk. Aggressive medical
management of acid reflux, lifestyle modifications, antireflux surgery, and endoscopic treatments have been
recommended for many patients with BE. Whether
these interventions are cost-effective or reduce mortality from esophageal cancer remains controversial.
Current treatment requires combinations of endoscopic
mucosal resection techniques to eliminate visible lesions followed by ablation of residual metaplastic tissue. Esophagectomy is currently indicated in multifocal
high-grade neoplasia or mucosal Barrett’s carcinoma
which cannot be managed by endoscopic approach.

DIAGNOSIS
The diagnosis of BE requires systematic biopsy of the
abnormal-appearing esophageal mucosa to document
IM and to detect dysplasia[1]. The “Seattle” protocol with
random four-quadrant biopsies taken at 1-2-cm intervals
along the endoscopically visible BE is the current recommended procedure in guidelines for the detection of
dysplasia in patients with established BE[3-6].
BE is currently graded with use of the Prague circumference and maximum criteria, which is a standardized, validated system based on the circumferential and

© 2012 Baishideng. All rights reserved.
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changes remain unclear. Clinical and demographic factors, such as, age, male gender, longer duration and increased frequency of GERD symptoms, length of BE
segment are associated with modestly increased odds of
progression to EAC in some studies[24-29]. Biomarkers[30-33]
such as aneuploidy and p53 loss have been recently associated with increased risk of progression to high-grade
dysplasia (HGD) and/or EAC[34-37].
At present, the strongest known predictor of cancer
risk in the setting of BE is the degree of dysplasia. Subjects with no dysplasia have extremely low cancer rates
for the five years following the index endoscopy. Conversely, subjects with HGD have rates reported as high
as 10% per year[38-40].
It is of paramount importance that the correct diagnosis is established. In many instances, especially in
the presence of severe inflammation, there is an interobserver disagreement on the diagnosis and grading of
dysplasia. All biopsies with suspected dysplasia should
be reviewed by a second “expert” pathologist[41-43].
Several therapies have been developed in attempts to
reverse BE and reduce cancer risk. Aggressive medical
management of acid reflux, lifestyle modifications, antireflux surgery[44-49], and endoscopic treatments[50-52] have
been recommended for many patients with BE. Whether
these interventions are cost-effective or reduce mortality
from esophageal cancer remains controversial.

A

B

Figure 1 Endoscopic and histologic images of Barrett’s esophagus. A:
Endoscopic view of salmon-colored mucosa above the gastro-esophageal
junction; B: Intestinal metaplasia with goblet cells (arrows) was found in biopsy
specimens at histology.

MANAGEMENT STRATEGIES

maximal extent of the columnar-lined esophagus[7-9].

Screening and surveillance for BE
Current strategies for improved survival in patients with
Barrett’s adenocarcinoma focus on detection of dysplasia. This can be obtained by screening programs in
high-risk cohorts of patients and/or endoscopic biopsy
surveillance of patients with known BE.
There is inadequate evidence of benefit to recommend endoscopic screening for BE in the general population of patients with GERD who do not have risk
factors[53-58]. Well-established risk factors for BE include
age older than 50 years, male sex, white race, chronic
GERD[1-5], hiatal hernia[59], elevated body mass index,
and intra-abdominal distribution of body fat[60,61] . The
risk factors can be used to determine the threshold for
endoscopy in patients with GERD to screen for the
presence of BE[2].
Endoscopic surveillance for patients with BE is recommended to identify curable neoplasia. Survey data
indicate that although surveillance is widely practiced,
there is marked variability in the technique and interval
of surveillance because practice guidelines are not widely
followed (Table 1)[62].

THE PROBLEM: WHY, WHO, WHEN AND
HOW TO TREAT FOR BE
BE develops in in approximately 5% to 15% of patients
with gastro-esophageal reflux undergoing endoscopic
evaluation and in 1% to 2% of unselected population
undergoing endoscopy [10-14]. Evidence from one case
series suggests that at least 60% of patients with BE develop the disease as a result of chronic reflux; other condition of mucosal inflammation of the lower esophagus,
such as mucosal damage by chemotherapy, non-steroidal
anti-inflammatory drugs, and viral infections are associated with the development of BE in about 1% of cases
respectively[15-19].
BE is associated with an increased risk of adenocarcinoma of the esophagus. Patients with BE are about 40
times more likely to have esophageal adenocarcinoma
(EAC) than those without IM. The risk for an individual
patient with BE has been estimated to range from 1 in
50 to 1 in 200 patient-years, or roughly 0.5% per year.
Recent large cohort studies suggest the rate of progression is 0.1%-0.3% per year[20-23].
Barrett’s adenocarcinoma is considered a multistep
process evolving from normal squamous mucosa to
metaplasia to dysplasia to carcinoma. Why such a progression occurs, who is at risk, and what promotes these
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Endoscopic imaging for the detection of dysplasia
and early cancer: Endoscopy with multiple systematic
biopsies (the “Seattle” protocol) is needed for the detection of dysplasia or adenocarcinoma for the surveillance
of BE. This approach, requiring a large number of
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Table 1 Guidelines for evaluation and management of Barrett’s esophagus
ACG

ASGE

AGA

BSG

NoTwo esophageal examination with
Two consecutive esophageal
dysplasia biopsy within 1 yr and follow up with examination with biopsy within 1
endoscopy every 3 yr
yr and follow up with endoscopy
every 3 yr
Indefinite Repeat biopsy after 8 wk of acid
suppression, if evidence of acute
inflammation due to gastroesophageal acid reflux
LGD

HGD

Treat based on highest grade of
dysplasia seen on two esophageal
examinations within 6 mo, with
pathologist’s confirmation, and follow
up with endoscopy every year until
dysplasia is absent on two subsequent
examinations
Document any mucosal irregularities,
repeat esophageal examination with
biopsy within 3 mo, with pathologist’s
confirmation, to eliminate the
possibility of cancer; follow up with
endoscopic mucosal resection in the
case of any mucosal irregularity; then
intensive endoscopic surveillance
every 3 mo or an intervention, such as
esophagectomy or ablation, in the case
of flat mucosa

Assess within 1 yr and if no
Surveillance every 2 yr, if
dysplasia, defer for 5 yr or until appropriate
cancer therapy is not possible of
life expectancy is limited
Assess with extensive biopsies
after course of proton pump
inhibitors and return to routine
surveillance, if no definite
dysplasia at 6 mo
Follow up after 6 mo with
Assess in 1 yr and re-examine
Extensive biopsy after intensive
concentrated biopsies in area of
every year if dysplasia is
acid suppression for 8-12 wk;
dysplasia; follow up every 12 mo if confirmed by two pathologists surveillance every 6 mo if
dysplasia persists
(if there is disagreement about dysplasia persist; surveillance
the presence of dysplasia then intervals of 2-3 yr if regression
re-examine in 2 yr)
occurs on two sequential
examinations
Diagnosis should be confirmed by Diagnosis should be confirmed Esophagectomy recommended
a pathologist; surgical candidates by two pathologists; patients
if changes persist after
can choose to have a surgery or
should be treated with surgical intensive acid suppression, if
endoscopic therapy; follow up
resection or endoscopic therapy; confirmed by two pathologists,
patients who choose surveillance surveillance can be offered
and if patient considered fit for
every 3 mo for 1 yr with several
provided follow up with
surgery; if unfit for surgery, use
large biopsies every 1 cm along
endoscopy is every 3 mo with
endoscopic ablation or mucosal
esophagus; after 1 yr without
a minimum of eight biopsies
resection
cancer detection, surveillance
every 2 cm along esophagus
duration can be lengthened,
provided dysplastic changes
are absent on two subsequent
examinations

ACG: American College of Gastroenterology; ASGE: American Society for Gastrointestinal Endoscopy; AGA: American Gastroenterological Association;
BSG: British Society of Gastroenterology; LGD: Low-grade dysplasia; HGD: High-grade dysplasia.

biopsies, is time consuming and has several limitations,
including sampling error and inconsistent histological
interpretation[2-6].
Several endoscopic imaging techniques to improve
the accuracy of endoscopic diagnosis, have been developed and tested recently, with variable results[63-67].
Enhanced optical imaging techniques may improve the
efficiency and accuracy of endoscopic surveillance[68-72].
Enhanced techniques can generally be categorized as
broad-field (red-flag) techniques, such as high-definition/
high-resolution white-light endoscopy (HD-WLE) and
narrow-band imaging (NBI)[73-75], and focal techniques,
such as confocal laser endomicroscopy (CLE)[76-80]. The
broad-field techniques are good for providing an overview of the entire BE segment, and point out an area of
interest, whereas focal techniques can provide greater
detail of the area of interest (Figures 2 and 3)[81-85].
Recent reports demonstrated that, in BE patients
undergoing surveillance endoscopy, CLE imaging with
targeted biopsies significantly improved the yield of biopsies for dysplasia compared with standard endoscopy
with random biopsies when CLE imaging is conducted
on suspect areas evidenced with both HD-WLE and
NBI. Similarly, CLE was useful as a tool to identify nondysplastic BE, and hence potentially to reduce the number of biopsies needed[86-89].
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DRUG THERAPY
Acid suppressive therapy, specifically proton pump inhibitors (PPIs), has been shown to improve symptoms
and to heal and prevent relapse of erosive esophagitis in
patients with BE[4,90,91]. Evidence to support use of PPIs,
in patients with BE solely to reduce risk of progression
to dysplasia or cancer is indirect and has not been proven in a long-term controlled trial[92-96]. Epidemiologic
data suggest a lower risk of progression in PPI users.
There is also some evidence to suggest that long-term
therapy may induce regression of IM and promote the
development of squamous islands[97-99].
There is epidemiologic and experimental evidence to
suggest that chemoprevention using non-steroidal antiinflammatory drugs, aspirin[100-104], and selective cyclooxygenase-2 inhibitors[105-107] may reduce the risk of cancer
in BE patients. However, human trials to date has not
proved that these treatments are associated with a lower
risk for neoplastic progression[108].
The A
��������
phase Ⅲ, randomised study of aspirin and
esoprazole chemoprevention in Barrett’s metaplasia trial
������
currently underway is seeking to determine the effects
of high- and low-dose proton pump inhibitor therapy
with and without low-dose aspirin as BE chemoprevention[109,110].
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Figure 2 White-light and enhanced endoscopic images of non-dysplastic
Barrett’s esophagus. A: White-light of Barrett’s esophagus; B: Narrow-band
imaging endoscopic of Barrett’s esophagus; C: Probe-based confocal laser
endomicroscopy (pCLE) images of Barrett’s esophagus. p-CLE image shows
uniform villiform architecture, columnar cells (solid arrow) and dark goblet cells
(dash arrow) predictive of non-dysplastic Barrett’s esophagus.

Figure 3 Enhanced narrow-band imaging and probe-based confocal laser
endomicroscopy images of dysplastic Barrett’s esophagus. A: Narrowband imaging images shows distorted pits with irregular microvasculature (white
circle); B: The corresponding probe-based confocal laser endomicroscopy image shows disorganized, distorted villiform structure and crypts, dark columnar
cells (dash arrow) and dilated irregular vessels (solid arrow); C: High-grade
dysplasia was found at histology in biopsy specimens performed at this level.

ENDOSCOPIC THERAPY

therapy (PDT)[120], radiofrequency ablation (RFA)[121,122],
and cryotherapy[123-127].
Current treatment requires combinations of mucosal
resection techniques to eliminate visible lesions followed
by ablation of residual metaplastic tissue. Endoscopic
resection of focal lesions is currently the only method
to accurately and reliably determine the depth of invasion of a superficial lesion since it is the only endoscopic
technique that provides histology.
Several studies have reported on a variety of ablation
methods and have demonstrated difficulty in achieving
complete eradication of BE. Thermal ablative modalities, such as APC, and laser therapy suffer from several
pitfalls including a not homogeneous ablation of the

Endoscopic treatment is focused on destruction of the
existing metaplastic-dysplastic tissue using different modalities that eliminate the mucosa. The theory behind endoscopic treatment is that the injury of the metaplasticdysplastic BE combined with vigorous acid suppression
or with antireflux surgery would lead to reversion of the
BE to squamous epithelium and reduce the risk of progression to cancer[111-115].
Endoscopic treatment modalities include endoscopic
resection techniques such as endoscopic mucosal resection and endoscopic submucosal dissection[114] and
endoscopic ablation therapy[116,117], such as argon plasma
coagulation (APC)[118,119], laser ablation, photodynamic
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mucosa and inconsistent depth of tissue penetration
causing that some glands can persist under the neosquamous epithelium[128,129].
At present, after the areas of mucosal abnormality
are removed, ablation of the residual Barrett’s mucosa
is most commonly performed with PDT or RFA. Photodynamic therapy has been proved to be effective for
dysplasia, with
�����������������������
a success rate of >
�� 90%�
����. However, following this treatment, there is a high rate of complication and side effects, mainly characterized by strictures
and photosensitivity[2,120,130-132]. Radiofrequency ablation is
associated with fewer complications since it has a limited
depth of injury, although stricture formation is approximately 6% in some prospective series[133-137]. After RFA,
complete eradication of dysplasia was reported in >
90% of patients with LGD and > 80% of patients with
HGD, 1 year after the initial treatment. After 3 years,
complete eradication of dysplasia and complete eradication of IM was reported in 98% and 91% of patients,
respectively. At 5 years follow up, complete eradication
of IM was demonstrated in 92% of the patients[138-142].
Buried metaplasia is reported less frequently after
RFA (< 1%) than after other different ablative endoscopic therapies, including PDT. However RFA is a relatively new procedure and, therefore, available studies on
RFA describe only brief follow-up intervals[143,144].
Because of the esophagus remains after endoscopic
therapy, surveillance endoscopy at regular intervals, is
necessary, even after complete ablation of BE has been
accomplished.

up or tubularized gastric conduit and the anastomosis
performed in the neck or the high chest. In some cases
esophageal resection could be performed minimally invasively. Limited vagal-sparing surgery like esophageal stripping or Merendino’s operation is currently indicated in
multifocal high-grade neoplasia or mucosal Barrett’s carcinoma which cannot be managed by endoscopic approach.
Strong consideration should be given for the performance
of surgery in a high-volume hospital, by a specialty-trained
surgeon with a large-volume esophageal practice[160-162].

CONCLUSION
BE is a premalignant condition, with dysplasia usually
preceding the development of adenocarcinoma. Patients
with chronic reflux, especially white males, have the highest risk. Reducing reflux either medically or surgically may
diminish the occurrence and/or progression of disease.
Management of BE may vary from essentially a surveillance strategy to highly invasive esophagectomy.
Several therapies have been developed in attempts
to reverse BE and reduce cancer risk, such as medical
management of acid reflux, antireflux surgery, and endoscopic treatments. Whether these interventions are costeffective or reduce mortality from esophageal cancer remains controversial. Endoscopic mucosal ablation techniques show promise as emerging therapeutic options.
Current treatment requires combinations of endoscopic
mucosal resection techniques to eliminate visible lesions
followed by ablation of residual metaplastic tissue.
Esophagectomy is currently indicated in multifocal
high-grade neoplasia or mucosal Barrett’s carcinoma
which cannot be managed by endoscopic approach.

SURGICAL THERAPY
As development of BE is based on gastro-esophageal
reflux, a potential concept would be to stop reflux by
anti-reflux surgery and thereby interrupt the mechanisms
of malignant degeneration. Patients who are appropriate
surgical candidates may elect anti-reflux surgery[145-148].
Fundoplication effectively controls reflux symptoms in
most patients[149,150]. Surgical control of reflux disease,
however, has not been found to be associated with a decrease in the incidence of esophageal cancer[151-154].
Before the advent of endoscopic therapies, esophagectomy was the primary treatment option for patients
with HGD.
Esophagectomy offers the most definite treatment
in patients with BE with HGD (in particular in patients
with multifocal HGD) since it eliminates all of the Barrett’s epithelium preventing the risk of progression. In
patients with HGD, a benefit of esophagectomy includes
the treatment of an occult carcinoma (surgical series
summarizing the incidence of occult adenocarcinoma,
in patients with the preoperative diagnosis of HGD in
resected series show an incidence ranging from 0% to
73%)[155-159].
The standard surgical resection in most patients includes a total esophagectomy with a transhiatal or transthoracic approach, and reconstruction with gastric pull-
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Insights into erlotinib action in pancreatic cancer cells
using a combined experimental and mathematical approach
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quantified by Western blot analysis. The data were
processed to calibrate a mathematical model, based on
ordinary differential equations, describing the EGFRmediated signal transduction.
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RESULTS: Erlotinib significantly inhibited BrdU incorporation in BxPC-3 cells at a concentration of 1 μmol/L,
whereas Capan-1 cells were much more resistant.
In both cell lines, MEK inhibitor U0126 and erlotinib
attenuated DNA synthesis in a cumulative manner,
whereas the AKT pathway-specific inhibitor did not
enhance the effects of erlotinib. While basal phosphorylation of EGFR and extracellular signal-regulated
kinase (ERK) did not differ much between the two cell
lines, BxPC-3 cells displayed a more than five-times
higher basal phospho-AKT level than Capan-1 cells.
Epidermal growth factor (EGF) at 10 ng/mL induced
the phosphorylation of EGFR, AKT and ERK in both cell
lines with similar kinetics. In BxPC-3 cells, higher levels
of phospho-AKT and phospho-ERK (normalized to the
total protein levels) were observed. Independent of
the cell line, erlotinib efficiently inhibited phosphorylation of EGFR, AKT and ERK. The mathematical model
successfully simulated the experimental findings and
provided predictions regarding phosphoprotein levels
that could be verified experimentally.
CONCLUSION: Our data suggest basal AKT phosphorylation and the degree of EGF-induced activation
of AKT and ERK as molecular determinants of erlotinib
efficiency in PC cells.

Abstract
AIM: To gain insights into the molecular action of erlotinib in pancreatic cancer (PC) cells.

© 2012 Baishideng. All rights reserved.

METHODS: Two PC cell lines, BxPC-3 and Capan-1,
were treated with various concentrations of erlotinib,
the specific mitogen-activated protein kinase kinase
(MEK) inhibitor U0126, and protein kinase B (AKT) inhibitor XIV. DNA synthesis was measured by 5-bromo2'-deoxyuridine (BrdU) assays. Expression and phosphorylation of the epidermal growth factor receptor
(EGFR) and downstream signaling molecules were
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Computational approaches for analyzing biochemical reactions are increasingly recognized as useful tools
for the study of signaling networks and gaining deeper
insights into dynamic processes [16,17]. We, along with
others, have previously shown that a combination of
experimental and mathematical approaches can also be
successfully applied to the analysis of pathophysiological
mechanisms in PC and pancreatic fibrosis[18-20].
In this study, we have addressed the question of how
erlotinib modulates signal transduction via the EGFR,
in order to determine molecular predictors of erlotinib
sensitivity and resistance. To this end, two commonlyused and well-characterized human PC cell lines that differ in their biological sensitivity to erlotinib were chosen
for a comparison of the molecular effects of the small
molecule inhibitor. Experimental findings were used to
establish a mathematical model that simulated major
signaling pathways downstream of the EGFR. Together,
our data suggest basal AKT phosphorylation and the
degree of EGF-induced activation of downstream signaling pathways as molecular determinants of erlotinib
efficiency.

Aoyama Hospital, Tokyo Women’s Medical University, 2-7-13
Kita-Aoyama, Minatoku, Tokyo 107-0061, Japan; Pradyumna
Mishra, Professor, Department of Translational Research, Tata
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http://www.wjgnet.com/1007-9327/full/v18/i43/6226.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i43.6226

INTRODUCTION
Pancreatic cancer (PC) is the fourth leading cause of
cancer death in the western hemisphere, with an overall
five-year survival rate less than 6%[1]. The most common
kind of PC is pancreatic ductal adenocarcinoma, which
accounts for more than 90% of all cases.� Major
��������������
reasons
for this poor outcome are a late diagnosis and the lack
of appropriate therapy approaches. Aside from genetic
alterations in oncogenes like KRAS, or tumor suppressor genes such as TP53, p16/CDNK2A, and SMAD4/
DPC4[2], an increased expression of protein kinase B 2
(AKT2) and epidermal growth factor receptor (EGFR)
can be found in a broad range of patient samples[3-8].
Overexpression of EGFR was accompanied by a worse
overall survival[9]. Most carcinomas are diagnosed in an
advanced non-resectable state, with palliative care remaining as the only treatment option.
Erlotinib, a small molecule inhibitor of the EGFR,
is approved for the treatment of advanced PC. Combination treatment with gemcitabine has a moderate, but
significant, survival benefit over standard treatment with
gemcitabine alone[10]. Rash is a prominent side effect of
EGFR-targeted therapies with monoclonal antibodies
and small molecule inhibitors. In various studies, a correlation of the efficacy of a targeted therapy with erlotinib
and rash was observed[10,11].
In non-small-cell lung cancer (NSCLC), activating
EGFR mutations were identified as an indicator of a
good response to small molecule inhibitors targeting
this receptor[12]. However, EGFR activating mutations
are uncommon in PC[13-15].� Unlike
���������������������������
in NSCLC, no predictive marker (besides rash) for a response to erlotinib has
been established to date in PC. It is believed that the
identification of such markers holds promise for the
classification of patient subgroups that would benefit
most from targeted therapy in PC.
Erlotinib binds to the adenosine-5’-triphosphate
(ATP) binding site of the EGFR and prevents ligandinduced receptor activation. Hence, no transphosphorylation of receptor complexes takes place, and executive
downstream signaling pathways, like Ras-Raf-mitogenactivated protein kinase kinase (MEK)-extracellular
signal-regulated kinase (ERK) and phosphatidylinositol
3-kinase (PI3K)-AKT, are not activated. To this day,
erlotinib-attenuated signal transduction in PC is poorly
understood.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Materials
Iscove’s modiﬁed Dulbecco’s medium (IMDM) was from
Biochrom (Berlin, Germany), and ��������������������
RPMI 1640 and fetal
calf serum (FCS) was from PAA Laboratories (Pasching, Austria). Erlotinib was supplied by Biaffin (Kassel,
Germany), and AKT inhibitor XIV and U0126 by Merck
(Darmstadt, Germany). Recombinant human ��������
EGF and
bovine serum albumin (BSA) were delivered by SigmaAldrich (St Louis, MO, United States).
Phospho-EGFR (pEGFR) (Tyr1068) rabbit mAb,
phospho-AKT (pAKT) (Ser473) rabbit mAb, phospho-p44/42 mitogen-activated protein kinase (phosphoextracellular signal-regulated kinase 1/2, pERK1/2)
(Thr202/Tyr204) rabbit pAb,���������������������
AKT
��������������������
rabbit mAB, and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
rabbit mAb, were purchased from ��������������������
New England Biolabs
(Frankfurt, Germany). EGFR rabbit mAb was from Epitomics (Burlingame, CA, United States) and MAP Kinase
1/2 (ERK1/2) rabbit pAb from Millipore (Billerica, MA,
United States).� ����������������������������������������
Fluorescently���������������������������
-labeled�������������������
secondary antibodies for immunoblot analysis were delivered by LI-COR
(Lincoln, NE, United States).� ������������������������
Polyvinylidene fluoride
(PVDF) membrane was obtained from Millipore. Standard laboratory chemicals were from Sigma-Aldrich.
Cell c������
�������
ulture
The human PC cell lines BxPC-3 and Capan-1 were obtained from the American Type Culture Collection. BxPC-3
was cultured in RPMI 1640 medium supplemented with
10% FCS, ��
105� U/�������������������������������������
L������������������������������������
penicillin, and 100 mg/L streptomycin���������������������������������������������
. Capan-1 was cultured in IMDM medium supplemented with 17% FCS,�����������������������������
10 mL/����������������������
����������������������������
L���������������������
non-essential amino
acids (dilution of a 100 ��
×��������������������
stock
�������������������
solution), 105 U/�������
L������
penicillin, and 100 mg/�������������������������������������
L������������������������������������
streptomycin.� ���������������������
The cells were grown
at 37 ℃ in a 5% CO2 humidified atmosphere.
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Figure 1 Flow chart of epidermal growth factor signal transduction and the ordinary differential equation network. A: Simplified reaction network. Solid black
arrows show epidermal growth factor-dependent processes, whereas grey arrows represent basal phosphorylation. Two epidermal growth factor receptor (EGFR)dependent negative feedback loops are shown by black dotted lines; B: Translation of the reaction network into an ordinary differential equation (ODE) model describing EGFR-mediated signal transduction; C: Ratio of basal levels of phosphorylated protein kinase B (AKT) (r_pA) and extracellular signal-regulated kinase (ERK) (r_pE)
in BxPC-3 (superscript B) and Capan-1 (superscript C) cells. These calculations are implemented in the mathematical model; D: Equations describe relations between
observables (fitted to experimental data) and model variables. For further description see “mathematical model” in the “materials and methods” section. EGF: Epidermal growth factor; pAKT: Phospho-AKT; ERK: Extracellular signal-regulated kinase; pERK: Phospho-ERK; WB: Western blot.

Cell proliferation assay
To analyze the inhibitory effects of erlotinib, AKT inhibitor XIV, U0126,����������������������������������
and combinations thereof on cell
���������������������������������
proliferation, DNA synthesis was measured using a
5-bromo-2’-deoxy-uridine (BrdU) incorporation assay
(Roche Applied Science, Mannheim, Germany). Therefore, the cells were seeded in 96���������������������������
half-area
��������������������������
plates. The following day, the cells were serum-starved and the inhibitors alone or in combination were applied as indicated.�
After 24 h,��������������������������������������������
BrdU
�������������������������������������������
labeling solution was added for an additional 8��������������������������������������������
�������������������������������������������
h������������������������������������������
�����������������������������������������
and DNA synthesis was measured following
the instructions of the manufacturer.

Afterwards, the blots were blocked with 1% BSA dissolved in tris-buffered saline [TBS; 20 mmol/L Tris-HCl
(pH 7.6), 140 mmol/L NaCl] for 1 h, followed by incubation with primary antibody in TBST (TBS + 0.1% Tween�
20) overnight at 4 ℃. After washing with TBST, the
blots were incubated in secondary antibody solution for
30 min.������������������������������������������
�����������������������������������������
Immunofluorescence was detected using an
Odyssey Infrared Imaging system.� ������������������
Signals for pERK,
pAKT, pEGFR, the corresponding total proteins, and
GAPDH were quantified using Odyssey® Application
Software 3.16.
Phosphoprotein and total protein fluorescence intensities were adjusted to GAPDH and the potential effects
of gel inhomogeneities were minimized by normalizing
the individually-adjusted signal intensities to the mean of
all samples of the gel.� ��������������������������������
At least six independent experiments were performed to calculate mean and SE.
Potential inhibitory effects of erlotinib on the basal
phosphorylation of the proteins (prior to the application
of EGF) were considered as follows:� ����������������
the time curves
of EGF stimulation were adjusted with experimentallymeasured basal pERK/ERK and pAKT/AKT ratios for
different erlotinib concentrations in both cell lines. Results for Capan-1 cells were related to the corresponding
data for BxPC-3 cells (Figure�������������������������
1).�
������������������������
However,
��������������������
no meaning-

Immunoblotting analysis
Serum-starved BxPC-3 and Capan-1 cells were preincubated with different doses of erlotinib, AKT inhibitor
XIV, or U0126, for 4 h before they were stimulated with
10 ng/mL human recombinant EGF. The cells were harvested by medium aspiration and boiled in lysis buffer [���
2%
sodium dodecyl sulphate (SDS), 10% glycerol, 5 mmol/L
ethylenediaminetetraacetic acid (���������������������
pH 8.0), 62.5 mmol/L
Tris-HCl (pH 6.8), 0.01% 3,3’,5,5’-tetrabromophenolsulfonphthalein, 5%� β-mercaptoethanol����������������
]. The cellular
proteins were separated by SDS-polyacrylamide gel electrophoresis (PAGE) and blotted onto PVDF membrane.
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parameters, and between the initial conditions and the
model parameters (Figure 1C).
The relationship between the observables which are
fitted to the experimental time series and the variables
of the mathematical model include scaling parameters,
since the levels of the phosphorylated proteins could
not be quantified in an absolute manner (Figure 1D).
To optimize the parameter values, the mathematical model was trained against quantitative immunoblot
data. The optimization was done with a hybrid algorithm
combining a global and a local search implemented in
pwFitBoost of the MATLAB Toolbox PottersWheel[24].
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Statistical analysis
All experimental results represent mean ± SE for the
indicated number of experiments. The Wilcoxon ranksum test was used to test differences for statistical significance. P < 0.05 was considered statistically significant.

Figure 2 Effects of erlotinib on the proliferation of pancreatic cancer
cell lines. BxPC-3 and Capan-1 cells growing in 96 half-area well plates were
starved from serum and treated with different doses of erlotinib for a total
of 32 h. DNA synthesis was measured by 5-bromo-2'-deoxyuridine (BrdU)
incorporation over the last 8 h. Data represent mean ± SE (n = 6). aP < 0.05
between control cultures without erlotinib.

RESULTS
Erlotinib and pathway-specific inhibitors reduce DNA
synthesis of PC cells
In initial experiments, two PC cell lines with different
KRAS status, BxPC-3 (wild-type) and Capan-1 (harboring mutant KRAS), were tested for their sensitivity to
erlotinib. Therefore, the effects of clinically achievable
concentrations of erlotinib[25,26] on DNA synthesis were
measured using a BrdU assay (Figure����������������������
���������������������
2). Erlotinib significantly inhibited the incorporation of BrdU into newly
synthesized DNA in BxPC-3 cells in a dose-dependent
manner. Capan-1 cells were much more resistant to erlotinib treatment, and only the highest concentration
of 10 µmol/L significantly reduced the DNA synthesis
of the cells. Neither of the two cell lines carried genetic
alterations in exons 19 and 21 of EGFR, the sites of
hotspot mutations sensitizing the receptor to erlotinib in
NSCLC[27] (data not shown).
Next, the question was addressed if one of the two
major pathways downstream of the EGFR, Ras-RafMEK-ERK and PI3K-AKT,�����������������������������
����������������������������
is more sensitive against a
perturbation at the EGFR level than the other. Therefore,
two pathway-specific inhibitors were used. As shown
in Figure 3,���������������
AKT
��������������
inhibitor XIV at a concentration of
10 µmol/L diminished DNA synthesis in both cell lines.
When AKT inhibitor XIV and erlotinib treatment were
combined, no additional growth reduction over erlotinib
alone was observed.
At a concentration of 10 µmol/L, the MEK inhibitor U0126 inhibited the DNA synthesis of both cell
types. Unlike in the case of AKT inhibitor XIV, an additional treatment with erlotinib further increased the
inhibition of DNA synthesis of the cells. Comparing
both cell lines, BxPC-3 cells were much more sensitive
to U0126 than Capan-1.

ful scaling of pEGFR for different erlotinib concentrations without EGF stimulation could be performed, as
basal phosphorylation of the EGFR was too weak.
Mathematical �����
m����
odel
To examine the signal transduction dynamics downstream of the EGFR, we combined experimental data
and mathematical modeling in a systems biological
approach.� ���������������������������������������
A simplified network of EGFR signaling
(Figure������������������������������������������������
1A) was chosen to describe the different steps
�����������������������������������������������
in Figure 1A���������������������������������������������
��������������������������������������������
with the help of ordinary differential equations (ODE), whose terms are interpreted using mass
action kinetics (Figure 1B).� In
����������������������
the ODE model, EGF
binds to the EGFR and triggers the phosphorylation of
the receptor. Experimentally, only a low level of phosphorylated receptor was found in the absence of EGF.
Therefore, no EGF-independent receptor phosphorylation was assumed. The receptor activation can be attenuated directly by erlotinib in a dose-dependent manner
and by dephosphorylation. In turn, the phosphorylated
receptor triggers the activation of downstream signaling pathways, where AKT and ERK were chosen as
representative components. For simplicity, only two individual EGFR-induced feedback loops enhancing the
dephosphorylation of AKT and ERK were assumed,
although both kinases are targets of multiple inhibitory
pathways[21,22].
It was shown that PC cells may secrete EGF in an
autocrine loop[23]. Taking this into account, and to simulate an oncogenic KRAS-driven activation of the RasRaf-MEK-ERK pathway in Capan-1 cells, a phosphorylation of AKT and ERK independent of exocrine EGF
was considered in the model.
We also included the experimentally measured ratios
of basal phosphorylated AKT and ERK in Capan-1
versus BxPC-3 cells for all erlotinib concentrations. This
information led to algebraic relations between the model
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Figure 3 Effects of U0126, protein kinase B inhibitor XIV and erlotinib on
proliferation of BxPC-3 and Capan-1 cells. The cells were seeded in 96 halfarea well plates, starved from serum and treated with protein kinase B (AKT) inhibitor XIV or mitogen-activated protein kinase kinase inhibitor U0126 in the presence or absence of erlotinib for a total of 32 h. DNA synthesis was measured by
5-bromo-2'-deoxyuridine (BrdU) incorporation over the last 8 h. Data represent
mean ± SE (n = 6), aP < 0.05 vs cultures with erlotinib only. P < 0.05 between all
samples vs untreated cells (not indicated in the figure).
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Figure 4 Effects of erlotinib on epidermal growth factor receptor signal
transduction in BxPC-3 and Capan-1 cells. Serum-starved pancreatic cancer
cells were preincubated with erlotinib at 1 μmol/L for 4 h, as indicated, before
they were stimulated with 10 ng/mL epidermal growth factor (EGF) for the
indicated times. Protein extracts from equal amounts of cells were subjected
to Western blot analysis. Phospho-epidermal growth factor receptor (pEGFR),
phospho-protein kinase B (pAKT), phospho-extracellular signal-regulated kinase
1/2 (pERK1/2), their respective total proteins and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) were detected using ﬂuorescein (IRDye®)-labeled
secondary antibodies. One representative Western blot is shown. For mean
values of independent experiments, please refer to Figure 5. AKT: Protein kinase
B; ERK: Extracellular signal-regulated kinase; EGFR: Epidermal growth factor
receptor.

and Capan-1 cells to erlotinib and the two pathwayspecific inhibitors raised the question of the underlying
molecular mechanism. In our approach, we focused on
the EGFR and the major downstream signaling cascades,
where AKT and ERK were chosen as representative
components.
The basal (EGF-independent) phosphorylation
level of the EGFR and ERK did not differ much between both cell lines; while pEGFR was barely detectable, pERK1/2 was present at a low level. In contrast,
BxPC-3 cells displayed a more than five-times higher
basal pAKT/AKT ratio than Capan-1 cells (Figures 4�
and ���
5).
To activate the EGFR and its related pathways, cells
were stimulated with 10 ng/mL human EGF. As shown
in Figure 4, in response to EGF, a phosphorylation
of EGFR, AKT and ERK was observed in both cell
lines. The pEGFR level increased over the first 60 min
of stimulation (Figure 4) and only slightly attenuated
afterwards (data not shown). AKT had its maximum
phosphorylation at 5 min and ERK at 10-15 min, respectively. Subsequently, pAKT decreased to the initial
phosphoprotein level, while ERK phosphorylation remained above the basal level until the end of treatment�
(Figures 4��������������������������������������������
and 5).�
���������������������������������������
�����������������������������������
As shown in Figure 5,��������������
BxPC-3 cells
�������������
displayed, at all time points, ��������������������������
higher levels of pAKT and
pERK than Capan-1 cells.
The phosphorylation of all three signaling components was efficiently inhibited by preincubation of the
cells with 1 µmol/L erlotinib (Figures 4��������
and ���
5).

tein data obtained by using additional erlotinib concentrations and time points of EGF stimulation. Figure 5
shows for pAKT and pERK the comparison of the experimental data and model simulations, using optimized
parameter values for all erlotinib concentrations and
both cell lines. Parameter values and initial conditions of
fixed parameters are summarized in Table 1.
As shown by experimental data and model simulation (Figure 5), erlotinib attenuated the activation of
AKT and ERK in a dose-dependent manner in both cell
types. Phosphoprotein levels in the two cell lines were
diminished to a similar degree, except for ERK phosphorylation being more sensitive to erlotinib treatment
in BxPC-3 than in Capan-1 cells.
To perform a validation of our mathematical model,
we experimentally verified the peaks of the phosphoprotein levels of AKT and ERK for different doses of erlotinib that were previously predicted by computational
simulation. Therefore, pAKT and pERK levels were
quantified for the indicated times and compared with the
model calculations (Figure 6). As shown, the model was
able to provide suitable predictions of phosphoprotein
peaks of both signaling components in BxPC-3 and Capan-1 cells.

DISCUSSION

The mathematical model describes the experimental data
and predicts phosphoprotein levels of AKT and ERK
To further characterize the signal transduction dynamics
downstream of the EGFR, a mathematical model was
established. Towards this goal, the experimental data set
presented in Figure 4 was extended with phosphopro-

WJG|www.wjgnet.com

-

In this study, a combined experimental and mathematical approach was chosen to gain deeper insights into
the mechanisms of EGFR signaling and erlotinib action
in PC cells. In agreement with previous studies, we observed a high biological erlotinib sensitivity of BxPC-3
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Figure 5 Simulations of the mathematical model reflect the experimental time series. Serum-starved BxPC-3 and Capan-1 cells were preincubated with different doses of erlotinib for 4 h and stimulated with 10 ng/mL epidermal growth factor (EGF) for the indicated times. Cellular lysates were analyzed by quantitative immunoblotting, and phospho-protein kinase B (pAKT), protein kinase B (AKT), phospho-extracellular signal-regulated kinase (pERK), extracellular signal-regulated kinase
(ERK) and glyceraldehyde-3-phosphate dehydrogenase levels were determined. Plotted are experimental results (BxPC-3 and Capan-1); mean ± SE of at least six
independent experiments and model simulation (lines) for BxPC-3 and Capan-1 cells for different times of EGF stimulation. All data were scaled to the untreated
BxPC-3 cells (absence of EGF and erlotinib), where the ratio was set as 1.
BxPC-3
10 min EGF

5 min EGF

0.15
0.10
0.05
0.00

0.0

0.5
1.0
Erlotinib (µmol/L)

0.10

pAKT level (a.u.)

pERK level (a.u.)

pAKT level (a.u.)

0.20

0.05

0.00

0.0

0.5
1.0
Erlotinib (µmol/L)

Capan-1

0.20

0.020

0.15

0.015

pERK level (a.u.)

5 min EGF

0.10
0.05
0.00

0.0

0.5
1.0
Erlotinib (µmol/L)

10 min EGF

0.010
0.005
0.000

0.0

0.5
1.0
Erlotinib (µmol/L)

Figure 6 Mathematical prediction of phospho-extracellular signal-regulated kinase and phospho-protein kinase B levels after erlotinib treatment. Serumstarved BxPC-3 and Capan-1 cells were preincubated with different doses of erlotinib for 4 h and stimulated with 10 ng/mL human epidermal growth factor for the
indicated times afterwards. Protein kinase B (AKT) and extracellular regulated protein kinases (ERK) phosphorylation were detected by immunoblot analysis. Experimental data (black dots) are expressed as arbitrary units (a.u.) of four independent experiments (mean ± SE). Model predictions are indicated by cross symbols. EGF:
Epidermal growth factor; pAKT: Phospho-AKT; pERK: Phosphomitogen-extracellular signal-regulated kinase.

cells and a lesser sensitivity for Capan-1 cells[28-31].
In the two cell lines, EGF induced the phosphorylation of EGFR, AKT, and ERK with similar kinetics,
but different amplitudes (higher ratios of pAKT/AKT
and pERK/ERK in BxPC-3 than in Capan-1 cells). Furthermore,�����������������������������������������������
����������������������������������������������
BxPC-3 cells displayed a more than five-times
higher basal pAKT level than Capan-1 cells. Factors
that may contribute to the increased AKT phosphorylation are the amplification of AKT2, and the existence
of an autocrine EGF loop in BxPC-3 but not Capan-1
cells[32,33]. Despite the presence of an oncogenic KRAS
allele in Capan-1 cells, basal pERK levels were similarly
low in both cell lines. This seemingly surprising finding is in agreement with previous studies[34], where low
levels of pERK in KRAS mutant PC cells were linked to
the activity of MKP-2, a member of the dual-specificity
phosphatase family that acts in a negative feedback
loop[35].
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In both cell lines, erlotinib efficiently inhibited phosphorylation of EGFR, ERK and AKT.
Next, we analyzed if both the PI3K-AKT and the
Ras-Raf-MEK-ERK pathway were involved in mediating
the anti-proliferative effects of erlotinib. We therefore
challenged the cells with erlotinib or additional MEK
and AKT-specific inhibitors to compare the effects on
cell proliferation. In both cell types, erlotinib enhanced
inhibition of cell proliferation by the pathway-specific
inhibitors. U0126, but not AKT inhibitor XIV, was able
to increase the growth-inhibitory effect of erlotinib.
Together, these data are compatible with the hypothesis
that both the AKT and ERK pathway are involved in the
mediation of the antiproliferative effects of erlotinib in
BxPC-3 and Capan-1 cells. The additional growth inhibitory effect of U0126 plus erlotinib versus erlotinib alone
might possibly be explained by off-target effects of the
MEK inhibitor, which have previously been described[36].�
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interfere with AKT activation in EGF-treated PC cells.
Furthermore, using a systems biology approach, Schoeberl et al[40] found that, in ovarian cancer cells, HER3 and
AKT are particularly sensitive components of the HER
receptor signaling network.
In conclusion, our data are in agreement with recent
publications suggesting inhibition of EGF-induced ERK
and AKT signaling as key components of erlotinib action in PC cells. A new finding of this study is that cells
with high and low erlotinib sensitivity differed in their
basal pAKT level. Furthermore, erlotinib displayed a
stronger growth-inhibitory effect in the cells with a more
pronounced activation of AKT and ERK in response
to EGF (BxPC-3). Although we found a correlation
between KRAS status and the growth-inhibitory effect
of erlotinib, our data did not reveal a causal relationship,
since the drug blocked ERK phosphorylation in KRAS
wild-type and mutant cells with equal efficiency.
The ODE model of EGFR signaling in PC cells, established in the course of this study, accurately reflected
the experimental findings. This observation suggested
that the model, despite its simplifications, still contained
all the components crucial to reproducing EGFR-triggered activation of AKT and ERK in silico. In support
of this conclusion, the model also provided predictions
regarding erlotinib-dependent changes of the phosphoprotein levels that could be verified experimentally.
We consider the introduction of a mathematical model
of EGFR signaling in PC cells as a first step on a path
towards the identification of promising drug targets by
means of computational modeling. Potential applications
also include the in silico-testing of novel therapeutics
targeting the EGFR pathway, and the further analysis of
mechanisms of drug sensitivity and resistance.
Taken together, the results of this study may facilitate the search for molecular markers of erlotinib efficiency in PC patients. Mathematical models, like the one
established here, are helping to gain further insights into
signaling processes in cancer cells. In the long run, they
may also become useful for predicting drug efficiencies
in a clinical setting. In this regard, the particular advantages of mathematical models are that they can be based
on a relatively small number of measurable parameters,
and provide information about dynamic processes.

Table 1 Optimized parameter values for the BxPC-3 and Capan-1 model
Model parameter

Value
BxPC-3 Capan-1

Global parameter
-1
κ0 = EGFR phosphorylation (min )
-1
κ1 = pEGFR attenuation (min )
-.1
-1
κ2 = EGF-dependent ERK phosphorylation (a.u. min )
-1
κ3 = basal pERK dephosphorylation (min )
-1
-1
κ4 = EGF-dependent AKT phosphorylation (a.u. min )
-1
κ5 = basal pAKT dephosphorylation (min )
-1
κ6 = basal ERK phosphorylation (min )
-1
κ7 = basal AKT phosphorylation (min )
κ8 = EGF-dependent pERK dephosphorylation
(a.u.-1min-1)
κ9 = EGF-dependent pAKT dephosphorylation
(a.u.-1min-1)
-1
κ10 = pEGFR inhibition by erlotinib (µmol/L )
tau1 = delay for pERK (min)
tau2 = delay for pAKT (min)
Scaling parameter
erlotinib = 0 µmol/L
scale_pEGFR
scale_pERK
scale_pAKT
erlotinib = 0.11 µmol/L
scale_pEGFR
scale_pERK
scale_pAKT
erlotinib = 0.33 µmol/L
scale_pEGFR
scale_pERK
scale_pAKT
erlotinib = 1.0 µmol/L
scale_pEGFR
scale_pERK
scale_pAKT
Fixed parameter and initial condition
pEGFR (a.u.)
EGFRtot = total EGFR (a.u.)
AKTtot = total AKT protein (a.u.)
ERKtot = total ERK protein (a.u.)

0.293
0.067
0.388
3.688
0.225
0.149
0.067
0.013
4.512

0.438
0.155
0.482
a
0.044
a
0.104
0.007
8.520

2.914

1.771

39.066
29.766
3.109

62.143
66.809
13.803

0.858
61.339
13.483

0.540
33.035
12.039

1.594
27.224
8.231

1.191
29.561
8.254

2.522
35.326
5.528

1.955
29.479
5.237

6.242
15.631
2.569

9.296
15.464
2.340

0
1
1
1

0
1
1
1

a: Calculated according to Figure 1C; EGFR: Epidermal growth factor receptor; AKT: Protein kinase B; ERK: Extracellular signal-regulated kinase;
EGF: Epidermal growth factor; pAKT: Phospho-AKT; pERK: Phosphomitogen-ERK; a.u.: Arbitrary units.

Our observations of BxPC-3 cells are in agreement
with a previous study by������
�����
Diep et al[37], who showed that
in KRAS wild-type PC cells, erlotinib-attenuated cell
proliferation could be further diminished with MEK inhibitors. The results of the two studies, however, differ�
in that we observed a similar effect of the drug combination in KRAS mutant cells, while Diep et al[37] did not.
These contradictory findings are possibly due to the fact
that different KRAS mutant cell lines and non-identical
MEK inhibitors were used.
The antiproliferative effect of erlotinib in PC cells
has previously already been linked to the expression of
HER3 (ErbB3)[28,38,39]. Interestingly, HER3 has also been
shown to act upstream of AKT in a pathway that is
activated by EGF-induced formation of EGFR/HER3
heterodimers [39]. Thus, by blocking EGFR-mediated
transphosphorylation of HER3, erlotinib may effectively

WJG|www.wjgnet.com
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Background

Of all common malignancies, pancreatic cancer (PC) has the lowest survival
rate. The epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor erlotinib is the only new drug for the treatment of locally advanced, unresectable,
or metastatic PC that has been successfully introduced into the clinics in recent
years, but its positive effect on survival time is small.
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To date, only rash, a common side effect of EGFR targeted therapies, is an indicator of a possible response to an erlotinib treatment. Identification of molecular
markers holds promise for classifying subgroups of patients who would benefit
most from erlotinib therapy.

Innovations and breakthroughs

This is the first study combining experimental data and mathematical modeling to elucidate epidermal growth factor and erlotinib action in PC cells. The
authors observed that PC cells with a high biological sensitivity to erlotinib
displayed a higher basal phospho-protein kinase B level and increased activation of EGFR-induced downstream signaling pathways than less sensitive cells.
The mathematical model not only reflected the experimental findings, but also
provided predictions regarding phosphoprotein levels that could be verified experimentally.
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Applications

The results of this study may facilitate the search for molecular markers of erlotinib efficiency in PC patients. Mathematical models, like the one established
here, are currently applicable in order to gain molecular insights into signaling
processes in cancer cells. In the long run, they may also become useful for predicting drug efficiencies in a clinical setting.
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Peer review

The authors present a manuscript with important data which may be helpful for
patient stratification for the treatment of pancreatic carcinoma using erlotinib. Of
course, the model as established in this study should be confirmed through further
in vivo tests, including clinical trials, and a group of biomarkers may be developed
in the future and applied for a selection of potentially sensitive patients.
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RESULTS: A total of 127 cases were reviewed. Sixtysix were excluded during subsequent screening due
to lack of complete small bowel evaluation and/or lack
of documentation of overt bleeding or iron deficiency
anemia. The 61 remaining cases were carefully exam
ined with independent review of endoscopic images as
well as complete capsule endoscopy videos. This anal
ysis excluded 26 additional cases due to insufficient re
cords/images for review, incomplete capsule examina
tion, poor capsule visualization or lack of confirmation
of typical angioectasias by the principal investigator
on independent review. Thirty-five cases met criteria
for final analysis. All study patients were age 50 years
or older and 13 patients (37.1%) had chronic kidney
disease stage 3 or higher. Twenty of 35 patients were
taking aspirin (81 mg or 325 mg), clopidogrel, and/or
warfarin, with 8/20 on combination therapy. The num
ber and location of angioectasis was documented for
each case. Lesions were then classified into the follow
ing segments of the gastrointestinal tract: esophagus,
stomach, duodenum, jejunum, ileum, right colon and
left colon. The location of lesions within the small
bowel observed by capsule endoscopy was generally
defined by percentage of total small bowel transit time
with times of 0%-9%, 10%-39%, and 40%-100%
corresponding to the duodenum, jejunum and ileum,
respectively. Independent review of complete capsule
studies allowed for deviation from this guideline if cap
sule passage was delayed in one or more segments.
In addition, the location and number of angioectasias
observed in the small bowel was further modified or
confirmed by subsequent device-assisted enteroscopy
(DAE) performed in the 83% of cases. In our study
population, angioectasias were most commonly found
in the jejunum (80%) followed by the duodenum
(51%), stomach (22.8%), and right colon (11.4%).
Only two patients were found to have angioectasias in
the ileum (5.7%). Twenty-one patients (60%) had an
gioectasias in more than one location.

Abstract
AIM: To define which segments of the gastrointestinal
tract are most likely to yield angioectasias for ablative
therapy.
METHODS: A retrospective chart review was perform
ed for patients treated in the Louisiana State University
Health Sciences Center Gastroenterology clinics be
tween the dates of July 1, 2007 and October 1, 2010.
The selection of cases for review was initiated by use
of our electronic medical record to identify all patients
with a diagnosis of angioectasia, angiodysplasia, or
arteriovenous malformation. Of these cases, chart re
views identified patients who had a complete evalua
tion of their gastrointestinal tract as defined by at least
one upper endoscopy, colonoscopy and small bowel
capsule endoscopy within the past three years. Pa
tients without evidence of overt gastrointestinal bleed
ing or iron deficiency anemia associated with intestinal
angioectasias were classified as asymptomatic and
excluded from this analysis. Thirty-five patients with
confirmed, bleeding intestinal angioectasias who had
undergone complete endoscopic evaluation of the gas
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CONCLUSION: Patients being considered for endo
scopic ablation of symptomatic angioectasias should
undergo push enteroscopy or anterograde DAE and reinspection of the right colon.

of lesions occur in the jejunum (93%) rather than the ileum (7%)[10]. Anecdotal reports from our center or other
centers performing balloon enteroscopy in the United
States are similar to the findings of Gerson et al[10].
In order to better define the distribution of angioectasias in the gastrointestinal tract, we studied the location
of specific lesions in patients with overt or occult gastrointestinal blood loss attributed to symptomatic angioectasias.

© 2012 Baishideng. All rights reserved.

Key words: Intestinal angioectasias; Intestinal angio
dysplasias; Intestinal arteriovenous malformations;
Obscure gastrointestinal bleeding
Peer reviewers: Rafiq A Sheikh, MBBS, MD, MRCP, FACP,

MATERIALS AND METHODS

FACG, Department of Gastroenterology, Kaiser Permanente
Medical Center, 6600 Bruceville Road, Sacramento, CA 95823,
United States; Orhan Sezgin, Professor, Department of Gastroenterology, Mersin University School of Medicine, 33190 Mersin, Turkey

This study was designed as a single-center retrospective chart review. Institutional review board approval
was obtained during final protocol development. Prior
to study initiation, the terminology regarding intestinal
vascular lesions was delineated. Angioectasias were defined pathologically as dilated submucosal veins with
overlying ectasia of mucosal venules and capillaries.
The term angiodysplasia was used interchangeably with
angioectasia although the equivalence of these terms
has been debated. Due to the presence of arteriovenous
communications in some angioectasias, lesions identified as arteriovenous malformations were also included
in this study provided that the observed lesion was not
protruding or obviously deep to the submucosa. Using
these pathologic definitions as a reference, all superficial
lesions 1mm or greater in size which are cherry-red in
color with a fern-like pattern were included for analysis
(Figure 1). Lesions characterized by pulsatile bleeding
but no mucosal defect were generally classified as Dieulafoy lesions and were excluded[1,11].
Selection of cases for review was initiated by use of
our electronic medical record to identify cases in which
a diagnosis of angioectasia, angiodysplasia, or arteriovenous malformation was made between the dates of July
1, 2007 and October 1, 2010. Of these cases, chart reviews identified patients who had a complete evaluation
of their gastrointestinal tract as defined by at least one
upper endoscopy, colonoscopy and small bowel capsule
endoscopy within the past three years. Patients without
evidence of overt gastrointestinal bleeding or iron deficiency anemia associated with intestinal angioectasias
were classified as asymptomatic and excluded from this
analysis. Patients with a diagnosis of hereditary hemorrhagic telangiectasia or gastric antral vascular ectasia
were also excluded.

Bollinger E, Raines D, Saitta P. Distribution of bleeding gastrointestinal angioectasias in a Western population. World J
Gastroenterol 2012; 18(43): 6235-6239 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i43/6235.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i43.6235

INTRODUCTION
Intestinal angioectasias are culprit lesions in up to 5%-6%
of gastrointestinal bleeding cases and are the most
common source of bleeding from the small intestine
in patients older than 50-60 years [1]. In patients who
experience symptomatic blood loss due to these lesions, approximately 40%-50% will experience recurrent
bleeding[2]. Endoscopic ablation of these lesions using
bipolar cautery or argon plasma coagulation is a standard
therapy to prevent bleeding recurrence[1,3]. However, localization of these lesions can be challenging as they are
commonly small, evanescent and/or located deep in the
small intestine. These lesions are also multiple in many
cases[4]. Understanding the natural distribution of these
lesions in the gastrointestinal tract is useful to guide endoscopic evaluation and therapy.
Endoscopic visualization of the entire gastrointestinal tract has not been readily available until the advent
of wireless capsule endoscopy and double balloon enteroscopy in 2001[5,6]. Prior to the introduction of these
technologies, complete examinations of the intestinal
lumen were limited to cases in which intraoperative
enteroscopy was performed. Recent studies of the distribution of angioectasias using capsule endoscopy and
balloon enteroscopy demonstrate that these lesions are
common causes of bleeding from the small intestine.
However, the most frequent location of lesions within
the small intestine has varied between populations. In
Eastern populations, angioectasias have been found to
be distributed almost equally between the proximal and
distal small intestine (44%-69% and 31%-56%, respectively)[7-9]. These findings are in contrast to a recent study
in the United States which found that the vast majority

WJG|www.wjgnet.com

RESULTS
A total 127 cases were initially reviewed. A large number
(66) of these were excluded during subsequent screening
due to lack of complete small bowel evaluation (primarily
lack of capsule endoscopy) and/or lack of documentation of overt bleeding or iron deficiency anemia. The 61
remaining cases were carefully examined with independent review of endoscopic images as well as complete
capsule endoscopy videos. This analysis excluded 26
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lesion (71.4%). Twenty-one patients had lesions in more
than one location (60%).
Spatial clustering of lesions was also observed. In patients with lesions in multiple segments, the most common sites were the duodenum and jejunum (14 patients
or 40%). Other clustering occurred in the stomach and
jejunum (6 patients or 17%), stomach and duodenum (5
patients or 14.3%), jejunum and right colon (5 patients
or 14.3%), duodenum and right colon (3 patients or
8.6%), stomach and right colon (1 patient or 2.9%), and
duodenum and ileum (1 patient or 2.9%).
Eight patients had angioectasias isolated to the jejunum (22.8%), while two patients had angioectasias isolated to the duodenum (5.7%). Other angioectasias isolated
to a single segment were found in the stomach and ileum
in one patient each (2.9%). None of our patients had angioectasias located in the esophagus or left colon and no
patients had isolated angioectasias in the right colon.

Figure 1 A typical angioectasia (arrow) observed in the small intestine by
capsule endoscopy.

additional cases due to insufficient records/images for
review, incomplete capsule examination, poor capsule visualization or lack of confirmation of typical angioectasias by the principal investigator on independent review.
A total of 35 cases met criteria for final analysis. The
number and location of angioectasias were documented
for each case. Lesions were then classified into the following segments of the gastrointestinal tract: esophagus,
stomach, duodenum, jejunum, ileum, right colon and left
colon. The location of lesions within the small bowel
observed by capsule endoscopy was generally defined by
percentage of total small bowel transit time with times
of 0%-9%, 10%-39%, and 40%-100% corresponding to
the duodenum, jejunum and ileum, respectively. Independent review of complete capsule studies allowed for
deviation from this guideline in cases in which capsule
passage was delayed in one or more segments. In addition, the location and number of angioectasias observed
in the small bowel was further modified or confirmed
by subsequent device-assisted enteroscopy (DAE) performed in the 83% of cases.
In the final analysis, all study patients were age 50
years or older (age range 50-91 years) and 13 patients
(37.1%) had chronic kidney disease stage 3 or higher
(defined by Kidney disease outcomes quality initiative
staging: stage 3 = glomerular filtration rate (GFR) 30-59,
stage 4 = GFR 15-29, stage 5 = GFR < 15 or on dialysis).
Twenty of 35 patients were taking aspirin (81 mg or 325
mg), clopidogrel, and/or warfarin. Of these 20 patients, 8
were on a combination of these medical therapies.
In our study population, the jejunum was the most
common location of symptomatic angioectasias in the
gastrointestinal tract. Out of 150 total angioectasias observed in 35 patients, 78 were localized to the jejunum
(52%), 34 to the duodenum (23%), 22 to the stomach
(15%), 9 to the ileum (6%), and 7 to the right colon
(4.7%). Twenty-eight patients had lesions in the jejunum
(80%), 18 had lesions in the duodenum (51%), 8 had lesions in the stomach (22.8%), 4 had lesions in the right
colon (11.4%) and 2 had lesions in the ileum (5.7%).
There were no angioectasias localized to the esophagus
or left colon. Twenty-five patients had more than one
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DISCUSSION
Recent studies of obscure bleeding in Eastern populations indicate that angioectasias are not the most common cause of small bowel hemorrhage and that these
lesions are distributed fairly equally throughout the small
intestine[7-9,12-14]. However, studies of Western populations report that angioectasias account for 60%-70% of
bleeding sources in the small bowel and are generally
found in the proximal small bowel[10,15,16]. One study by
May et al[17] described a high incidence of symptomatic
small bowel angioectasias in a United States population,
with lesions seen in 17 of 52 push enteroscopies, 21 of
52 oral push-and-pull enteroscopies, and 2 of 52 anal
push-and-pull enteroscopies. In our study population,
angioectasias were most commonly found in the proximal small bowel, namely the jejunum and duodenum.
Spatial clustering of these lesions also occurred most
frequently in these segments.
Treatment of bleeding angioectasias is difficult. Data
regarding the use of hormones, thalidomide or octreotide is limited with pharmacologic therapy reported as
effective in some studies but not others. Treatment with
estrogen and progesterone is the most common pharmacologic therapy, although recent studies have shown
failed to confirm the efficacy observed in smaller, earlier
trials[1,18-20]. Somatostatin and octreotide have reportedly
shown some reduction of blood loss from angioectasias,
although only in case reports and one small study. It is
theorized that somatostatin may prevent recurrent bleeding from angioectasias by reduction in mesenteric blood
flow and inhibition of vasodilator peptides[19]. Although
this rationale seems plausible, there are currently no
randomized, double-blinded studies supporting these hypotheses[1]. Endoscopic ablation is a commonly utilized
therapy in patients with overt bleeding or iron deficiency
anemia attributed to intestinal angioectasias. Although
the effectiveness of this therapy has not been proven in
a randomized, controlled trial, the practice of endoscop-
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ic ablation is supported by the lack of compelling data
for medical therapy. Small studies of rebleeding rates
after ablative therapy support this practice. In one study
conducted in the United Kingdom, heater probe ablation
of angioectasias was performed in 23 patients during
push enteroscopy. The authors found this therapy to be
effective although repeated ablation was required in 30%
of cases[21]. Another early study of endoscopic therapy
in London found that argon lasers, although seemingly
promising, did not completely ablate the angioectasia.
The first of their 18 studied cases ultimately required an
emergency gastrectomy, so the investigators observed
the argon laser’s effercts on the resected specimen. Despite the laser’s small ulcer created during endoscopy, the
arteriovenous malformation remained intact under normal mucosa, increasing the likelihood of rebleeding. In
a separate case, investigators had better results with the
neodymium Yag (Nd YAG) laser, which created fibrotic
zones three to four times thicker than the argon laser[22].
This finding was validated by two separate studies which
showed a reduction in blood transfusion requirements
after treating patients with angioectasias with endoscopic
Nd YAG laser. However, the investigators of these studies performed only upper gastrointestinal endoscopy,
and admitted that the Nd YAG laser would need to be
used with caution in the thinner bowel walls of the lower
gastrointestinal tract[23,24]. In Japan, Ohmiya et al[25] used a
combination of double balloon endoscopy with enteroscopic electrocoagulation to locate and treat 19 patients
with small bowel angioectasias. Of the 19 patients, 7 rebled after treatment. Nakase et al[26] also DBE to localize
bleeding angioectasias in the small bowel of 8 patients,
and reported successful hemostasis in all cases using
combination therapy of local injection of hypertonicsaline epinephrine and heat coagulation. However, since
bleeding from angioectasias often occurs intermittently,
it is difficult to evaluate the effects of any therapy on rebleeding rates. For this reason, both endoscopic therapy
and medical therapy are still used in clinical practice
with medical therapy often reserved for patients with
comorbidities preventing endoscopic ablation, patients
with multiple lesions or in cases in which bleeding recurs
despite ablation[1].
Weaknesses of our study include retrospective design
and relatively small number of patients included in the
final analysis. Also, patients with angioectasias located
within reach of standard endoscopy may not have been
included if additional evaluation by capsule endoscopy
was not pursued thus leading to overstatement of the
percentage of patients with small bowel lesions. The
lack of angioectasias found in the ileum is still a compelling finding despite these considerations. When applying
this finding towards clinical practice, examination of
the ileum by retrograde DAE or attempted total enteroscopy by antrograde DAE is unlikely to yield angioectasias candidate for ablation unless lesions are observed
in this segment by capsule study. Close inspection of
the duodenum and jejunum using push enteroscopy or
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anterograde DAE combined with re-inspection of the
right colon and terminal ileum may be the most effective
approach in these patients.
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Appraisal Skills Programme for qualitative studies. The
studies were analysed and synthesised using metasynthesis methodology. The themes from the studies
allowed for common translations into a new interpretation of the impact of living with inflammatory bowel
disease.

Abstract

CONCLUSION: The metasynthesis provides a comprehensive representation of living with IBD. The unmistakeable burden of incontinence is exposed and
its ongoing effects are demonstrated. The combined
overall impact of living with IBD is the tension these
patients live with: “Pushed and pulled: a compromised
life”, people living with IBD experience a constant
conflict throughout their lives, they push to be normal
but IBD pulls them back. The impact of the fear of incontinence and behaviour of the individual as a result,
requires further qualitative enquiry.

RESULTS: Of 1395 studies, six published studies and
one unpublished thesis fulfilled the inclusion criteria.
First iteration of synthesis identified 16 themes, 2nd
iteration synthesised these into three main 2nd order
constructs: “detained by the disease”; “living in a world
of disease” and “wrestling with life”. “Detained by the
disease” is the fear of incontinence, the behaviour the
patients display due to the fear, and the impact this
has on the individual, such as social isolation and missing out on life events. All of these serve to “pull” the
patient back from normal living. “Living in a world of
disease” is the long term effects of living with a long
term condition and the fear of these effects. “Wrestling
with life” is the continued fight to thrive, the “push” to
continue normal living.

AIM: To undertake a metasynthesis of qualitative
studies to understand the health and social needs of
people living with inflammatory bowel disease (IBD).
METHODS: A systematic search strategy identified
qualitative studies exploring the phenomenon of living with inflammatory bowel disease. Databases included MEDLINE, PsychInfo, EMBASE, CINAHL and
the British Nursing Index via the OVID platform.
Qualitative search filters were adapted from Hedges
database (http://www.urmc.rochester.edu/hslt/miner/
digital_library/tip_sheets/Cinahl_eb_filters.pdf). Qualitative empirical studies exploring the health and social
needs of people living with inflammatory bowel disease were selected. Study eligibility and data extraction were independently completed using the Critical
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perspective[4,16]. For example, the RFIPC includes loss of
bowel control as a concern but fails to encapsulate the
real impact this has on the individual[17]. A study exploring concerns and worries of patients with CD identified
other concerns and worries that were not captured within the RFIPC[18]. Objective indices within the tools do
not fully summarize the patient’s clinical symptoms, nor
reflect the individual’s experience of IBD[19-21]. Failure to
capture the lived experience of IBD has been confirmed
by the European Federation of Crohn’s and Colitis Associations (EFCCA) patient survey[22] which reported
that quality of life (QoL) and patient concerns were
not taken into account when caring for patients with
IBD, despite the plethora of studies highlighting this
fundamental principle[23-25]. The EFCCA study identified
that half of the patients surveyed were not questioned
by their doctor about the impact of their symptoms on
their QoL.
In contrast to quantitative measures, qualitative methods are more able to capture the essence of living with
IBD from the patients perspective[26,27]. They can provide
insight into the meanings, behaviours, experiences and
beliefs of the participants with the aim of “drawing out
understandings and perceptions and understand the linkages between process and outcomes”[28].
In order to understand IBD, tailor treatment and
provide personalised care, capturing the patient experience is imperative. There are a number of small scale
qualitative studies exploring the experience of living with
IBD from the patient’s perspective but there is a need to
synthesis this evidence to further understand this before
undertaking larger in-depth qualitative studies. The studies relating to IBD are small and often are not published
in journals normally accessed by healthcare professionals
responsible for managing these patients. Meta synthesis
meets this need by the systematic selection, comparison
and analysis of these qualitative combined studies and
translating them to create new interpretations[28].
The qualitative meta synthesis is a set of techniques
for the interpretive integration of qualitative research
findings[29], it overcomes the limitations of small studies[30] and has the ability to promote a greater understanding in a particular area[31]. In this study, the purpose was
to integrate and interpret the qualitative studies of the
experience of living with IBD. Systematic reviews are accepted as the cornerstone of evidence based practice[32]
and are based on reviews of effectiveness and of “what
works”. However there is now a move toward addressing
the wider questions, such as why there is a problem in
the first place and how it has come about. These questions need to be answered in order to develop patient
centred interventions[33,34], implement studies of effectiveness and provide answers for the policy makers[31,33].
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INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic inflammatory disease of the gastrointestinal tract that is divided into two subgroups: Crohn’s disease (CD) and ulcerative colitis (UC). Characterised by periods of remission
and relapse, bowel movements may be up to 20 times
per day with associated faecal urgency and incontinence.
IBD is also associated with extra intestinal manifestations, affecting joints, eyes, skin, bones and organs as a
consequence of the disease process[1].
The disease often has a negative effect on the patient’s
emotional and social life, which are not always visually apparent[2]. Loss of bowel control, feeling dirty and
smelly, producing offensive body odours, unfulfilled potential in the workforce and issues with sexual relationships, were concerns ranked highly in a patient survey of
people with IBD[3]. One of the most prevalent concerns
is fatigue[3,4]. Fatigue in people with IBD was found to
be comparable to those suffering from cancer[5]. Fatigue
affects the ability to work and socialise, confirming the
disability associated with IBD[6]. Unemployment and sick
leave is more common in IBD patients compared to the
general population[7,8], with ability to work regarded as a
global marker of the total impact of IBD[3].
People with IBD have a poorer quality of life than
the general population[9-13] and are more likely to report
increased levels of anxiety and depression with increased
disease activity[14]. Evidence reveals that the disease continues to impact on the individuals psychological status
even when in remission[9,15]. Overall, evidence suggests
that the subjective experience of ill health associated
with IBD does not always correlate with clinical disease
activity.
The health-related quality of life (HRQoL) of people
with IBD has been extensively evaluated with the development of two key disease specific tools: the Inflammatory Bowel Disease Questionnaire (IBDQ)[16] and the
Rating Form for Inflammatory Bowel Disease Patient
Concerns (RFIPC)[4]. The IBDQ was developed using
survey methodology and measures subjective emotional
and social functioning. The RFIPC was developed to
measure neglected but important IBD concerns including disease related, body related, and inter/intrapersonal
and sex related.
Whilst useful measures, the IBDQ and RFIPC fail to
capture the essence of living with IBD from the patient’s
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Inclusion criteria
Qualitative studies which explored the phenomena of
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two excluded due to the quantitative methodological
approach used[36,37], the remaining two were included
for initial screening[38,39]. Full text papers were obtained
for the remaining 17 papers. These 17 papers and two
dissertations were then screened for initial inclusion using three screening questions: Does this paper report
on findings taken from qualitative work? Did the work
involve both qualitative methods of data collection and
analysis? Is this research relevant to the topic area?[40].
Of the 17 papers and two dissertations screened,
11 papers and one dissertation were excluded from the
synthesis. The dissertation was excluded as no qualitative
methodological analysis was undertaken[39]. The remaining papers were excluded based on: methodological
approach used an online survey method[19]; paediatric
age group[41]; subject matter focused on living with an
ostomy[42]; narrative journey with no qualitative methodology[43]; participant responses used to validate commonly used indices[21] and six papers excluded as the
subject group was a mixture of patients with IBD and
irritable bowel disease and unable to distinguish between
responses from each group[44-49].
The final selection of six papers[17,50-54] and one un
published dissertation[38] were reviewed by all three authors. Data extraction forms were developed and data
extraction, including study eligibility, study demographics, study characteristics, and themes, and data extraction
were independently completed by three reviewers (Kemp
K, Griffiths J, Lovell K).
The CASP[55] tool was used to quality appraise the
papers and also to aid the interpretation and exploration process of the synthesis[56]. Further synthesis of
the themes from the studies was agreed collectively at
synthesis meetings to develop the new translations. The
search summary is found in Figure 1 and full details of
the search strategy are available from the authors.

Search strategy results:
Using key words: Inflammatory bowel disease, Crohn’s disease, ulcerative
colitis, interviews, lived experience, needs, concerns
Search filters adapted from: Hedges database and Edward G Milner library
1395 papers

113 abstracts selected for further review

92 removal of duplicates and subject matter not relevant to synthesis topic,
17 papers full text and 4 dissertations

Consensus agreement with all three authors based on inclusion criteria:
6 papers, 2 dissertations

Application of quality appraisal: 6 papers, 1 dissertation synthesised

Figure 1 Flow chart summarising search strategy.

living with IBD from the patient’s perspective were included in the synthesis. Additional inclusion criteria were
studies restricted to English language only, published
and unpublished studies and sample population adults >
16 years.
Exclusion criteria
The study focused on only one aspect e.g. living with a
colostomy or diet, and mixed studies of irritable bowel
syndrome and IBD.
Systematic search
Electronic literature searches were conducted in MEDLINE (1966-2010), PsychInfo (1967-2010), EMBASE
(1980-2010) and CINAHL databases (1982-2010) and the
British Nursing Index (1994-2010) via the OVID platform. Search filters developed by the Hedges database
from McMaster University Health Information Research
Unit and Kathryn Nesbit, Edward G Milner Library,
University of Rochester Medical Centre, were adapted
to aid the search (http://www.urmc.rochester.edu/hslt/
miner/digital_library/tip_sheets/Cinahl_eb_filters.pdf).
The search was conducted from the inception of the
databases to August 2010. Web of Knowledge and CINAHL were used for citation searches, foot note chasing
and journal runs. Author searches were also incorporated
into the search of the literature from journals including
Qualitative Health Research, Gastroenterology Nurse,
and Inflammatory Bowel Diseases[35].
Of the 1395 papers generated by the preliminary
search of all the databases combined, 1282 were excluded as they were irrelevant to the study question.113
abstracts were selected for further review, of which 92
were excluded based on duplication, quantitative methodology, and wrong subject matter. Four unpublished
dissertations were identified within this and obtained,
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RESULTS
Seven studies met the inclusion criteria. Summaries of
the included studies are given in Table 1 and their corresponding demographics in Table 2. A list of excluded
studies is available from the authors.
Characteristics of included studies
The seven selected studies were published from 1996-2010.
Two were conducted in the United Kingdom[50,54], one
in Sweden[52], one in Canada[51], one in New Zealand[53],
and two in America[17,38]. All of the studies used in depth
interviews[17,38,51-54] and one study combined interviews
with focus groups[50].
A total of 86 patients with an age range was 16-83
years were included and only one reported one patient
from an ethnic background[52]. Two studies focused on
CD only[52,53], and one study UC patients only[17]. The
remaining studies included people with both UC and
CD. Patients were recruited from relevant national IBD
charities[38,53], directly from outpatients clinics[17,52,54], media advertisements[51], and from a previous community
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Table 1 Characteristics of synthesised studies
Ref.

Theoretical
perspective

Sampling
strategy

DudleyBrown[17]

Phenomenological Convenience
sample
(n = 3)

Patients sampled from IBD
In depth semi
outpatient clinic when attending structured
for their scheduled appointment interviews

Daniel et al[51]

Phenomenological Purposive
sample
(n = 5)

Patients recruited by an
advertisement in national
newspaper

In depth semi
structured
interviews

Hall et al[50]

Grounded theory Purposive
sample
(n = 31)

In depth
interviews and
focus groups

Burger et al[38]

Interpretive
Convenience
phenomenological sample
design
(n = 8)

Recruited from a previous
unconnected study, sampled
by lowest quintile of UK-IBDQ,
established low quality of life
Participants from mailing list of
Indiana Chapter of Crohn’s and
Colitis Foundation of America,
answered advert and recruited
according to inclusion/exclusion
criteria
Participants recruited from
Crohn’s and Colitis New Zealand

Lynch et al[53]

Phenomenological Purposive
sample
(n = 4)
Pihl-Lesnovska Grounded theory Theoretical
et al[52]
sample
(n = 11)
Cooper et al[54]

Framework

Purposive
sampling
(n = 24)

Recruitment setting

Data collection
method

Analytical approach
Coding and memo system used, grouped and
transformed into an interpretive understanding
of the phenomenology of living with UC, with
the extraction of emergent themes
Kings Goal Attainment Framework used
as theoretical framework; thematic content
analysis of interviews to develop themes in line
with this framework
Concurrent data collection and analysis to
identify emerging themes; selective coding
was used to enabled theoretical framework

In depth
Thematic analysis, identification analysis and
interviews,
identification of paradigm cases used
each participant
interviewed 3
times

Semi structured
in depth
interviews
Patients recruited from the
Unstructured in
gastroenterology outpatient clinic depth interviews

Patients sampled from IBD
Semi structured
outpatient clinic when attending in depth
for their scheduled appointment interviews

Thematic analysis from transcribed data,
ongoing process of interpretation used to refine
themes to describe nature of the experience
Constant comparative analysis used, saturation
determined sample size; core category and
related categories identified; two authors
analysed all interview transcripts
Thematic content analysis using framework

IBD: Inflammatory bowel disease; UK-IBDQ: United Kingdom version of the McMaster Inflammatory Bowel Disease Questionnaire; UC: Ulcerative colitis.

Table 2 Demographics of synthesised studies
Ref.

Date

Country

Dudley-Brown[17]

1996

United States

Daniel et al[51]

2001

Canada

Hall et al[50]

2005

United Kingdom

Burger et al[38]

2005

United States

Lynch et al[53]

2007

New Zealand

Pihl-Lesnovska et al[52]

2010

Sweden

Cooper et al[54]

2010

United Kingdom

Age range

Gender

30-50 yr

1 female;
2 male
18-24 yr
2 female;
3 male
Not specified but all 19 female;
> 16 yr
12 male
30-65 yr
6 female;
2 male
16-21 yr
3 female;
1 male
29-83 yr
5 female;
6 male
30-40 yr
11 female;
13 male

Disease

Disease duration

3 ulcerative colitis

1-10 yr

Sample size
3

IBD not specified

< 2 yr

5

14 Crohn’s disease;
17 ulcerative colitis
6 Crohn’s disease;
2 ulcerative colitis
All Crohn’s disease

Not specified but all
> 2 yr
2-40 yr
< 18 mo

4

All Crohn’s disease

2-33 yr

11

12 Crohn’s disease;
12 ulcerative colitis

1- > 10 yr

24

31
8

IBD: Inflammatory bowel disease.

based study[50]. The theoretical perspectives were mainly
phenomenology[17,38,51,53] and grounded theory[50,52] with
one study using framework[54].

findings of each study were compared with one another
repeatedly to identify the 1st order constructs. This revealed the similarities and differences in the data, which
led to 2nd order constructs and the interpretation of
all of the synthesised studies. For example, study 1 may
have had findings AB and C, study 2 may have findings
AC and D, a new finding. The synthesis from studies 1
and 2 was compared to study 3 and so forth, until all of
the papers were synthesised[29,57]. Early on in the synthe-

Synthesis of the evidence
The three authors independently reviewed all of the
studies. The emergent themes were subject to constant
examination until an argument to explain the data of
the combined studies was developed. The themes and
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Table 3 Themes and concepts
1st order constructs
Limitations/missing out on life events
Humiliation of incontinence
Social isolation
Unpredictability
Powerlessness
Feeling damaged
Impact on relationships
Negative emotions
Stress
Fatigue
A disease for life
Fear of long term effects
Invisible disease
Acceptance yet fight
Knowing my body
Control
Maintaining normality

Ref.
[17,38,50-54]
[17,50,51,53,54]
[17,38,50,51,53,54]
[38,50-53]
[17,38,53,54]
[38,52-54]
[17,38,50-54]
[17,50-54]
[38,51-54]
[38,50-53]
[38, 51-53]
[38, 51-53]
[38,50,53,52]
[38,53,54]
[38,53,54]
[38,51-54]
[38,50,52,53]

2nd order constructs

Line of argument
synthesis

Detained by disease (“pull”)
Fear of incontinence - unpredictability, humiliation
Behaviour due to fear of incontinence - avoidance
Impact of behaviour - socially isolated, missing out on life
events, limited life, relationship burden, feeling damaged
Fatigue

“Pushed and pulled:
a compromised life”.
Constant conflict
between IBD and
normal life results in
a compromised life.
Pushes to be normal
but IBD pulls
individual back.

Living in a world of disease

Wrestling with life (“push”)
Striving to thrive

IBD: Inflammatory bowel disease.

First iteration

Second iteration

Line of argument

Limitations/missing out on life events
Humiliation of incontinence
Social isolation
Unpredictability
Powerlessness
Feeling damaged
Impact on relationships

Detained by disease ("pull")
Fear of incontinence - unpredictability, humiliation
Behaviour due to fear on incontinence - avoidance
Impact of behaviour - socially isolated, missing out on life
events, limited life/relationship burden, and feeling damaged

A disease for life
Fear of long term effects
Invisible disease

Living in a world of disease

Acceptance yet fight
Knowing my body
Control
Maintaining normality

Wrestling with life ("push")

"Pushed and pulled: A compromised life"
Constant conflict between the IBD and
"normal life" results in a compromised life:
The individual pushes to be "normal" but IBD
pulls them back

Figure 2 Relationship between synthesised studies. IBD: Inflammatory bowel disease.

sis it was clear that the relationship between the studies
was mutual, all sharing common themes[58]. As the studies had a “reciprocal” arrangement, a new argument was
developed. This process was followed systematically,
starting with the oldest study first[17] in keeping with the
model of “line of argument” synthesis[58]. The themes
and concepts are illustrated in Table 3 and the relationship between them identified in Figure 2.

with IBD: “pushed and pulled: a compromised life”,
people living with IBD experience a constant conflict
throughout their lives, they push to be normal but IBD
pulls them back.
Living in a world of disease
A disease for life: Participants were acutely aware that
they had been diagnosed with a long term condition
with no cure. Facing and accepting the incurable illness
was met with a variety of responses yet the need to get
back to normal, but inability to do so, was a theme running through all of the studies.

Results - synthesis of the evidence
The synthesis of the seven studies identified that people
with IBD endure many daily challenges, stress, pain, fatigue, and fighting for control. The combined impact of
living with IBD is the tension they live with. The metasynthesis has provided an in-depth exploration of living
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The risks of cancer development and passing on the illness to children added to the burden of living with the
physiological aspects of the illness[38,52].

actual episodes of incontinence and remembering the
humiliation this produced. Actual episodes were rare but
the fear remained constant. Patients felt ashamed, not
only of the actual incontinence but also of their ongoing
fear. Some people reported the overwhelming shame of
incontinence. Shame and humiliation was even experienced within the family unit, one grandmother describing the embarrassment should her grandchildren know
that she cannot make it to the bathroom[38,51,54]. This fear
of incontinence was all consuming for some patients
and became a focus of living with IBD, over and above
the physical symptoms. “It’s terrible, but that’s the biggest fear”[38].

Invisible disease: A difficult aspect of living with IBD
is its invisibility[17,38,52,53]. The studies detail how this concept affected the individuals. The lack of understanding from others doubting that they were actually sick as
it was not visible, added to their feelings of anger and
frustration, in particular with family members[51]. “My
sister says I’m blowing this up...it’s an act...I’m trying to
get attention”[51].
Wrestling with life: Striving to thrive (“push”)
Acceptance yet fight: A common theme throughout
all of the studies was the individual’s willingness and
need to wrestle with their illness. Three of the studies
discussed the acceptance of living with the illness yet
continuing to fight it[38,52-54]. This can be interpreted as
neither a submission to the illness nor as out and out
combat but more where individuals made peace with
their illness. “This is how I am...to me it’s no different
than saying I have a dog”[38].

Behaviour due to fear of incontinence (avoidance):
The fear of incontinence and its unpredictability had a
profound effect on the individual’s behaviour. For many
this fear led to an avoidance or curtailing of daily activities and impaired individuals work, social and leisure and
private functioning[17,38,51].
Individuals used a range of coping strategies to either
manage or avoid incontinence and included carrying potties and spare clothes, wearing nappies and identifying
bathrooms prior to any travel[17,38]. Travelling anywhere
required extra time and was dictated by the individual’s
bowel frequency and control. “Planning an escape route
provided a sense of security even if it was not needed”[38].
The impact of this behaviour led to avoiding places
and people. Studies describe patients only attending safe
places[50] with a dependency on toilets [51] or avoiding
public places all together[17].

Control: The concept of control is visible in all seven
studies, whether this was trying to control the illness[50],
controlling bowel urgency[38] or losing control[51]. Individuals fought to gain and maintain control and find a
balance between what they could control and what they
needed to control, for life to be acceptable[54]. Gaining “control” had a positive impact on the individuals,
recognising “performance accomplishments”[54] and allowing them to feel “normal”[50]. However the cost of
achieving this was a large trade off which was capable of
wearing the individual down and losing its ability to continue to fight, fatigue becoming a significant problem[50].
Attempting to control their illness was their attempt to
try to maintain “normality” for many people within the
studies[38,50,52,53].

Impact of behaviour (missing out on life events,
socially isolated): The fear of incontinence, coupled
with avoidance behaviour, was immensely detrimental
to the individual’s QoL. They became socially isolated
very easily: had limited activity with family and friends[38];
became reclusive[50]; and missed out on life events[51]. The
self enforced social isolation led to feelings of social
inadequacy, lacking the necessary societal skills for everyday living[51]. “I’ve just missed a whole part of my life”[51].
Individuals expressed feeling damaged, a failure,
weak and feeble with overwhelming feelings of anger,
frustration and depression[50-53]. Unable to identify a pattern or trigger for their disease reinforced all of these
negative emotions[17,38,53].
Stress was overtly discussed in five studies[38,51-54]. Triggers for stress ranged from the illness itself to outside
factors such as the ability to work and financial concerns
and manifested itself in the form of fatigue and exacerbations of their disease. Lack of understanding from
family members and feeling redundant in the family
home[50] left people feeling alienated from partners and
family [51], and people reported complex emotions of
“letting people down”[53].
Fatigue, tiredness and exhaustion contributed to people’s feelings of frustration, stress and powerlessness[52].
Some people felt that fatigue was a sign of weakness[53]
and was generally misunderstood by others[50] as it was

Knowing my body: Participants voiced the theme of
“knowing my body”, with accounts of knowing when
their illness flared up better than their doctor. An increased awareness of their body led the individuals to try
to identify triggers or patterns and recognise when their
illness flared up. By learning about their own body the
individual tried to gain some scale of control but often
this concluded in them feeling helpless and misunderstood[53]. “He stated that he knew it was not his CD even
though it was the physician’s first inclination”[38]. Wrestling with life culminates with the individual pushing to
be normal, accepting their illness yet striving to thrive
and survive.
Detained by the disease (“pull”)
Fear of incontinence (unpredictability, humiliation):
All of the studies report the patient’s fear of incontinence and how they try to live with this[17,38,50-54]. The
fear appeared to be associated with past experiences of
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not evidently visible, reinforcing the invisibility of the
disease.
Detained by the disease became evident as the analysis of the studies revealed that the fear of incontinence,
the behaviour associated with it and the resultant enforced social isolation, resulted in “pulling” the individual back from “normal” living.

the individual perceives him or herself and their relationship with others. The shifting perspectives model of
chronic illness determined that life with a chronic illness
does not follow a predictable trajectory but people experience a “complex dialectic between themselves and their
world”[62]. This process of debate and argument, trying
to cope with the disease is all encompassing; the individual with IBD lives in a world of disease, even when
in remission.
Studies have identified the long term complications
of IBD, such as bone problems and colorectal cancer[63].
These potential long term complications heighten the
individual’s fear of the disease. The uncertain nature of
the illness and developing cancer were concerns ranked
highly for people with IBD[4,23]. The fear of long term
complications and dying are difficult discuss with others
when outwardly the individual appears fine[38,51].
The issue of control is important within all of the
studies. The ability to take control and the relationship
with psychological functioning has been established in
the literature. Personal control may be informed by self
efficacy[64] or the Common Sense Model whereby the
extent to which the individual believes that their illness
is manageable and possible to control, becomes focal
to their behaviour[65]. Individuals with IBD have been
found to have significantly poorer psychological health
than those without IBD[66] and the metasynthesis has illustrated that control and coping are important factors
and assist the psychological well being in these individuals. Controllability and coping strategies were closely
linked to knowing how their body reacted to their illness
and identification of flare ups[38], maintaining normality
and acceptance of IBD within the individual’s life[50,52-54].
The unmistakeable burden of the fear of incontinence, the behaviour related to this fear and the impact
of this behaviour on the individual, is exposed and its
ongoing effects are demonstrated much more clearly by
the metasynthesis. An early study identified urgency of
defecation and the fear of incontinence as factors affecting the QoL in individuals with CD[54]. Behaviour due to
fear and coping strategies, such as avoidance of public
places, carrying potties when leaving the house[38], changing working schedules[21], have been identified in other
studies, but the collective impact of this fear and behaviour reveals the true impact IBD has on the individual.
The humiliation of incontinence and unpredictable nature of the disease leave the individual socially isolated
and missing out on important life events. The reality that
this fear and behaviour continues into disease remission
compounds the stress, fatigue and debilitative nature of
it.
All of the synthesised studies identified the issue of
incontinence but the unmistakeable burden of this is
exposed and its ongoing effects are demonstrated much
more clearly by the metasynthesis, supporting the value
of the metasynthesis and its ability to interpret studies
into new translations.
There are limitations to the metasynthesis: the low
number of people with IBD included in the synthesis;

Line of argument
A line of argument was derived from the synthesis of
the seven studies[58]. The common translations from the
studies were taken a step further and constructed into a
new interpretation.
Line of argument synthesis: the ongoing factors
identified by the qualitative studies impact on the individual’s whole life with IBD leading to a compromised
life: the individual pushes to be normal yet IBD pulls
them back. The individual is in constant conflict, fighting to be normal with the impact of this resulting in
constant tension within.
The synthesised studies revealed the fear and humiliation surrounding incontinence which resulted in severely
reduced social interactions. Descriptions how the illness
“intruded” into the participant’s life and the constant
“fight” for normality was evidenced throughout all of
the studies. Phrases, including the “see-sawing of fears
and hopes”, illustrate the uncertainties and contradictions of living with IBD. Importantly, the individuals describe the courage required to break the social isolation
resulting from bowel symptoms. All of these aspects of
living with IBD are directly related to everyday life.

DISCUSSION
The aim of this metasynthesis was to provide an interpretation of the health and social needs of patients
living with IBD by synthesising qualitative studies and
key issues emerged. People with IBD endure many daily
challenges including stress, pain, and fatigue and fighting
to maintain normality. The combined overall impact of
living with IBD is the tension these patients live with.
The value of metasynthesis is the interpretation of all
of the synthesised studies to provide an inclusive representation of living with IBD: “Pushed and pulled: a
compromised life”, people living with IBD experience a
constant conflict throughout their lives, they push to be
normal but IBD pulls them back.
Considering the plethora of evidence pertaining to
the patient’s QoL, symptom burden, and psychosocial
factors related to IBD[3,10,12,25,59,60], there are few qualitative studies directly exploring the patient’s beliefs and behaviours from the patient’s perspective. Only seven studies were identified, six published and one unpublished
thesis, the earliest undertaken in 1996 and the latest in
2010, during a 14 year time span. The studies amount to
only 86 patient accounts of living with IBD.
People diagnosed with a chronic disease must adjust
to the demands of the disease as well as to the treatments for their condition[61]. The disease may affect how

WJG|www.wjgnet.com

6246

November 21, 2012|Volume 18|Issue 43|

Kemp K et al . Meta-synthesis of living with IBD
the disease. Capturing this evidence can lead to a greater understating of the
condition and help to tailor treatments and provide personalised care.

the subjective nature of the synthesis; and grouping
studies from various countries with different and changing health care systems over a period of 14 years and
combining them and the advent of biologic drugs. The
countries have similar socio-economic systems with developed healthcare resources but differ in terms of the
financial aids required to access healthcare. Over the past
decade the profile of chronic disease management has
increased due to the aging population and the role of
health care in the management of this area has changed
dramatically with greater emphasis placed on self management. Early studies may be deemed outdated. However the methodology of the metasynthesis and the accounts of living with IBD in the studies remain important to capture the phenomenon of living with IBD.
Based on our analysis, we conclude that the fear of
incontinence, the behaviour related to this fear and the
impact of this behaviour on the individual, are perhaps
the most significant issues to emerge from the metasynthesis. The findings highlight the daily challenges and
tensions that individuals with IBD face, whether their
disease is in remission or not. Evidence has found the
incidence and prevalence of IBD to be increasing, indicating its emergence as a global disease[67]. Perhaps with
the emergence of biologic therapies and gene identification, emphasis has been placed upon the acute aspect of
IBD and the chronicity of the disease is forgotten.
The physical symptoms alone do not validate the
subjective impact of living with IBD[3]. The psychological burden of living with IBD, QoL and specific psychological co morbidities are described as “un-promoted issues”: issues that are not always addressed in the medical
literature[68]. Identification and clarity of these “un-promoted issues” can only be met by undertaking qualitative
studies and health care professionals need to be aware
of the influences these have on the individual when
developing treatment strategies. More focused attention
on the patient’s perspective of living with IBD is needed
to provide patient centred care and structure health care
services. The emergence of the immense impact of incontinence, fear and behaviour on the individual from
this metasynthesis requires further qualitative enquiry.

Innovations and breakthroughs

Recent audits from the European Federation of Crohn’s and Colitis Association
has demonstrated, on a large scale, the impact IBD has on the individual’s personal, work and social life. This audit highlighted some important considerations
of IBD care in Europe, however, a more immersed understanding is required.
This is the first metasynthesis of IBD and provides a comprehensive insight of
what it is like to live with.

Applications

The findings from this study emphasises the impact incontinence has on the
individual, even in remission. The fear of incontinence, the behaviour related to
this fear and the impact of this behaviour on the individual, are the most significant issues to emerge from the metasynthesis, and requires further qualitative
enquiry.

Terminology

IBD is a collective term for Crohn’s disease and ulcerative colitis. Qualitative
studies typically use focus groups and/or interviews to gather data. Qualitative
studies, from the patient’s perspective, are used to highlight the lived experience of a phenomenon. Metasynthesis is a method of identifying and bringing
together (synthesising) relevant research evidence from a variety of qualitative
studies. Metasynthesis methodology seeks to expand the understanding of
patient experience.

Peer review

The enclosed metasynthesis analyses the data from the literature regarding
understanding the health and social care needs of patients with IBD. The paper
is very well written. The authors observed that the most significant issues were
fear of incontinence, the behaviour related to this fear and the impact of this
behaviour on the individual. This paper adds a lot of important information on
health quality of life in IBD patients and help readers to understand the IBD
more.
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RESULTS: Ninety adult dyspeptic patients were enrolled, and 83 (30 male, 53 female; mean age 57 ± 13
years) completed the study. Nineteen patients were
administered a 7-d triple treatment: 11 with L. reuteri
supplementation during and 8 after therapy. Sixty-four
patients were administered a sequential regimen: 32
with L. reuteri supplementation during and 32 after
therapy. The eradication rate was significantly higher
in the sequential group compared with the 7-d triple
regimen (88% vs 63%, P = 0.01). No difference was
found between two types of PPI. No difference in eradication rates was observed between patients submitted
to L. reuteri supplementation during or after antibiotic
treatment. Compliance with therapy was excellent
in all patients. No difference in adverse effects was
observed between the different antibiotic treatments
and between patients submitted to L. reuteri supplementation during and after antibiotic treatment. There
was a low incidence of adverse effects in all groups of
patients with sequential therapy, probably due to the
presence of the L. reuteri supplementation.

Abstract
AIM: To evaluate the role of sequential therapy and

Lactobacillus reuteri (L. reuteri ) supplementation, in the
eradication treatment of Helicobacter pylori (H. pylori ).

CONCLUSION: The sequential treatment regimen achi
eved a significantly higher eradication rate of H. pylori
compared with standard 7-d regimen. L. reuteri supplementation could reduce the frequency and the intensity
of antibiotic-associated side-effects.

METHODS: H. pylori infection was diagnosed in 90
adult dyspeptic patients. Patients were excluded if previously treated for H. pylori infection or if they were
taking a proton pump inhibitor (PPI), H2-receptor
antagonist or antibiotics. Patients were assigned to
receive one of the following therapies: (1) 7-d triple
therapy (PPI plus clarithromycin and amoxicillin or
metronidazole) plus L. reuteri supplementation during antibiotic treatment; (2) 7-d triple therapy plus
L. reuteri supplementation after antibiotic treatment;
(3) sequential regimen (5-d PPI plus amoxicillin therapy followed by a 5-d PPI, clarithromycin and tinidazole) plus L. reuteri supplementation during antibiotic
treatment; and (4) sequential regimen plus L. reuteri
supplementation after antibiotic treatment. Success-
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peptic outpatients aged > 18 years were consecutively
referred to our Division of Gastroenterology. One hundred and five outpatients were screened for enrolment
and only 15 of these were excluded. The exclusion criteria were the following: (1) the presence, at endoscopy
evaluation, of an active gastro-duodenal ulcer; (2) previous treatment for H. pylori infection; (3) PPI, H2-receptor antagonist or antibiotic treatment in the 4 wk before
the study; and (4) a known allergy to the antibiotics used
in the present study. No subjects had gastric malignancy
at endoscopy.

Helicobacter pylori eradication: Sequential therapy and Lactobacillus reuteri supplementation. World J Gastroenterol 2012;
18(43): 6250-6254 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i43/6250.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i43.6250

INTRODUCTION
Helicobacter pylori (H. pylori) infection is a worldwide disease causing significant morbidity. At present, the role of
this infection is well known, particularly in peptic ulcer
disease, gastric neoplasia (mucosa-associated lymphoid
tissue-lymphoma and carcinoma), non-ulcer dyspepsia
(chronic gastritis) and the possible interaction with nonsteroidal anti-inflammatory drugs to damage the gastric
mucosa[1-3].
There are numerous treatment options for curing
H. pylori infection and many are still under investigation.
The eradication rate of H. pylori following 7-d triple
treatment [proton pump inhibitor (PPI) plus clarithromycin and amoxicillin or metronidazole] is decreasing
due to an increasing prevalence of bacterial resistance,
poor patient compliance and the occurrence of antibiotic adverse effects[4]. Therefore, further approaches
aimed to improve standard triple therapy efficacy should
be attempted. In some large studies[5-7], a sequential regimen, i.e., simple 5-d dual (PPI plus amoxicillin) therapy
followed by a 5-d triple therapy (PPI, clarithromycin and
tinidazole) was more effective than 7-d triple treatment
(PPI plus clarithromycin and amoxicillin or metronidazole), with few adverse effects in children, adults and
elderly patients. Moreover, the Italian Working Group
of the Cervia Ⅱ meeting advised the use of sequential
therapy as an alternative to 7-14 d triple therapy as firstline treatment[8].
As reported by the Maastricht Ⅲ Consensus Report,
probiotics could also play a relevant role in the management of H. pylori infection by improving treatment tolerability and increasing eradication rates[4]. Indeed, some
Lactobacilli have been shown to possess antagonistic activity against H. pylori, both in vitro and in vivo[9,10]. L. reuteri
ATCC 55730, a probiotic of human origin, has been
demonstrated to reduce adverse effects during antibiotic
therapy and to increase eradication of the H. pylori infection[11-13]. Further studies support that L. reuteri colonizes the human gastric mucosa, inhibits the binding of
H. pylori to gastric epithelial cell lines and suppresses
H. pylori urease activity[14-16].
The primary end-point of our prospective study was
to compare the eradication rate of 7-d triple treatment
with a sequential regimen. The secondary end-point was to
evaluate the role of L. reuteri supplementation in H. pylori
infection.

H. pylori assessment
Patients were enrolled if H. pylori infection was detected.
H. pylori infection was diagnosed based on an upper endoscopy with gastric biopsy (2 samples from the antrum
and 2 samples from the corpus) or by means of the
H. pylori stool antigen-test (SAT) or the 13C urea breath
test (UBT). The gold standard for H. pylori diagnosis was
an upper endoscopy with multiple gastric biopsies. All
but 5 patients underwent endoscopy and, in 3 of these,
H. pylori status was assessed by UBT and by SAT in the
remaining 2 patients.
Urea breath test: Citric acid (1.5 g) as test meal and 75
mg of 13C-urea as water solution were given to the patients after collection of a baseline sample, obtained by
blowing through a disposable plastic straw into a 20 mL
container, and a further breath sample was collected 30
min later. The breath samples were considered positive
if there was a greater than 5 per 1000 of 13CO2 difference over baseline, according to the manufacturer’s recommendations.

H. pylori stool antigen-test: H. pylori in stool specimens was investigated by a commercial enzymatic immunoassay test (Bioscience). The enzyme immunoassay
utilized for the detection of H. pylori antigens in human
stool was the Premier Platinum HpSA Plus. The test utilizes monoclonal anti-H. pylori capture antibody adsorbed
to microwells. Diluted patient samples and a peroxidaseconjugated polyclonal antibody were added to the wells
and incubated for 1 h at room temperature. A wash was
performed to remove unbound material. Substrate was
added and incubated for 10 min at room temperature.
Color developed in the presence of bound enzyme. Stop
solution was added and the results were interpreted visually or spectrophotometrically.
Treatments
The 7-d triple therapy included a PPI 20 mg bid plus
clarithromycin 500 mg bid and amoxicillin 1 g bid for 7 d,
while the sequential regimen consisted of 5-d dual (PPI
20 mg bid plus amoxicillin 1 g bid) therapy followed by a
5-d triple therapy (PPI 20 mg bid, clarithromicin 500 mg
bid and tinidazole 500 mg bid). The PPI (lansoprazole or
pantoprazole) was continued for 30 d at a dose of 20 mg
daily. A Reuflor tablet (kindly provided by Italchimici,
Rome) containing L. reuteri (ATCC 55730; 108 CFU)

MATERIALS AND METHODS
Patients
Between January 2008 to December 2009, 90 adult dys-
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Patients treated
Patients eradicated

P < 0.01
80

Table 1 Demographic characteristics of the patient groups
Therapy

88%

% patients

60

7-d standard triple therapy plus L. reuteri
during therapy
7-d standard triple therapy plus L. reuteri
post therapy
10-d sequential therapy plus L. reuteri
during therapy
10-d sequential therapy plus L. reuteri
post therapy

40

63%

20

0
1

2

3

4

5

Male/
female

11

54 ± 8

6/5

8

59 ± 5

2/6

32

57 ± 2

7/25

32

60 ± 2

11/21

L. reuteri: Lactobacillus reuteri.

6

Statistical analysis
The data are expressed as mean ± SE. The statistical
analysis was conducted by χ 2 test. P < 0.05 was considered statistically significant.

Figure 1 Helicobacter pylori eradication rate in the following groups
of patients. 1: 10-d sequential therapy plus Lactobacillus reuteri (L. reuteri)
post therapy; 2: 10-d sequential therapy plus L. reuteri during therapy; 3: 10-d
sequential therapy; 4: 7-d standard triple therapy plus L. reuteri post therapy;
5: 7-d standard triple therapy plus L. reuteri during therapy; 6: 7-d standard
triple therapy. The eradication rate was significantly higher in the sequential
group compared with the 7-d triple therapy group (88% vs 63%, P = 0.01). No
difference was found between patients submitted to L. reuteri supplementation
during or after antibiotic treatment.

RESULTS
Overall, ninety adult dyspeptic patients were enrolled in
the study. All but 7 patients completed the study, with
one lost to follow-up and 6 noncompliant. Therefore,
83 patients (30 male, 53 female; mean age 57 ± 13 years)
completed the study. Nineteen patients were administrated a 7-d triple treatment: 11 with L. reuteri supplementation during and 8 after therapy. Sixty-four patients were
administered the sequential regimen: 32 with L. reuteri
supplementation during and 32 after therapy (Table 1).
The eradication rate was significantly higher in the
sequential group compared with the 7-d triple therapy;
88% vs 63%, P = 0.01 (Figure 1). No difference in eradication rates was observed between patients submitted to
L. reuteri supplementation during or after antibiotic treatment. No difference was found between the two different types of PPI (lansoprazole or pantoprazole).

was taken once a day. Some patients received L. reuteri
supplementation after the 7th or 10th day of antibiotic
therapy, 12 h after administration of the last tablet of
antibiotic. The other patients received the L. reuteri on
the first day of antibiotic treatment.
For each therapy regimen, the PPI was prescribed 30
min before breakfast and dinner, whereas all antibiotics
were given immediately after these meals.
Study groups
Consecutive patients were assigned to receive one of the
following therapies: (1) 7-d triple therapy plus L. reuteri
supplementation during the antibiotic treatment; (2) 7-d
triple therapy plus L. reuteri supplementation after the
antibiotic treatment; (3) 10-d sequential regimen plus L.
reuteri supplementation during the antibiotic treatment;
and (4) 10-d sequential regimen plus L. reuteri supplementation after the antibiotic treatment.
In detail, the patients enrolled between 1 January
2008 and 30 November 2008 were treated with 7-d triple
therapy, while those enrolled between 1 December 2008
and 31 December 2009 were treated with sequential
therapy.
Informed consent was obtained from all patients
enrolled in the study. The local Ethical Committee approved the study protocol.

Compliance and adverse effects
The reported compliance with therapy was excellent in
all patients. All adverse effects, mainly mild diarrhea and
abdominal pain, were self-limiting after the end of therapy. No difference in the number and type of adverse
effects was observed between the different antibiotic
regimens and between patients submitted to L. reuteri
supplementation during or after antibiotic treatment.

DISCUSSION
In the last few years, with an increasing prevalence of
antimicrobial resistance, the H. pylori cure rate with standard triple therapy has declined to unacceptable levels
(i.e., 80% or less) in most countries. Two very large
meta-analyses showed that standard 7-14 d triple therapies fail to eradicate H. pylori infection in up to 25% of
patients[17,18]. More recent data have demonstrated that
triple therapy with amoxicillin, clarithromycin and a PPI
has an eradication rate of only 74%-76%[19]. Therefore,
several tretment regimens have emerged for cure of

Follow-up
Patients were asked to return at the end of treatment
to assess the compliance with therapy and to determine
possible adverse effects. Compliance was defined as consumption of > 90% of the prescribed drugs. Adverse
effects were evaluated using a structured questionnaire
by personal interview. Bacterial eradication was checked
in all patients at least 4 wk following the eradication
treatment by using UBT.
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H. pylori infection. In Italy, since the prevalence of primary clarithromycin resistance is higher than 15%[20,21],
the Cervia Ⅱ Working Group advised the use of 7-14 d
triple therapies or a sequential therapy, as first-line treatment. To date, the efficacy of sequential therapy has
been investigated in 22 trials including more than 2000
patients. The success rate of the sequential regimen was
distinctly higher than that achieved by standard triple
therapies[22,23]. Zullo et al[18] found that the sequential regimen was significantly superior to either 7-d and 10-d
standard triple therapies with an overall eradication rate
of 93.7%, 75.9% and 79.6%, respectively. These results
were confirmed in 2 other recent meta-analyses[24,25]. It
was known that a dual therapy (PPI plus amoxicillin)
administered for less than 7 d was able to achieve a cure
rate of up to 50%, and that the efficacy of a triple therapy (PPI, clarithromycin and tinidazole) was inversely
related to the bacterial load, with higher eradication rates
being achieved in those with a low bacterial density in
the stomach. Because amoxicillin acts on the bacterial
cell wall and damages it, the initial phase of treatment
may prevent the development of efflux channels by
weakening the cell wall of the bacterium. An important
limitation is that data regarding the efficacy of the sequential regimen mainly came from Italian studies, and
the use of metronidazole instead of tinidazole in different studies performed in other geographic areas could
reduce the eradication rate[26,27].
The primary aim of this study was to evaluate the
efficacy of sequential therapy compared with standard
triple therapy. We found that the eradication rate was
significantly higher in the sequential group as compared
with the 7-d triple therapy group (88% vs 63%; P =
0.01). These results confirm that 10-d sequential therapy
is superior to standard regimens (range: 91%-96% vs
71%-83%), as reported by systematic reviews and metaanalyses of randomized, controlled trials comparing these
2 treatments and published until October 2008[24,25,28].
Some prospective randomized Italian studies also more
recently[6,29,30], confirmed these results, constantly achieving very high (range: 92%-95%) eradication rates in children, adults, and elderly patients treated with sequential
therapy compared with 7-d or 10-d triple treatment (range:
74%-77%).
The secondary end-point was the assessment the
role of L. reuteri on the outcome of H. pylori infection.
Among probiotics, it was demonstrated that L. reuteri
colonizes the human gastric mucosa, inhibits the binding
of H. pylori to gastric epithelial cell lines and suppresses
H. pylori urease activity[14-16]. Interestingly, in some studies[12,31], monotherapy with L. reuteri showed a reduction
in the H. pylori bacterial load.
In our population, all patients were assigned to receive L.reuteri supplementation. In the sequential therapy
group, the eradication rate of H. pylori with this probiotic
was 88%, similar to that reported in literature. In a double-blind placebo-controlled study[16], H. pylori-positive
adult subjects were given L. reuteri for 4 wk before antibiotic therapy or placebo. As with our results after the
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10-d sequential regimen, the rate of H. pylori eradication
in those who had received the probiotic was 88%.
In our study, in the 7-d therapy group, the eradication
rate of H. pylori was 63%, greater than 53% reported by
a prospective, pilot study[32] in a subgroup of patients assigned to receive the same therapy with L. reuteri supplementation.
In our population, it a low incidence of adverse effects was observed in all groups of patients with sequential therapy, probably due to the presence of L. reuteri.
In conclusion, sequential therapy appears to be more
effective than standard 7-d triple therapy, and L. reuteri
supplementation could play a role in the eradication of H.
pylori, but a large, double-blind, controlled study is needed
to confirm these results and to explain the exact function
of L. reuteri. Indeed, it may improve the tolerability to
antibiotic therapy by decreasing adverse effects or play a
primary role in the eradication of H. pylori infection.
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(PPI, clarithromycin and tinidazole), is more effective than 7-d triple treatment
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to reduce adverse effects during antibiotic therapy and to increase eradication
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human gastric mucosa, inhibits the binding of H. pylori to gastric epithelial cell
lines and suppresses H. pylori urease activity.
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The H. pylori eradication rate was significantly higher in the sequential group
compared with 7-d triple therapy. These results confirmed that 10-d sequential
therapy is superior to standard regimens, as reported by systematic reviews
and meta-analyses of randomized trials. Moreover, L. reuteri supplementation
could play a role in the eradication of H. pylori and improve the tolerability to
antibiotic therapy, despite conflicting results in previous studies.

Applications

Sequential therapy appears to be more effective than standard 7-d therapy and
is a well-tolerated, promising therapy and should be recommended as first-line
treatment. L. reuteri supplementation could play a role in the eradication of H.
pylori, but a large, double-blind, controlled study is needed to confirm these
results and to explain its exact function. It may improve the tolerability to the
antibiotic therapy or play a primary role in reducing H. pylori infection.
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The authors investigated standard triple drug therapy treatment of H. pylori infection of human patients versus sequential therapy, with all therapies also including
L. reuteri probiotic. In 83 patients, they found that eradication rates were higher
in the sequential therapy group over that of the standard triple therapy group.
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Celiac disease markers in patients with liver diseases: A
single center large scale screening study
Pavel Drastich, Eva Honsová, Alena Lodererová, Marcela Jarešová, Aneta Pekáriková, Iva Hoffmanová,
Ludmila Tučková, Helena Tlaskalová-Hogenová, Julius Špičák, Daniel Sánchez
METHODS: Large-scale screening of serum antibodies against tissue transglutaminase (tTG), and deamidated gliadin using enzyme-linked immunosorbent assay and serum antibodies against endomysium using
immunohistochemistry, in patients with various liver
diseases (n = 962) and patients who underwent liver
transplantation (OLTx, n = 523) was performed. The
expression of tTG in liver tissue samples of patients
simultaneously suffering from celiac disease and from
various liver diseases using immunohistochemistry
was carried out. The final diagnosis of celiac disease
was confirmed by histological analysis of small-intestinal biopsy.
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RESULTS: We found that 29 of 962 patients (3%)
with liver diseases and 5 of 523 patients (0.8%) who
underwent OLTx were seropositive for IgA and IgG
anti-tTG antibodies. However, celiac disease was
biopsy-diagnosed in 16 patients: 4 with autoimmune
hepatitis type Ⅰ, 3 with Wilson's disease, 3 with celiac hepatitis, 2 with primary sclerosing cholangitis, 1
with primary biliary cirrhosis, 1 with Budd-Chiari syndrome, 1 with toxic hepatitis, and 1 with non-alcoholic
steatohepatitis. Unexpectedly, the highest prevalence
of celiac disease was found in patients with Wilson's
disease (9.7%), with which it is only rarely associated.
On the other hand, no OLTx patients were diagnosed
with celiac disease in our study. A pilot study of the
expression of tTG in liver tissue using immunohistochemistry documented the overexpression of this molecule in endothelial cells and periportal hepatocytes of
patients simultaneously suffering from celiac disease
and toxic hepatitis, primary sclerosing cholangitis or
autoimmune hepatitis type Ⅰ.

Abstract

CONCLUSION: We suggest that screening for celiac
disease may be beneficial not only in patients with
associated liver diseases, but also in patients with
Wilson's disease.

AIM: To study the coincidence of celiac disease, we
tested its serological markers in patients with various
liver diseases.
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mer DQA1/0501/DQB1/0201 on antigen-presenting
cells. In CLD, the number of gliadin-specific HLADQ2- or HLA-DR4-restricted T-lymphocytes expands
and high titers of antibodies against gliadin and various
autologous antigens are generated, which can affect the
functions of many organs[3-7].
The therapy of CLD is still based on the withdrawal
of gluten and its related proteins from the diet of patients [gluten-free diet (GFD)]. After 6-12 mo on a GFD,
most CLD patients experience a clinical improvement
accompanied by restoration of the intestinal mucosa and
a reduction in the number of gliadin and autoantigenrestricted lymphocytes. The serum concentrations of
anti-gliadin antibodies and antibodies against autologous
antigens are also reduced. Interestingly, mild liver dysfunction with a histological picture of nonspecific reactive hepatitis (celiac hepatitis) may improve after institution of a GFD[8-11]. Although the withdrawal of gluten
from the patients’ diet improves celiac hepatitis, its influence on autoimmune hepatitis is controversial and in
childhood, in which the diagnosis and the introduction
of GFD are not usually delayed, it seems ineffective.
However, the diet may reduce the risk of CLD complications and development of the most severe refractory
CLD[12-15].
The diagnosis of CLD is based on the histological
analysis of a duodenal/jejunal biopsy and the testing
of serum antibodies against gliadin and autoantibodies
against endomysium or tissue transglutaminase (tTG).
This study focused on serological screening for CLD
in patients with liver diseases and those who underwent
liver transplantation, i.e., patients with a known higher
risk of developing CLD. Moreover, we also analyzed the
tissue expression and distribution of tTG in the liver
of patients with various liver diseases, especially those
simultaneously suffering from CLD and compared these
to morphologically unaltered liver tissue.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Celiac disease (CLD) is a frequent, lifelong, primarily
small intestinal enteropathy with an incidence of more
than 1:250 which is induced in genetically susceptible individuals after ingestion of wheat gluten. The duodenal
and jejunal mucosa of patients with active CLD is infiltrated by leukocytes and structurally remodeled. Villous
flattening and crypt hyperplasia develop in the mucosa
of these patients and cause malabsorption syndrome, diarrhea, abdominal pain, and weight loss. However, these
symptoms predominate in pediatric patients (accompanied by growth retardation), whereas latent and silent
forms of CLD occur more often in adult patients[1-3].
Interestingly, a growing proportion of new cases of
CLD are being diagnosed in adults and in patients with
extraintestinal manifestations. CLD may affect several
organs including kidney, skin, heart, and the nervous, endocrine and reproductive systems, however, liver injury is
one of the most frequent extraintestinal manifestations
of the disease. Although the spectrum of liver manifestations associated with CLD is particularly wide, two
main forms of liver damage, namely cryptogenic and
autoimmune, appear to be strictly related to this disease.
The most frequent finding documenting liver damage in
CLD is a cryptogenic hypertransaminasemia, observed
in approximately 15%-55% of untreated patients, as an
expression of mild liver dysfunction with a histological
picture of nonspecific reactive hepatitis (“celiac hepatitis”). However, in a few cases a more severe liver injury,
characterized by a cryptogenic chronic hepatitis or liver
cirrhosis requiring liver transplantation, is present. A
close association is known to exist between CLD and
autoimmune liver diseases such as primary biliary cirrhosis with a prevalence of 3%-7%, autoimmune hepatitis
(3%-6%), and primary sclerosing cholangitis (2%-3%).
This is probably related to an association between CLD
and the human leukocyte antigen (HLA)-DQ heterodi-
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MATERIALS AND METHODS
Patients and controls
The study enrolled patients treated in the Department
of Hepatogastroenterology, Institute for Clinical and
Experimental Medicine, Prague, in 2009-2010. Sera from
a total of 1485 patients were tested. The tested cohorts
included 962 patients with diagnosed liver diseases (mean
age 55 years, range: 21-76 years) and 523 patients (mean
age 49 years, range: 18-66 years) who underwent liver
transplantation during 1994-2010 as a consequence of
end stage of liver disease. Table 1 summarizes the baseline clinical characteristics of the patients and healthy
controls included in our study. The cohort of healthy
controls (n = 300, mean age 23 years, range: 18-45 years)
was selected from the Institute of Hematology and
Blood Transfusion (Prague, Czech Republic).
The diagnostic criteria for primary biliary cirrhosis
included clinical symptoms, clinical chemistry, exclusion
of infection with hepatitis viruses and evidence of anti-
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the Institute for Clinical and Experimental Medicine
according to the manufacturer’s instructions. The BINDAZYME™ Anti-Tissue Transglutaminase EIA kit (the
Binding Site, Birmingham, United Kingdom) and ORG
540A and ORG 540G Anti-Tissue-Transglutaminase
ELISA kit (ORGENTEC Diagnostika GmbH, Mainz,
Germany) were simultaneously used to test for IgA or
IgG anti-tTG antibodies, IgA or IgG anti-gliadin antibodies were tested using QUANTA Lite Gliadin IgA or
QUANTA Lite Gliadin IgG (INOVA Diagnostic Inc.,
San Diego, CA, United States), and by ELISA kits ANTI
GLIADIN MGP IgA and ANTI GLIADIN MGP IgG
(Binding Site). The results of the serological testing were
expressed as a percentage of antibody-positive patients
within individual groups. To exclude immunoglobulin
deficiency, total IgA and IgG blood levels were analyzed
using a routine method in all tested patients.

Table 1 Patients with liver disease and patients who underwent liver transplantation
Disease

Diagnosis

Liver disease

Alcoholic liver cirrhosis
Autoimmune hepatitis type Ⅰ
Viral hepatitis B
Viral hepatitis C
Wilson’s disease
Primary biliary cirrhosis
Primary sclerosing cholangitis
Nonalcoholic steatohepatitis
Liver steatosis
Budd-Chiari syndrome
Polycystic liver
Others1
Alcoholic liver cirrhosis
Autoimmune hepatitis type Ⅰ
Viral hepatitis B
Viral hepatitis C
Wilson’s disease
Primary biliary cirrhosis
Primary sclerosing cholangitis
Cryptogenic liver cirrhosis
Budd-Chiari syndrome
Polycystic liver
Others2

OLTx

n (M/F)
152 (94/58)
77 (27/50)
117 (67/50)
147 (82/65)
31 (13/18)
32 (4/28)
59 (40/19)
23 (10/12)
132 (77/55)
14 (5/9)
10 (1/9)
168 (74/94)
164 (131/33)
33 (11/22)
33 (20/13)
79 (56/23)
29 (12/17)
40 (5/35)
64 (47/17)
28 (16/12)
6 (2/4)
14 (3/11)
33 (16/17)

Detection of anti-endomysial antibodies
Anti-endomysial antibodies were routinely tested by an
indirect immunofluorescence method using human umbilical cord tissue cryostat sections. The test serum samples were diluted 1:20 and 1:50. Slides were examined
using a Nikon Eclipse E600 immunofluorescence microscope (Nikon, Japan). A positive result was recorded if
the connective tissue surrounding the muscle cells was
brightly fluorescent, forming a honeycomb pattern.

1

Drug-induced hepatitis, cryptogenic liver cirrhosis, hepatitis A, hepatocellular carcinoma, focal nodular hyperplasia, mild liver test abnormalities,
etc.; 2Cryptogenic liver cirrhosis, hepatocellular carcinoma, hematochromatosis, alpha-1-antitrypsin deficiency, etc. M/F: Male/female; OLTx:
Patients who underwent liver transplantation.

Immunohistochemistry
Analysis of tTG expression in liver tissue: The expression and distribution of tTG in the liver biopsy
samples from 25 patients were analyzed and compared.
Eight patients suffered from CLD simultaneously with
liver diseases (2 patients with primary sclerosing cholangitis, 1 with autoimmune hepatitis type Ⅰ, 1 with toxic
hepatitis, 1 with Budd-Chiari syndrome, 3 with celiac
hepatitis), 8 patients with liver diseases (3 with primary
sclerosing cholangitis, 2 with autoimmune hepatitis
type Ⅰ, 1 patient with steatosis, 1 with Budd-Chiari syndrome and 1 patient with primary biliary cirrhosis), and
9 patients with liver metastasis from colorectal carcinoma where tTG expression was analyzed on histologically confirmed unaltered liver tissue at least 3 cm away
from the metastasis. The patients with liver disease simultaneously suffering from CLD were seropositive for
IgA antibodies against tTG, endomysium and gliadin.
MARSH Ⅲb-c stage of jejunal mucosa was present in
these patients. On the other hand, the patients suffering
from liver diseases, but not from CLD, included in the
analysis of tTG expression in liver were seronegative
for all of the mentioned antibodies. Therefore, there
was no reason to perform a small intestinal biopsy in
these patients.
The tTG detection in liver tissue was performed using the immunoperoxidase staining technique, N-Histofine® Simple Stain MAX PO (MULTI, Nichirei, Japan).
Detection was performed on 4 μm thick paraffin sections. Tissue sections were deparaffinated, rehydrated,
and antigen retrieval was performed using heat-induced

mitochondrial antibodies type M2. The diagnosis of
autoimmune hepatitis was based on the scoring system
devised by the International Autoimmune Hepatitis
Group and International Association for the Study of
the Liver[16]. The main diagnostic criteria for alcoholic
liver cirrhosis were the patient’s medical history, liver
histology, and exclusion of other causes of liver cirrhosis. Diagnosis of Wilson’s disease was based on the
recommendation of Kodama et al[17], and Budd-Chiari
syndrome in accordance with the concept of Fox et al[18].
Patients who underwent liver transplantation were treated with standard immunosuppressive therapy following
appropriate guidelines. The study was approved by the
local Ethics Committee.
Serology
Diagnostics and markers for screening of CLD: All
serum samples were tested for immunoglobulin (Ig) A
and IgG antibodies against tTG. Individuals seropositive
for IgA or IgG anti-tTG antibodies were tested for IgA
or IgG (in the case of patients with IgA immunodeficiency) isotypes of antibodies against deamidated gliadin
(IgA and IgG) and anti-endomysium (IgA or IgG). The
final diagnosis of CLD, in individuals seropositive for
these IgA or IgG antibodies, was performed by duodenal/jejunal biopsy.
Serological assays used for CLD screening: All tests
were performed in the immunological laboratory of
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cruited from the group of anti-tTG seropositive patients
with mild liver test abnormalities), primary sclerosing
cholangitis (2), primary biliary cirrhosis (1), Budd-Chiari
syndrome (1), toxic hepatitis (1), and non-alcoholic steatohepatitis (1). Histological analysis of duodenal or jejunal specimens confirmed the diagnosis of CLD in these
16 patients according to European Society for Paediatric
Gastroenterology, Hepatology, and Nutrition criteria.
MARSH Ⅲa-c stages of gut mucosa were observed in
all 16 patients. The clinical data of these newly diagnosed patients are summarized in Table 3. After 6 mo
of adhesion to the GFD, all tested antibodies decreased
to values occurring in healthy individuals and staging of
mucosal lesions improved substantially (MARSH 0-Ⅰ)
in these patients. Four of these 16 patients (three with
celiac hepatitis, one with non-alcoholic steatohepatitis)
showed normalization of liver tests. However, no substantial clinical and laboratory improvements were observed in the other patients adequately treated for liver
disease and adhering to a GFD.
Ten of the 16 newly diagnosed patients showed some
non-specific symptoms of CLD (weight loss, diarrhea,
abdominal pain), while 6 patients were asymptomatic for
CLD.
Serum samples from the blood donors were negative
for IgA anti-tTG antibodies.

Table 2 Immunoglobulin A anti-tissue transglutaminase seropositivity in patients with liver disease and patients who
underwent liver transplantation
IgA anti-tTG
seropositivity

Diagnosis

M/F

n (%)

Liver disease

Wilson’s disease
Autoimmune hepatitis type Ⅰ
Primary biliary cirrhosis
Budd-Chiari syndrome
Mild hepatic liver tests abnormalities
Liver steatosis
Viral hepatitis B
Toxic hepatitis
Nonalcoholic steatohepatitis
Primary sclerosing cholangitis
Polycystic liver
Wilson’s disease
Autoimmune hepatitis type Ⅰ
Alcoholic liver cirrhosis

1/3
1/4
0/1
0/1
5/2
3/1
1/0
1/0
0/2
1/1
0/1
1/1
0/2
1/0

4 (12.9)
5 (6.5)
1 (3.1)
1 (7.1)
7 (20)
4 (3.3)
1 (0.9)
1 (4.8)
2 (8.7)
2 (3.4)
1 (10)
2 (6.9)
2 (6.1)
1 (0.6)

OLTx

IgA: Immunoglobulin A; tTG: Tissue transglutaminase; OLTx: Patients
who underwent liver transplantation; M/F: Male/female.

epitope restoration in an EDTA buffer of pH 8.0. Endogenous peroxidase was inactivated with 0.3% H2O2
in 70% methanol for 30 min at room temperature. The
sections were then incubated for 2 h with anti-tTG antibody CUB 7402 (Acris, Germany), diluted at 1:1200
in antibody diluent, Dako Real (Dako, Glostrup, Denmark). After a washing step, Histofine Simple Stain Max
PO was added for 30 min. Tissue staining was visualized
with a 3,3'-diaminobenzidine substrate chromogen solution (Dako). Slides were counterstained with hematoxylin, dehydrated, and mounted. A negative control was
included by omitting the anti-tTG antibody. An isotype
control was included using a nonspecific mouse IgG1
instead of specific anti-tTG antibody.

CLD seropositivity in patients who underwent liver
transplantation
Of the 523 patients who underwent liver transplantation,
five (0.8%) were positive for IgA anti-tTG antibodies. A
summary of the data on seropositive patients is given in
Table 2. Anti-tTG antibody seropositivity occurred in 2
patients transplanted for autoimmune hepatitis type Ⅰ,
two for Wilson’s disease and one transplanted for alcoholic liver cirrhosis. However, none of these patients
was seropositive for IgA anti-endomysial antibodies or
for IgA and IgG anti-gliadin antibodies. CLD symptoms
were not observed in five patients who were seropositive
for IgA anti-tTG. For that reason, small intestinal biopsy
was not performed in these patients.

RESULTS
CLD seropositivity and final diagnosis in patients with
severe liver disease
In our study, 29 of 962 adult patients with various liver
diseases (3%) were seropositive for IgA anti-tTG antibodies. A summary of the data on seropositive patients
is given in Table 2. Seropositivity for anti-tTG antibodies-detected by employing two different diagnostic kitswas found in five patients with autoimmune hepatitis
type Ⅰ, four patients with liver steatosis, four with Wilson’s disease, two with primary sclerosing cholangitis,
two with non-alcoholic steatohepatitis, and one each
with polycystic liver disease, Budd-Chiari syndrome,
primary biliary cirrhosis, toxic hepatitis, and hepatitis B.
Seven patients with mild liver test abnormalities were
also seropositive for anti-tTG.
Sixteen of 29 patients, i.e., those who were positive
for IgA anti-tTG antibodies, were also seropositive for
IgA anti-gliadin and anti-endomysial antibodies. This
cohort included patients with autoimmune hepatitis
type Ⅰ (4), Wilson’s disease (3), celiac hepatitis (3, re-
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TTG expression in liver tissue
In liver diseases, tTG is closely related with tissue repair,
fibrogenesis and inflammation[19]. For this reason, we
analyzed tTG expression in the liver tissue of twenty five
patients simultaneously suffering from active CLD and
liver disease, patients suffering from liver disease, but
not from CLD, and patients with metastatic colorectal
carcinoma.
In this pilot study, we found overexpression of tTG
in the liver tissue of patients suffering from liver diseases in contrast to morphologically unaltered tissues.
However, individual variability in tTG expression in the
liver tissue of these patients was detected. Despite this,
the overexpression of tTG was predominantly localized
in endothelial cells and periportal hepatocytes and was
more pronounced in the liver tissue of all patients suf-
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Table 3 Patients with liver disease newly diagnosed with celiac disease
No.

Age

1
2

34
37

Gender Diagnosis
F
M

PSC
PSC

3
4
5

33
35
36

M
F
F

Wilson's d.
Wilson's d.
Wilson's d.

6
7
8
9
10
11
12
13
14
15
16

29
33
33
40
35
32
50
22
27
50
40

M
F
F
F
F
M
F
M
M
F
F

AIH type Ⅰ
AIH type Ⅰ
AIH type Ⅰ
AIH type Ⅰ
PBC
Toxic hepatitis
Budd-Chiari s.
Celiac hepatitis
Celiac hepatitis
Celiac hepatitis
NASH

Liver histology
Portal tracts with ductular reaction and minimal inflammation, features of chronic cholestasis
Florid ductular reaction with accompanying mild mixed inflammation and focal dark-brown granules of
copper-associated protein (in orcein stain) in periportal hepatocytes
Macrovesicular steatosis, periportal fibrosis and periportal hepatocytes with glycogenated nuclei
Focal steatosis, periportal and septal fibrosis
Mild nonspecific hepatocellular injury with spotty hepatocyte necrosis and mononuclear portal
inflammatory infiltrate, scattered apoptotic bodies and mild steatosis
Portal and lobular inflammation, periportal fibrosis
Portal and periportal inflammation, spotty necrosis
Chronic hepatitis pattern of injury with portal-based inflammation and fibrosis
Periportal interface activity and scattered hepatocyte necrosis
Bile duct injury with epithelioid granuloma, portal inflammation
Portal inflammation with scattered eosinophils, spotty necrosis
Extensive centrilobular necrosis of hepatocytes
Non-specific reactive hepatitis with mild portal inflammation
Mild lobular inflammation with apoptotic bodies and hepatocyte necrosis
Mild periportal fibrosis with mild portal inflammation and focal interface activity
Ballooned hepatocytes, macrovesicular steatosis accentuated in zone 3 without significant liver injury

No.: Number; F: Female; M: Male; d.: Disease; PBC: Primary biliary cirrhosis; s.: Syndrome; NASH: Non–alcoholic steatohepatitis; PSC: Primary sclerosing
cholangitis; AIH: Autoimmune hepatitis.

fering simultaneously from both liver diseases and active
CLD in contrast to patients suffering only from liver disease. Figure 1 shows more pronounced tTG staining in
the liver specimens of patients simultaneously suffering
from active CLD and primary sclerosing cholangitis, toxic hepatitis, and autoimmune hepatitis type Ⅰ compared
to patients suffering only from primary sclerosing cholangitis and steatosis.

the coincidence of CLD and liver diseases and the relationship between CLD and liver transplantation in the
Czech population. Surprisingly, our results documented
the highest incidence of CLD in patients with Wilson’s
disease (9.7%), followed by autoimmune hepatitis (3.9%),
primary biliary cirrhosis (3.0%), and primary sclerosing cholangitis (3.4%). While a higher incidence of
CLD with primary biliary cirrhosis, primary sclerosing
cholangitis and autoimmune hepatitis has been well described[26,28], the association between CLD and Wilson’s
disease is rare[30-32]. The coincidence of Wilson’s disease
and CLD was high compared with the coincidence of
CLD and osteoporosis (0.98%), female infertility (1.13%)
and systemic lupus erythematosus (approximately 2.7%)
in the Czech population[29]. Our findings of a higher
incidence of CLD in adult patients could be associated
with the underestimation of CLD diagnosis described
in the elderly[33].
Despite the fact that Wilson’s disease, which is characterized by accumulation of copper in tissue, is rarely associated with CLD[30-32], it has been reported that copper
metabolism is also impaired in CLD. In CLD patients,
copper uptake from the gut is significantly reduced and
levels of copper in urine are higher than in healthy individuals[31,32].
In our study, anti-tTG seropositivity in patients who
underwent liver transplantation was lower than that described in previous studies[6]. A possible explanation for
this is the exclusion from screening of 5 patients who
underwent liver transplantation for primary sclerosing cholangitis (2 men, 39 years and 40 years), autoimmune hepatitis type Ⅰ (woman, 25 years), viral hepatitis
B (woman, 51 years) and viral hepatitis C (woman, 56
years), in whom CLD was diagnosed before the beginning of this study. All five patients who underwent liver
transplantation and were seropositive for IgA anti-tTG

DISCUSSION
CLD is frequently associated with various autoimmune
liver diseases such as autoimmune hepatitis, primary biliary cirrhosis and primary sclerosing cholangitis, all of
which may be indications for liver transplantation. On
the other hand, a controversial association exists between
hepatitis B and C virus and CLD. Chronic untreated
CLD of long duration may also lead to liver damage
severe enough to require liver transplantation[4,6,20-24].
Consistent with the above, reversal of hepatic failure
has been described in CLD patients simultaneously suffering from liver disorders who followed a GFD[25]. On
the other hand, GFD did not always lead to complete
resolution of liver damage in all patients with CLD associated with liver disease[26-28].
This study on the occurrence of CLD and its serological markers in patients with various hepatic disorders
and in those who underwent liver transplantation in the
Czech Republic complements the serological screening
for CLD in the general population (blood donors) and
high-risk patients groups e.g., patients with osteoporosis, female infertility and some autoimmune diseases
including systemic lupus erythematosus, Sjögren’s syndrome and patients with connective tissue disorders in
the Czech population performed by Vanciková et al[29].
In the present study, we estimated, for the first time,
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A

B

C

D

E

F

G

H

I

Figure 1 Tissue transglutaminase expression in liver tissue specimens from patients. A: Specimens from patients simultaneously suffering from active celiac
disease and primary sclerosing cholangitis; B: Toxic hepatitis; C: Autoimmune hepatitis type Ⅰ; D: Patient with primary sclerosing cholangitis without celiac disease
(CLD); E: Steatosis without CLD; F, G: The basal tissue transglutaminase (tTG) expression in morphologically unaltered liver tissue surrounding colorectal adenocarcinoma metastasis; H: Negative control (no anti-tTG antibody); I: Isotype control (nonspecific mouse Immunoglobulin G1 antibody).

antibodies were also seropositive for the IgG isotype of
the antibodies, but seronegative for the remaining CLD
markers - antibodies against deamidated gliadin and endomysium. The antibody levels, as well as histological
changes in small intestine mucosa characteristic of CLD,

WJG|www.wjgnet.com

could have been affected by immunosuppressive treatment complicating the diagnosis of CLD in those patients who underwent liver transplantation[34]. This could
also be the reason for the difference in seropositivity
between cohorts of patients suffering from liver dis-
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ease and patients who underwent liver transplantation.
The putative reason for the development of anti-tTG
antibodies in patients who underwent liver transplantation could be overexpression of tTG in the graft during
repair and healing processes. However, our findings concerning the expression of tTG in liver and induction of
anti-tTG antibodies need further investigation. Nevertheless, the testing of CLD serological markers seems to
be useful in patients considered for liver transplantation.
In conclusion, we suggest that screening for CLD
may be beneficial not only in groups of patients with
well-known associated diseases (autoimmune hepatitis,
primary biliary cirrhosis, primary sclerosing cholangitis),
but also in patients with Wilson’s disease, where the relationship to CLD has not been fully analyzed.
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RESULTS: HER2 positivity was identified in 8 (27%)
carcinoma samples. We found that HER2 expression
was associated with p53 overexpression (100% vs
52.6% in pT1 tumor; 100% vs 54.5% in all stage tumor, P < 0.05) and protruding lesions at the early disease stage. There was no association between the mucin phenotype of the carcinomas and prognosis. HER2
expression and low clinical stage were unexpectedly
different between Barrett’s adenocarcinoma patients
and gastric cancer patients, but the macroscopic features may be associated with earlier diagnosis in these
patients.

Abstract

Tanaka T, Fujimura A, Ichimura K, Yanai H, Sato Y, Takata K,
Okada H, Kawano S, Tanabe S, Yoshino T. Clinicopathological characteristics of human epidermal growth factor receptor
2-positive Barrett's adenocarcinoma. World J Gastroenterol
2012; 18(43): 6263-6268 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v18/i43/6263.htm DOI: http://
dx.doi.org/10.3748/wjg.v18.i43.6263

CONCLUSION: Our results suggest that HER2-positive Barrett’s adenocarcinomas are associated with p53
overexpression and lesion protrusion at the early disease stage.
© 2012 Baishideng. All rights reserved.

Key words: Barrett’s adenocarcinoma; Human epidermal growth factor receptor 2; p53; Mucin phenotype
Peer reviewer: Elfriede Bollschweiler, Professor, Department

of Surgery, University of Cologne, Kerpener Strabe 62, 50935
Köln, Germany

AIM: To compare the clinicopathological characteristics
of human epidermal growth factor receptor 2 (HER2)positive and HER2-negative Barrett’s adenocarcinoma
in Japan.
METHODS: We performed immunohistochemical analysis of HER2 in 30 samples taken from patients with
Barrett’s adenocarcinoma and dual color in situ hybridization in cases showing 2+ reactions. We compared
the clinicopathological characteristics of HER2-positive
and HER2-negative patients.
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INTRODUCTION
Recent studies have shown that the incidence of Barrett’s
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adenocarcinoma has been increasing in Japan. Although
human epidermal growth factor receptor 2 (HER2) was
reported to be amplified and overexpressed in some Barrett’s adenocarcinomas, the relationship between HER2
expression and patient clinicopathological characteristics
has not yet been clarified.
The HER2 gene, a proto-oncogene, is located on
chromosome 17q11.2-12 and encodes the transmembrane glycoprotein receptor p185HER2 (or HER2), which
is targeted by the humanized monoclonal antibody
trastuzumab (Herceptin®)[1]. HER2 is amplified and overexpressed in approximately 25% of breast cancer patients, and is associated with an aggressive clinical course
and poor prognosis[2]. Recently, HER2 overexpression
and amplification was detected in approximately 22% of
advanced gastric cancers, and targeting of the extracellular domain of HER2 in these patients was associated
with improved clinical benefits compared with chemotherapy alone in a phase Ⅲ trial[3]. Several recent studies
have reported HER2 status in Barrett’s adenocarcinoma;
they observed a prevalence of HER2 protein overexpression or gene amplification in Barrett’s adenocarcinomas
ranging from 11% to 72%[4-8]. Lack of agreement among
these studies may be related to the differing sensitivities
of the assay methods used to assess HER2[9-13].
HER2 has been recognized as an important prognostic factor in breast cancer[2]. However, the clinicopathological characteristics of HER-positive Barrett’s
adenocarcinoma are controversial. In this study, we used
the criteria of the trastuzumab for gastric cancer (ToGA)
trial to evaluate the HER2 status of Barrett’s adenocarcinomas in Japan by clarifying the clinicopathological
characteristics of HER2-positive Barrett’s esophageal
adenocarcinomas and examining their morphological
immunohistochemical characteristics.

munohistochemical analyses. The following monoclonal
antibodies were used: p53 (DO-7; Dako, Glostrup, Denmark), MUC2 (Ccp58; Novocastra Laboratories, Newcastle upon Tyne, United Kingdom), MUC5AC (CLH2,
Novocastra Laboratories, Newcastle upon Tyne, United
Kingdom), MUC6 (CLH5; Novocastra Laboratories),
and CD10 (56C6; Dako). For the evaluation of p53
staining, only cells with nuclear immunostaining significantly more pronounced than that of the control cells of
the normal esophageal mucosa were considered positive.
MUC5AC and MUC6 are markers of gastric epithelial
cells, and MUC2 and CD10 are typical of the intestinal
epithelial cell phenotype[16]. Barrett’s adenocarcinoma, in
which more than 10% of the section area consisted of
at least 1 gastric or intestinal epithelial cell phenotype,
were classified as gastric (G type) or intestinal (I type)
phenotypic cancers. Those which showed both gastric
and intestinal phenotypes were classified as gastric and
intestinal mixed phenotypic (GI type) cancers, whereas
those showing neither gastric nor intestinal phenotypic
expression were grouped as unclassified (N type).
HER2 testing methods and criteria
HER2 protein expression was assessed in carcinoma
cells by immunohistochemistry (IHC) in paraffin-embedded 5-μm tissue sections according to the manufacturer’s
instructions (Ventana Ⅰ-VIEW pathway HER2/neu kit;
Ventana Medical Systems). Only cell membrane staining
was considered positive. Each case was analyzed by a pathologist blinded to the clinical outcome who used criteria specific to upper gastrointestinal cancer that included
2 parameters: (1) the intensity of complete, basolateral,
or lateral membrane staining (0, none; 1, faint; 2, weak to
moderate; and 3, strong); and (2) the percentage of cancer cells with a given staining intensity. These parameters
were used to determine the IHC score according to the
ToGA criteria: high (IHC 3+), strong intensity in 10%
or more of the cancer������������������������������
�����������������������������
cells; medium (IHC 2+), weak
to moderate intensity in 10% or more; low (IHC 1+),
faint intensity in 10% or more; absent (IHC 0). Dual
in situ hybridization (DISH) using a Ventana INFORM
HER2 ISH kit (Ventana Medical Systems) was used to
assess HER2 gene amplification in all IHC 2+ cases by
preparing the carcinoma cells in 5 µm tissue sections.
Briefly, for each case, a parallel hematoxylin and eosinstained slide was examined for regions of carcinoma by
a pathologist. The complete tissue section was scanned
by the pathologist to detect any subpopulation of amplified cells. A total of 20 representative nuclei from the
invasive tumor were scored. A specimen with a HER2/
centromeric enumeration probe 17 (CEP17) ratio of 2.0
or more in tumor cells was classified as HER2 amplified
according to the ToGA guidelines[17].

MATERIALS AND METHODS
Patients included in the study
Samples were collected from 30 patients who visited the
Okayama University Hospital between May 1998 and
March 2011. Histological sections and immunohistochemical results were reviewed to confirm the diagnosis. The definition of Barrett’s esophagus and Barrett’s
adenocarcinoma is controversial[14,15]. In this study, the
criterion for the clinical diagnosis of Barrett’s adenocarcinoma was that the tumor foci were located in Barrett’s
mucosa, which is also referred to as the columnar-lined
esophagus. The histological criterion was carcinoma
that presented or was in contact with Barrett’s mucosa,
defined as columnar-lined mucosa with or without intestinal-type epithelium. Clinical information was obtained
from the medical records of patients at Okayama University Hospital. The patients underwent a standardized
informed consent procedure.

Definition of HER2-positive status
A case was considered HER2 positive if it was (1) IHC
3+ or (2) IHC 2+ plus after gene amplification. The remaining cases (i.e., non-amplified IHC 2+ or IHC 0-1+)
were considered HER2 negative.

Immunohistochemistry
An automated immunostainer (Ventana Medical Systems,
Tucson, AZ, United States) was used to perform all im-
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A

Table 1 Patient and tumor characteristics
Characteristics
Male/female
Age, yr (mean ± SD)
Surgical resection/endoscopic resection
Location: Siewert Ⅰ/Ⅱ
Tumor size, mm (mean ± SD)
Depth of primary tumor: T1a/T1b/T2/T3/T4
Macroscopic appearance: 0-Ⅰ/0-Ⅱa/0-Ⅱb/0-Ⅱc/3
Histology: tub1/tub2
Histology tub1/tub2: mucin phenotype G/GI/I/N
p53: positive/negative

Values
20���
/10
71.1 ± 9.7
14/16
12���
/��
18
27.1 ± 19.9
13/13/1/2/1
8/8/1/11/3
21��
/9
7/12/8/3
20���
/10

B

G: Gastric phenotype; GI: Gastrointestinal phenotype; I: Intestinal phenotype; N: Null type.

Statistical analysis
A χ 2 test or Fisher’s exact test, depending on the sample
size, was used to examine categorical variables to compare the clinical characteristics of the different groups
of patients. The t-test was used to compare mean values.
SPSS Version 14.0 (SPSS, Chicago, IL, United States)
was used to analyze the data.

RESULTS

C

Characteristics of the studied population
The studied population consisted of 20 men and 10
women (male to female ratio = 2:1). Their ages ranged
from 42 to 87 years old. Sixteen lesions were identified
as protruded or superficial elevated types (type 0-Ⅰ or
type 0-Ⅱa), 1 lesion was identified as flat type (type 0-Ⅱ
b), and 11 lesions were identified as superficial depressed
type (type 0-Ⅱc). Three lesions were identified as Borrmann type 3. In accordance with the World Health
Organization’s classification standards, 21 patients (70%)
had well-differentiated tumors and 9 had moderately differentiated tumors (30%). According to the tumor-nodemetastasis classification, 13 patients were pT1a, 13 were
pT1b, 1 was pT2, 2 were pT3, and 1 was pT4a. All stage
pT3 and pT4 patients died from the disease, but the
other patients remained alive without suffering from the
disease. Taking into account the combination of expression of 4 markers, the 30 cancers were divided phenotypically into 7 G, 12 GI, 8 I, and 3 N types, independent
of the histological classification. Expression of p53 was
demonstrated in 20 (67%) of 30 cancers. The available
data for each patient are summarized in Table 1.

Figure 1 Immunohistochemical pattern of Barrett’s adenocarcinoma. A:
Immunohistochemistry (IHC) 3+ reaction in a well-differentiated tumor with
papillary growth pattern; B: IHC 2+ reaction in a well-differentiated tumor with
tubular pattern. Human epidermal growth factor receptor 2 (HER2) dual-color
in situ hybridization amplification HER2/ centromeric enumeration probe ratio =
3.18; C: IHC 0 reaction in a well-differentiated tumor.

or more in cancer cells was classified as HER2 amplified
(Figure 1B), consistent with the eligibility criteria for the
ToGA study. HER2 amplification was detected in 4 of
IHC 2+ cases.
We defined HER2 positivity as IHC 3+ or IHC 2+
with gene amplification, which were the characteristics
of the group that derived the greatest benefit from
trastuzumab in the ToGA study. The positive rate of
HER2 was 27% (Table 2).

Expression of HER2
Of the 30 patients diagnosed with Barrett’s adenocarcinoma, stained sections in 4 cases (13%) were classified
as IHC 3+ (Figure 1A), 6 cases (20%) were IHC 2+
(Figure 1B), 4 cases (13%) were IHC 1+, and 16 cases
(53%) were IHC 0 (Figure 1C). Criteria developed for
the evaluation of upper gastrointestinal tract carcinoma
were used to score the HER2-stained samples. DISH
was used to assess HER2 gene amplification in 6 IHC
2+ cases. A specimen with a HER2/CEP17 ratio of 2.0
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Association of HER2 with clinicopathological features
HER2-positive adenocarcinomas were present in 4 men
and 4 women. The patients ranged in age from 52 to 80
years. Six cases were the protruded or superficially elevated types (0-Ⅰ or 0-Ⅱa). Three tumors were located in
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Table 2 Comparison of pT1 tumor and all stage tumor characteristics
pT1 tumor
Male/female
Age, yr (mean ± SD)
Location: Siewert Ⅰ/Ⅱ
Tumor size, mm (mean ± SD)
Depth of primary tumor: T1a/T1b
Macroscopic appearance: 0-Ⅰ/0-Ⅱa/0-Ⅱb/0-Ⅱc
Histology: tub1/tub2
Mucin phenotype: G/GI/I/N
p53: positive/negative

All stage tumor

HER2+

HER2-

HER2+ (27%)

HER2- (73%)

3��
/�
4
70.6 ± 9.9
3��
/�
4
20.6 ± 17.7
3��
/�
4
3/3/0/1
7��
/�
1
4/2/1/0
7/0

13��
/6
71.4 ± 10.8
11���
/��
18
23.9 ± 16.6
10��
/�
9
4/4/1/10
14��
/5
3/9/6/1
10��
/�
9

4��
/�
4
70.3 ± 9.2
3��
/�
5
23.6 ± 18.5
3/4/0/0/1
3/3/0/1/1
7��
/�
1
4/2/2/0
8/0

16��
/6
71.4 ± 10.0
9���
/��
13
28.3 ± 20.7
10/9/1/2/0
4/5/1/10/2
14��
/8
3/10/6/3
12���
/��
10

The human epidermal growth factor receptor 2 (HER2)-positive cases were significantly associated with protruding lesions compared with the HER2negative cases (P < 0.05), and the p53-positivity rate was more common in the HER2-positive tumors (P < 0.05). G: Gastric phenotype; GI: Gastrointestinal
phenotype; I: Intestinal phenotype; N: Null type.

noses[19]. The influence and criteria of HER2 expression
may still be controversial. In this study, there were no
prognostic differences between the HER2-positive and
HER2-negative cases. Except for the pT3 and pT4 patients, most patients were early stage and remained alive
without disease. Thus, the prognostic significance of
HER2 expression was not clarified in this study.
Barrett’s adenocarcinoma is thought to develop as a
result of gastroesophageal reflux that initiates a metaplastic change in the lower esophageal epithelium. Barrett’s esophagus is significant because the condition has a
risk for neoplastic transformation through a metaplasiadysplasia-carcinoma sequence. In Western populations,
there has been an increase in the incidence of adenocarcinoma of the esophagus and esophagogastric junction
region. In Japan, esophageal Barrett’s adenocarcinomas
are less common than in Western countries. However,
in recent years there has been a gradual increase in the
detection of both Barrett’s esophagus and Barrett’s adenocarcinoma[12]. Traditionally, Barrett’s adenocarcinoma
has been believed to be preceded by the development of
dysplasia with intestinal characteristics. Recently, Brown
et al[13] and Park et al[20] validated the existence of 2 main
types of dysplasia (i.e., foveolar and adenomatous) which
were significantly associated with gastric and intestinal
immunophenotypic markers. Khor et al[21] suggested that
non-intestinal columnar metaplasia may be an unstable
intermediate state at risk for neoplastic progression. In
this study, we evaluated the mucin phenotype of Barrett’
s adenocarcinoma and found that more than half of the
cases were grouped as gastric and mixed phenotypes.
This result suggests the presence of a gastric pathway of
carcinogenesis in Barrett’s esophagus. Heterogeneity of
HER2 status was seen in approximately 80% of samples
with moderate or strong HER2 IHC reactivity, which
was higher than that observed in breast cancer. There
were only 2 diffusely strong positive cases. In our study,
heterogeneity of HER2 overexpression and gene amplification appeared to represent clusters, and the intensity
of IHC staining within clusters was relatively uniform.
The IHC staining patterns and gene amplification ap-

the Siewert I region and 5 in the Siewert Ⅱ region. The
mean tumor size was 23.6 mm (11-60 mm). Of the pT1
cases, HER2-positive cases were significantly more associated with protruding lesions compared with HER2negative cases (P < 0.05) (Table 2). Seven cases had
well-differentiated tumors, and 1 case had a moderatelydifferentiated tumor. In the mucin phenotypical analysis,
4 cases were G type, 2 cases GI type, and 2 cases were I
type; there were no significant differences in mucin phenotypes between the HER2-positive and HER2-negative
cases. The p53 positivity rate was higher in the HER2positive tumors than in the HER2-negative tumors (P
< 0.05) (Table 2). There were no prognostic differences
between the HER2-positive and HER2-negative cases.

DISCUSSION
In this study, we confirmed that 27% Barrett’s adenocarcinomas in Japanese patients were HER2 positive.
We also found that early-stage HER2-positive Barrett’s
adenocarcinomas were significantly associated with protruding lesions and had a high rate of p53 positivity.
Previous studies that have examined HER2 status
in Barrett’s adenocarcinoma observed a prevalence of
HER2 protein overexpression or gene amplification
ranging from 11% to 72%[4-8]. Except for 1 study, the
lack of agreement among these studies may have been
related to the differing sensitivities of the assay methods
used to assess HER2. Various antibodies and probes for
in situ hybridization were used, and the test conditions
also were not standardized. In this study, the HER2 tests
were performed according to the criteria of the ToGA
trial, which is the standard test for HER2 status of gastric cancer. Brien et al[18] used fluorescence in situ hybridization to evaluate HER2 amplification and reported a
significant association between amplification and poorer
survival. However, in the present study, a low threshold
of 4 or more signals per nucleus was used to determine
HER2 amplification. On the other hand, according to
the ToGA criteria, HER2-positive esophageal adenocarcinomas with Barrett’s esophagus had favorable prog-
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suggest that HER2-positive Barrett’s adenocarcinomas are associated with p53
overexpression and lesion protrusion at the early disease stage.

peared correlated.
Seven (23%) of the 30 studied cases were the pure
gastric mucin phenotype, and 12 cases were the mixed
phenotype. In these cases, the background Barrett’s
mucosa also showed the foveolar type with or without
specialized columnar epithelium (intestinal type mucosa).
Carcinogenesis of complete gastric type adenocarcinomas is derived from foveolar type dysplasia with aneuploidy[22], and intestinal type carcinomas were regarded as
progressing through the metaplasia-dysplasia-carcinoma
sequence, with p53 alteration[23]. In this study, HER2positive carcinomas showed both gastric and intestinal
phenotypes. It is believed that p53 has an important role
in intestinal-type Barrett’s adenocarcinoma; however, p53
overexpression was observed in all HER2-positive cases
regardless of mucin phenotype. These results suggest
a third pathway involving abnormalities of both HER2
and p53. Gastric adenocarcinoma is also significantly
correlated with HER2 positivity[24-26]. These data suggest
a possible role of p53 abnormality in the development
of HER2-positive adenocarcinoma of the upper gastrointestinal tract.
The macroscopic appearance of HER2-positive Barrett’s adenocarcinomas was different from that of the
HER2-negative cases in early-stage disease (pT1). The
frequency of protruding lesions was significantly higher
in the HER2-positive cases than in HER2-negative cases.
Ten cases of HER2-negative adenocarcinomas were the
protruded type, 9 cases were mixed or intestinal mucin
phenotypes, and only 1 case was the gastric phenotype.
Thus, protruded-type lesions of the complete gastric
phenotype can indicate HER2-positive status.
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BRIEF ARTICLE

Gd-EOB-DTPA-enhanced magnetic resonance imaging
features of hepatic hemangioma compared with enhanced
computed tomography
Akihiro Tateyama, Yoshihiko Fukukura, Koji Takumi, Toshikazu Shindo, Yuichi Kumagae, Kiyohisa Kamimura,
Masayuki Nakajo
The degree of contrast enhancement at the enhancing
portion within the hemangioma was visually assessed
using a five-point scale during each phase. For quantitative analysis, the tumor-muscle signal intensity ratio
(SIR), the liver-muscle SIR, and the attenuation value
of the tumor and liver parenchyma were calculated. The
McNemar test and the Wilcoxon’s signed rank test were
used to assess the significance of differences in the appearances of hemangiomas and in the visual grade of
tumor contrast enhancement between Gd-EOB-DTPAenhanced MRI and enhanced CT.
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RESULTS: There was no significant difference between
Gd-EOB-DTPA-enhanced MRI and enhanced CT in the
presence of peripheral nodular enhancement (85%
vs 82%), central nodular enhancement (3% vs 3%),
diffuse enhancement (11% vs 16%), or arterioportal
shunt (23% vs 34%) during arterial phase, or fill-in enhancement (79% vs 80%) during portal venous phase.
Prolonged enhancement during equilibrium phase was
observed less frequently on Gd-EOB-DTPA-enhanced
MRI than on enhanced CT (52% vs 100%, P < 0.001).
On visual inspection, there was significantly less contrast enhancement of the enhancing portion on GdEOB-DTPA-enhanced MRI than on enhanced CT during
the arterial (3.94 ± 0.98 vs 4.57 ± 0.64, respectively,
P < 0.001), portal venous (3.72 ± 0.82 vs 4.36 ± 0.53,
respectively, P < 0.001), and equilibrium phases (2.01
± 0.95 vs 4.04 ± 0.51, respectively, P < 0.001). In the
quantitative analysis, the tumor-muscle SIR and the liver-muscle SIR observed with Gd-EOB-DTPA-enhanced
MRI were 0.80 ± 0.24 and 1.28 ± 0.33 precontrast,
1.92 ± 0.58 and 1.57 ± 0.55 during the arterial phase,
1.87 ± 0.44 and 1.73 ± 0.39 during the portal venous
phase, 1.63 ± 0.41 and 1.78 ± 0.39 during the equilibrium phase, and 1.10 ± 0.43 and 1.92 ± 0.50 during
the hepatobiliary phase, respectively. The attenuation
values in the tumor and liver parenchyma observed

Abstract
AIM: To clarify features of hepatic hemangiomas on
gadolinium-ethoxybenzyl-diethylenetriaminpentaacetic
acid (Gd-EOB-DTPA)-enhanced magnetic resonance
imaging (MRI) compared with enhanced computed tomography (CT).
METHODS: Twenty-six patients with 61 hepatic hemangiomas who underwent both Gd-EOB-DTPA-enhanced
MRI and enhanced CT were retrospectively reviewed.
Hemangioma appearances (presence of peripheral
nodular enhancement, central nodular enhancement,
diffuse homogenous enhancement, and arterioportal
shunt during the arterial phase, fill-in enhancement
during the portal venous phase, and prolonged enhancement during the equilibrium phase) on Gd-EOBDTPA-enhanced MRI and enhanced CT were evaluated.
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images and delayed hepatobiliary phase images. Immediately after injection, Gd-EOB-DTPA is distributed
into the extracellular fluid space and yields additional
diagnostic information for the characterization of liver
lesions, similar to performing MRI with extracellular
contrast agents, such as Gd-DTPA[13]. Hepatocellular
uptake of Gd-EOB-DTPA starts approximately 90 s after injection, and Gd-EOB-DTPA is excreted equally via
the biliary route and renal clearance[11,12]. The enhanced
liver signal intensity plateaus approximately 20 min after
injection, and delayed hepatobiliary phase images have
high diagnostic quality for the detection of focal liver lesions[11].
Some studies have shown that Gd-EOB-DTPAenhanced MRI is more useful than enhanced CT and
Gd-DTPA-enhanced MRI for the detection and characterization of focal liver lesions[8,10-12,14]. The dynamic
images obtained after injection of Gd-EOB-DTPA are
similar in some aspects but not the same as those images obtained using extracellular contrast agents[11,12,14,15].
Recently, the differences in the appearances of GdEOB-DTPA-enhanced MRI between hemangiomas and
metastases have been reported[16,17]. To our knowledge,
however, published reports regarding the findings of
hemangiomas observed with Gd-EOB-DTPA-enhanced
MRI have been limited[9,16-19]. Moreover, the appearance
and the degree of contrast enhancement of hepatic
hemangiomas observed with Gd-EOB-DTPA-enhanced
MRI compared with enhanced CT have not been elucidated. Therefore, the purpose of the present study was
to clarify the features of hepatic hemangiomas observed
with Gd-EOB-DTPA-enhanced MRI compared with
enhanced CT.

with enhanced CT were 40.60 ± 8.78 and 53.78 ± 7.37
precontrast, 172.66 ± 73.89 and 92.76 ± 17.92 during
the arterial phase, 152.76 ± 35.73 and 120.12 ± 18.02
during the portal venous phase, and 108.74 ± 18.70
and 89.04 ± 7.25 during the equilibrium phase, respectively. Hemangiomas demonstrated peak enhancement
during the arterial phase, and both the SIR with GdEOB-DTPA-enhanced MRI and the attenuation value
with enhanced CT decreased with time. The SIR of
hemangiomas was lower than that of liver parenchyma
during the equilibrium and hepatobiliary phases on GdEOB-DTPA-enhanced MRI. However, the attenuation of
hemangiomas after contrast injection was higher than
that of liver parenchyma during all phases of enhanced
CT.
CONCLUSION: Prolonged enhancement during the
equilibrium phase was observed less frequently on GdEOB-DTPA-enhanced MRI than enhanced CT, which
may exacerbate differentiating between hemangiomas
and malignant tumors.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Patients
Institutional ethics review board approval was obtained,
and informed consent was waived for this retrospective study. From February 2008 to February 2010,
432 consecutive patients underwent Gd-EOB-DTPAenhanced MRI for the evaluation of suspected liver
tumors. Among these patients, 27 were included in this
study because they were suspected of having hepatic
hemangiomas on three-phase enhanced CT with at least
three of the following four well-documented CT characteristic findings of hepatic hemangiomas[4-7]: relative
hypoattenuation compared to normal liver on precontrast images, peripheral nodular enhancement during the
arterial phase, fill-in enhancement (progressive opacification from the periphery to the center) during the portal
venous phase, and prolonged enhancement (showing
iso- or hyperattenuation relative to the liver) during the
equilibrium phase. One patient was excluded from the
study because the hemangioma did not have the typical
appearance of bright signal intensity on T2-weighted
MRI [20]. Therefore, the final study group comprised
26 patients (8 men, 18 women; age range: 31-77 years;

INTRODUCTION
Hepatic hemangioma is the most common benign hepatic neoplasm; it occurs with a reported incidence of
0.4%-7.3% in an autopsy series[1]. Differentiation from
malignant liver tumors is very important because hemangiomas usually do not require treatment[2]. Enhanced
computed tomography (CT) and gadolinium-diethylenetriaminepentaacetic acid (Gd-DTPA)-enhanced magnetic
resonance imaging (MRI) are useful modalities for the
diagnosis of hepatic hemangiomas and their differentiation from malignant liver tumors[3-7].
Gadolinium-ethoxybenzyl-diethylenetriaminpentaacetic acid (Gd-EOB-DTPA) is a new hepatobiliary
contrast agent that improves the detection and characterization of focal liver lesions in clinical studies[8-12].
This contrast agent exhibits high T1 relaxivity in the liver
and shows enhancement on both early perfusion phase
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mean age: 53.5 years) with 61 hepatic hemangiomas (size:
mean, 26 mm; range 5-120 mm). Four hemangiomas in
two patients were diagnosed by histological examination following surgical resections because of the risk of
spontaneous rupture.

terial with an iodine concentration of 300 mg I/mL was
injected over a fixed duration of 30 s, followed by 20 mL
of saline was injected at the same rate through a 20-gauge
plastic intravenous catheter in an upper extremity vein.
Automatic bolus tracking was employed using Sure Start
software (Toshiba, Tokyo, Japan) to determine individual
scan delays from the injection of the contrast material to
commencement of the first pass. For bolus tracking, a
series of nonhelical sequential images were obtained 8 s
after contrast material administration. These images were
acquired with a gantry rotation speed of 0.5 s and a lowdose radiation technique (120 kVp, 50 mA). A circular
region of interest with an area of 50 pixels was placed in
the aorta at the level of the celiac axis. The arterial phase
scan was initiated automatically 20 s after the bolustracking program detected the threshold enhancement of
50 Hounsfield units in the aorta. The portal venous and
equilibrium phases were obtained 70 s and 300 s, respectively, after the beginning of contrast material injection.

MRI technique
MRI was performed with a 3-T system (Magnetom Trio;
Siemens AG, Erlangen, Germany) with a maximum gradient amplitude of 45 mT/m and a slew rate of 200 T/
m.s-1. The coil had four linear elements in a left-to-right
direction for both the anterior and posterior components. The standard sequences performed prior to GdEOB-DTPA administration included T1-weighted gradient-echo, T2-weighted turbo spin-echo, and respiratorytriggered with navigator-echo technique fat-suppressed
T2-weighted turbo spin-echo. Dynamic images using a
three-dimensional (3D) fat-suppressed T1-weighted gradient-echo volumetric interpolated breath-hold examination (VIBE) axial series were obtained before and after
intravenous contrast injection. The image parameters
were as follows: repetition time/echo time, 3.06/1.12;
flip angle, 10°; slice thickness, 2 mm; field of view, 350
mm × 280 mm; matrix, 256 × 224; acceleration factor,
2; number of partitions, 80; and acquisition time, 20 s.
Before dynamic MRI, a test dose of 1 mL of Gd-EOBDTPA was injected at a rate of 1 mL/s through a cubital
intravenous line, and the bolus was flushed with 40 mL
saline using a power injector. During the test injection,
the image at the level of the celiac axis in which the
aorta was enhanced the most was chosen, and its acquisition time was adopted as the peak aortic enhancement
time. For dynamic MRI, 0.025 mmol/kg body weight
of Gd-EOB-DTPA was intravenously administered at a
flow rate of 1 mL/s, followed by a 40-mL saline solution
flush. Breath-hold 3D fat-suppressed T1-weighted VIBE
dynamic MRI was repeated at 10 s (arterial phase), 50 s
(portal venous phase), 160 s (equilibrium phase), and 20
min (hepatobiliary phase) after the peak aortic enhancement time, which was determined by the test injection.
In this study, only precontrast, arterial, portal venous,
equilibrium, and hepatobiliary phase T1-weighted VIBE
images were evaluated.

Image analysis
Gd-EOB-DTPA-enhanced MRI and enhanced CT images were qualitatively and quantitatively assessed. Three
radiologists (Takumi� K���������������
����������������
, Shindo T and ��������
Kumagae ��������
Y, with
10, 10 and 9 years of experience, respectively) with
knowledge of the diagnosis of hepatic hemangioma assessed the following MRI and CT features in random
order on two occasions with an interval of ≥ 2 wk:
presence of peripheral nodular enhancement, central
nodular enhancement, diffuse homogenous enhancement, and arterioportal shunt during the arterial phase,
fill-in enhancement during the portal venous phase, and
prolonged enhancement during the equilibrium phase.
In the case of discrepancies between the three readers,
the discrepancies were discussed during an additional
reading session until a consensus was reached.
To assess the visual grades of tumor contrast enhancement relative to the surrounding liver parenchyma,
the above three radiologists independently determined
the degree of contrast enhancement in the enhancing
portion of the hemangioma during each phase using
the following five-grade scale: grade 5, a prominently
greater enhancement than in the liver parenchyma;
grade 4, a mildly greater enhancement than in the liver
parenchyma; grade 3, an equal enhancement to the liver
parenchyma; grade 2, a slightly decreased enhancement
compared with the liver parenchyma; and grade 1, a
prominently decreased enhancement compared with the
liver parenchyma (Figure 1).
For quantitative analysis, one radiologist (Tateyama
A, with 8 years of experience) who did not attend each
reading session to minimize the bias of the measurements measured signal intensities of the enhancing
portion of the hemangioma, liver parenchyma, and paravertebral muscle on Gd-EOB-DTPA-enhanced MRI
and attenuation of the enhancing portions of the hemangioma and liver parenchyma on enhanced CT using
operator-defined circular region of interests (ROIs). In

CT technique
Three-phase enhanced CT was performed with a 16-slice
multidetector-row CT scanner (Aquilion, Toshiba Medical Systems, Tokyo, Japan). All scans were conducted
from the top to the bottom of the liver with a tube
voltage of 120 kVp and gantry rotation speed of 0.5 s.
Unenhanced images were acquired using the following
parameters: tube current, 350 mA; detector row configuration, 16 mm × 2 mm; and table increment, 30 mm/rotation. The imaging parameters for three-phase enhanced
images were as follows: tube current, 440 mA; detector
row configuration, 16 mm × 1 mm; and table increment,
15 mm/rotation in the cephalocaudal direction. In all
patients, 2 mL/kg body weight of nonionic contrast ma-
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B

C
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Figure 1 A 49-year-old man with hepatic hemangioma. The arterial, portal venous, and equilibrium phases on enhanced computed tomography and gadoliniumethoxybenzyl-diethylenetriaminpentaacetic acid-enhanced magnetic resonance imaging. A: The hemangioma (arrow) shows peripheral nodular enhancement, and
the enhancement degree was classified as visual grade 5 (prominently greater enhancement than in the liver parenchyma); B: The hemangioma (arrow) shows fill-in
enhancement, and the enhancement degree was classified as visual grade 5 (prominently greater enhancement than in the liver parenchyma); C: The hemangioma
(arrow) shows prolonged enhancement, and the enhancement degree was classified as visual grade 4 (mildly greater enhancement than in the liver parenchyma); D:
The hemangioma (arrow) shows peripheral nodular enhancement, and the enhancement degree was classified as visual grade 4 (mildly greater enhancement than in
the liver parenchyma); E: The hemangioma (arrow) shows fill-in enhancement, and the enhancement degree was classified as visual grade 4 (mildly greater enhancement than in the liver parenchyma); F: The hemangioma (arrow) did not show prolonged enhancement, and the enhancement degree was classified as visual grade 1
(prominently decreased enhancement compared with the liver parenchyma).

the enhancing portion of the hemangioma during each
phase, the largest possible ROIs were selected to measure signal intensity and attenuation. The ROIs of the
liver parenchyma at the level of the hilum of the liver
were 100-200 mm2 in size and were drawn in the lateral,
anterior, and posterior segments, avoiding blood vessels
and artifacts; the intensity and attenuation measurements
were averaged. The ROIs of paravertebral muscle were
100 mm2 in size. The tumor-muscle and liver-muscle signal intensity ratios (SIRs) were calculated respectively by
dividing the signal intensity of the enhancing portion of
the hemangioma and the liver by the signal intensity of
the paravertebral muscle. The tumor-liver contrast (TLC)
on Gd-EOB-DTPA-enhanced MRI was calculated with
the following equation: TLC = (signal intensity of the
enhancing portion - signal intensity of the liver parenchyma)/signal intensity of the paravertebral muscle. The
TLC on enhanced CT was calculated as the difference in
attenuation between the enhancing portion of the hemangioma and the liver parenchyma.

of differences in the appearances of hemangiomas between Gd-EOB-DTPA-enhanced MRI and enhanced
CT. The Wilcoxon’s signed rank test was used to assess
the significance of differences in the visual grade of
tumor contrast enhancement between Gd-EOB-DTPAenhanced MRI and enhanced CT. To assess interobserver variability in the visual analysis of tumor contrast
enhancement, the weighted κ test of concordance was
applied to measure the degree of agreement between
the three radiologists. Agreement was graded as poor (κ
value < 0.20), moderate (≥ 0.20 and <0.40), fair (≥ 0.40
and < 0.60), good (≥ 0.60 and < 0.80), or very good (≥
0.8-1). The relationship between the visual grades of tumor contrast enhancement and TLC was analyzed using
the Spearman rank correlation coefficient (Rs). For all
statistical analyses, P < 0.05 was considered significant.

RESULTS
There were no significant differences between GdEOBDTPA-enhanced MRI and enhanced CT in the presence
of peripheral nodular enhancement (85% vs 82%), central nodular enhancement (3% vs 3%), diffuse enhancement (11% vs 16%), or arterioportal shunt (23% vs 34%)
during the arterial phase. There was also no difference

Statistical analysis
Statistical analyses were performed using SPSS 14.0
software for Windows (SPSS Version 14.0, Chicago, IL).
The McNemar test was used to assess the significance

WJG|www.wjgnet.com

6272

November 21, 2012|Volume 18|Issue 43|

Tateyama A et al . Gd-EOB-DTPA-enhanced MRI of hepatic hemangioma

A

Table 1 Appearances and visual grades of tumor contrast
enhancement of hemangiomas on gadolinium-ethoxybenzyldiethylenetriaminpentaacetic acid-enhanced magnetic resonance imaging and enhanced computed tomography

Gd-EOBDTPAenhanced
MRI
Peripheral nodular enhancement
Central nodular enhancement
Diffuse homogenous enhancement
Arterioportal shunt
Fill-in enhancement
Prolonged enhancement
Visual grade
Arterial phase
Portal venous phase
Equilibrium phase

SIR

Tumors

Tumor-muscle
Liver-muscle

2.00

P value

Enhanced
CT

●

●

●

1.50
●

1.00
●

1

52 (85)
2 (3)
7 (11)
14 (23)
48 (79)
32 (52)

50 (82)
2 (3)
10 (16)
21 (34)
49 (80)
61 (100)

0.754
1.0001
0.5081
0.0651
1.0001
< 0.0011

3.94 ± 0.98
3.72 ± 0.82
2.01 ± 0.95

4.57 ± 0.64
4.36 ± 0.53
4.04 ± 0.51

< 0.0012
< 0.0012
< 0.0012

0.50

PRE

AR

PV
Phase

EQ

HB

B

Tumor
Liver parenchyma
200

Attenuation value (HU)

Appearance

2.50

Data are presentd as mean ± SD or n (%). 1P value between gadolinium-ethoxybenzyl-diethylenetriaminpentaacetic acid (Gd-EOB-DTPA)-enhanced
magnetic resonance imaging (MRI) and enhanced computed tomography
(CT) by a McNemar test; 2P value between Gd-EOB-DTPA-enhanced MRI
and enhanced CT by a Wilcoxon’s signed rank test.

●
●

●

100

●

0

in fill-in enhancement (79% vs 80%, respectively) during the portal venous phase. Prolonged enhancement
during the equilibrium phase was observed significantly
less frequently on Gd-EOB-DTPA-enhanced MRI than
on enhanced CT (52% vs 100%, respectively, P < 0.001)
(Table 1).
The visual grade of tumor contrast enhancement
was significantly less on Gd-EOB-DTPA-enhanced MRI
than enhanced CT during the arterial phase (3.94 ± 0.98
vs 4.57 ± 0.64, respectively, P < 0.001), the portal venous
phase (3.72 ± 0.82 vs 4.36 ± 0.53, respectively, P < 0.001),
and the equilibrium phase (2.01 ± 0.95 vs 4.04 ± 0.51, respectively,� P < 0.001) (Table 1). There was good interobserver agreement for the visual grade of tumor contrast
enhancement, with weighted κ values ranging from 0.59
to 0.92.
In the quantitative analysis, the tumor-muscle SIR
and the liver muscle SIR observed with Gd-EOBDTPA-enhanced MRI were, respectively, 0.80 ± 0.24
and 1.28 ± 0.33 precontrast, 1.92 ± 0.58 and 1.57 ± 0.55
during the arterial phase, 1.87 ± 0.44 and 1.73 ± 0.39
during the portal venous phase, 1.63 ± 0.41 and 1.78 ±
0.39 during the equilibrium phase, and 1.10 ± 0.43 and
1.92 ± 0.50 during the hepatobiliary phase (Figure 2A).
The attenuation values in the tumor and liver parenchyma observed with enhanced CT were, respectively, 40.60
± 8.78 and 53.78 ± 7.37 precontrast, 172.66 ± 73.89 and
92.76 ± 17.92 during the arterial phase, 152.76 ± 35.73
and 120.12 ± 18.02 during the portal venous phase, and
108.74 ± 18.70 and 89.04 ± 7.25 during the equilibrium
phase (Figure 2B). Hemangiomas demonstrated peak
enhancement during the arterial phase, and both the SIR
observed with Gd-EOB-DTPA-enhanced MRI and the
attenuation value observed with enhanced CT decreased
with time. The SIR of hemangiomas was lower than
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PRE

AR

PV
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Phase

Figure 2 Temporal profiles of the signal intensity ratios on gadoliniumethoxybenzyl-diethylenetriaminpentaacetic acid-enhanced magnetic
resonance imaging and the attenuation values on enhanced computed
tomography. A: Tumor-muscle and liver-muscle signal intensity ratios (SIRs)
before and after gadolinium-ethoxybenzyl-diethylenetriamin-pentaacetic acid
(Gd-EOB-DTPA) injection; B: The attenuation values in the tumor and liver parenchyma before and after nonionic contrast material injection. Tumor-muscle
SIR = signal intensity of the hemangiomas/signal intensity of the paravertebral
muscle; Liver-muscle SIR = signal intensity of the liver parenchyma/signal intensity of the paravertebral muscle. PRE: Precontrast scan; AR: Arterial phase;
PV: Portal venous phase; EQ: Equilibrium phase; HB: Hepatobiliary phase; HU:
Hounsfield unit.

the SIR of liver parenchyma during the equilibrium and
hepatobiliary phases observed with Gd-EOB-DTPAenhanced MRI (Figure 2). The TLC observed with GdEOB-��������������������������������������������
DTPA-enhanced
�������������������������������������������
MRI were -0.48 ± 0.20 precontrast, 0.35 ± 0.53 during the arterial phase, 0.15 ± 0.43
during the portal venous phase, and -0.15 ± 0.28 during
the equilibrium phase. In comparison, the TLC observed
with enhanced CT were -13.18 ± 7.79 precontrast, 79.9
± 35.9 during the arterial phase, 32.6 ± 17.4 during the
portal venous phase, and 19.7 ± 13.5 during the equilibrium phase. The visual assessment of tumor contrast
enhancement correlated well with the TLC in the quantitative analysis of both Gd-EOB-DTPA-enhanced MRI
and enhanced CT, with Rs values ranging from 0.45 to
0.71 (all P < 0.001).

DISCUSSION
Enhanced CT and Gd-DTPA-enhanced MRI findings
of hepatic hemangiomas have been well documented in
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MRI[16,17]. This difference in the presence of prolonged
enhancement on Gd-EOB-DTPA-enhanced MRI may
be explained by differences in case selection. In addition,
on enhanced CT, once the regions in the hemangioma
enhance during the arterial phase, they also show prolonged enhancement[25]. In the present study, prolonged
enhancement was observed on enhanced CT in all 61
hemangiomas, whereas Gd-EOB-DTPA-enhanced MRI
showed prolonged enhancement only in 52% of the
hemangiomas. The contrast enhancement was significantly reduced when using Gd-EOB-DTPA-enhanced
MRI instead of enhanced CT. Ringe et al[18] reported that
hemangiomas appear iso- or hypointense compared to
the liver parenchyma during the equilibrium and hepatobiliary phases on Gd-EOB-DTPA-enhanced MRI. They
suggest that this reduction is because of Gd-EOB-DTPA uptake in the surrounding normal liver parenchyma,
the lower gadolinium dose, and the shorter plasma halflife of Gd-EOB-DTPA. Hemangiomas showing diffuse
homogenous enhancement during the arterial phase can
be differentiated from hypervascular malignant tumors
on enhanced CT and Gd-DTPA-enhanced MRI because
hemangiomas show isoattenuation or hyperattenuation
relative to the liver parenchyma during the equilibrium
phase[3,22,25]. In the present study, however, none of the
hemangiomas with diffuse homogenous enhancement
during the arterial phase showed prolonged enhancement during the equilibrium phase of Gd-EOB-DTPAenhanced MRI. Moreover, 22 (40%) of 54 hemangiomas
without diffuse enhancement during the arterial phase
did not show prolonged enhancement during the equilibrium phase of Gd-EOB-DTPA-enhanced MRI. Hypovascular metastatic tumors show relatively low signal
intensity during the equilibrium phase of Gd-EOBDTPA-enhanced MRI[9,11,16]. Therefore, the present results suggest that it may be difficult to differentiate hemangiomas from malignant tumors such as hepatocellular
carcinomas and metastatic tumors on Gd-EOB-DTPAenhanced MRI because approximately half the hemangiomas exhibited relatively low signal intensity during
the equilibrium phase. Enhanced MRI with extracellular
contrast agents, such as Gd-DTPA, may be more useful for the diagnosis of hepatic hemangiomas. However,
Gd-EOB-DTPA-enhanced MRI is widely used for evaluating the presence of hepatocellular carcinoma or metastasis in patients with liver cirrhosis or an extrahepatic
malignancy because of its higher detectability compared
with Gd-DTPA-enhanced MRI[11,12]. The differentiation
of hemangioma from HCC or metastases on Gd-EOBDTPA-enhanced MRI is frequently required in a clinical
practice.
The present study has several potential limitations.
First, pathological proof was obtained only for four
hemangiomas and was not obtained for the majority of
the lesions. Tissue biopsies were not obtained because
hemangiomas are benign lesions and usually do not
require invasive procedures. Therefore, case selection
depended solely on imaging findings, but the typical

many reports, and the dynamic characteristics observed
using both modalities are similar[3-7]. The typical findings
of hepatic hemangioma on enhanced CT are hypoattenuation similar to the attenuation of vessels on precontrast images, peripheral nodular enhancement during
the arterial phase, fill-in enhancement during the portal
venous phase, and prolonged enhancement during the
equilibrium phase[4-7].
In previous reports, peripheral nodular enhancement
during the arterial phase was identified in 55%-87% of
hemangiomas[4,5,7,21],and fill-in enhancement during the
portal venous phase was observed in 59-96% of hemangiomas observed with enhanced CT[4,5,7,22,23]. In the
present study, peripheral nodular enhancement during
the arterial phase and fill-in enhancement during the
portal venous phase on enhanced CT were observed
in 50 (82%) and 49 (80%) of 61 hemangiomas, respectively. Goshima et al[16] reported that peripheral nodular
enhancement with fill-in enhancement was observed in
28% who underwent Gd-EOB-DTPA-enhanced MRI.
To our knowledge, no reports have compared the GdEOB-DTPA-enhanced MRI findings of hemangiomas
with enhanced CT. In the present study, peripheral
nodular enhancement was identified in 52 (85%) and fillin enhancement was shown in 48 (79%) of 61 hemangiomas visualized with Gd-������������������������
�����������������������
EOB-DTPA-enhanced MRI.
No significant differences were observed in the presence
of peripheral nodular and fill-in enhancement between
Gd-EOB-DTPA-enhanced MRI and enhanced CT.
In the quantitative analysis, enhanced portions of the
hemangiomas demonstrated peak contrast enhancement
during the arterial phase, and the contrast enhancement
decreased with time on both Gd-EOB-DTPA-enhanced
MRI and enhanced CT. However, tumor contrast enhancement during the arterial and portal venous phases
was significantly reduced on Gd-EOB-DTPA-enhanced
MRI compared with enhanced CT by both visual assessment and quantitative analysis. This result may be
influenced by the lower gadolinium dose used with GdEOB-DTPA[12,14].
Hemangiomas showing diffuse homogenous enhancement during the arterial phase can mimic hypervascular malignant tumors such as hepatocellular carcinomas or hypervascular metastases[21,22,24,25]. In previous
reports, diffuse homogenous enhancement during the
arterial phase was observed in 8%-35% of hemangiomas on enhanced CT [22,24] and 34% on Gd-EOBDTPA-enhanced MRI[16]. In the present study, diffuse
homogenous enhancement during the arterial phase was
observed in 10 (16%) and 7 (11%) of 61 hemangiomas
on enhanced CT and Gd-EOB-DTPA-enhanced MRI,
respectively. There were no significant differences between Gd-EOB-DTPA-enhanced MRI and enhanced
CT in this respect.
Prolonged enhancement during the equilibrium phase
is present in approximately 59%-96% of hemangiomas
observed with enhanced CT[22-24] and 37%-72% of hemangiomas observed with Gd-EOB-DTPA-enhanced
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phase and may mimic malignant tumors. Knowledge of Gd-EOB-DTPA-enhanced MRI findings is important for arriving at the correct diagnosis of hepatic
hemangioma.

findings on enhanced CT and bright signal intensity on
T2-weighted MRI are accepted as diagnostic for hepatic
hemangioma. Second, the present study may have a potential selection bias because atypical hemangiomas that
did not meet the present selection criteria were not included. Therefore, further investigation will be necessary
to elucidate the appearance of atypical hemangiomas on
Gd-EOB-�������������������������������������������
������������������������������������������
DTPA-enhanced MRI. Third, all the lesions
were hemangiomas; other liver tumors were not included
in the present study. Therefore, this selection may bias
the interpretation of the Gd-EOB-DTPA-enhanced
MRI and enhanced CT findings. However, the purpose
of the present study was to compare the features of hepatic hemangiomas on Gd-EOB-DTPA-enhanced with
enhanced CT. Fourth, the imaging parameters, injection
rate, duration of the contrast material, and scanning timing were not identical for Gd-EOB-DTPA-enhanced
MRI and enhanced CT. However, it is impractical to
make them uniform because they have been optimized
for each imaging modality.
In conclusion, the typical findings of hemangiomas,
such as peripheral nodular enhancement, central nodular enhancement, diffuse enhancement, or arterioportal
shunt during the arterial phase, or fill-in enhancement
during the portal venous phase, are useful for the diagnosis of hemangiomas using Gd-EOB-DTPA-enhanced
MRI and enhanced CT. However, prolonged enhancement during the equilibrium phase was observed significantly less frequently on Gd-EOB-DTPA-enhanced
MRI. Some hemangiomas show relatively low signal
intensity during the equilibrium phase, which may mimic
malignant tumors. Knowledge of Gd-EOB-DTPAenhanced MRI findings is important for arriving at the
correct diagnosis of hepatic hemangioma.

Terminology

Gd-EOB-DTPA is a new hepatobiliary contrast agent that exhibits high T1
relaxivity in the liver and shows enhancement on both early perfusion phase images and delayed hepatobiliary phase images. Gd-EOB-DTPA-enhanced MRI
is more useful for the detection and characterization of focal liver lesions than
enhanced CT and Gd-DTPA-enhanced MRI.

Peer review

The authors compare the liver-tumor contrasts obtained for hepatic hemangioma with hepatobiliary contrast in MRI with extracellular contrast in CT, which
is of clinical interest.
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Durability of viral response after off-treatment in HBeAg
positive chronic hepatitis B
Myeong Jun Song, Do Seon Song, Hee Yeon Kim, Sun Hong Yoo, Si Hyun Bae, Jong Young Choi, Seung Kew Yoon,
Yong-Han Paik, June Sung Lee, Hyun Woong Lee, Hyung Joon Kim
tion therapy (≥ 6 mo). After treatment cessation, the
patients were followed up at 3-6 mo intervals. The primary endpoint was serologic and virologic recurrence
rates after withdrawal of antiviral treatment. Serologic
recurrence was defined as reappearance of HBeAg
positivity after HBeAg seroconversion. Virologic recurrence was defined as an increase in HBV-DNA level >
4
10 copies/mL after HBeAg seroconversion with previously undetectable HBV-DNA level.
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RESULTS: During the median follow-up period of 18.2
mo (range: 5.1-47.5 mo) after cessation of antiviral
treatment, the cumulative serological recurrence rate
was 15 % at 12 mo. The median duration between the
cessation of antiviral treatment and serologic recurrence was 7.2 mo (range: 1.2-10.9 mo). Of the 48 patients with HBeAg positive chronic hepatitis, 20 (41.6%)
showed virological recurrence. The cumulative virologic
recurrence rates at 12 mo after discontinuing the antiviral agent were 41%. The median duration between
off-treatment and virologic recurrence was 7.6 mo
(range: 4.3-27.1 mo). The mean age of the virological
recurrence group was older than that of the non-recurrence group (46.7 ± 12.1 years vs 38.8 ± 12.7 years,
respectively; P = 0.022). Age (> 40 years) and the
duration of consolidation treatment (≥ 15 mo) were
significant predictive factors for offtreatment durability
in the multivariate analysis [P = 0.049, relative risk (RR)
0.31, 95% CI (0.096-0.998) and P = 0.005, RR 11.29,
95% CI (2.054-65.12), respectively]. Patients with age
(≤ 40 years) who received consolidation treatment (≥
15 mo) significantly showed durability in HBeAg positive chronic hepatitis B patients (P = 0.014). These
results suggest that additional treatment for more than
15 mo after HBeAg seroconversion in patients who are
≤ 40 years old may be beneficial in providing a sustained virological response.

Abstract
AIM: To evaluate the durability in hepatitis B e antigen
(HBeAg) positive chronic hepatitis B patients who discontinued antiviral treatment.
METHODS: A total of 48 HBeAg positive chronic
hepatitis B patients who were administered nucleoside
analogues and maintained virological response for ≥
6 mo [hepatitis B virus (HBV) DNA < 300 copies/mL
and HBeAg seroconversion] before cessation of treatment were enrolled between February 2007 and January 2010. The criteria for the cessation of the antiviral
treatment were defined as follows: (1) achievement
of virological response; and (2) duration of consolida-
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CONCLUSION: Our data suggest that HBeAg seroconversion is an imperfect end point in antiviral treat-
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for developing a treatment strategy for chronic hepatitis
B patients. In this study, we evaluated the off-treatment
durability of response and the predictive factors for virologic recurrence in HBeAg positive chronic hepatitis
B patients who achieved successful end point of therapy
with nucleoside analogues such as entecavir and clevudine. Furthermore, we compared the durability of response between entecavir and clevudine.

ment. Long-term consolidation treatment (≥ 15 mo)
in younger patients is important for producing better
prognosis in HBeAg positive chronic hepatitis B.
© 2012 Baishideng. All rights reserved.
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Study population
This study included 48 Korean patients with chronic
hepatitis B infection (HBsAg and HBeAg positivity for
at least 6 mo) who were hospitalized at the Seoul St.
Mary’s Hospital, Gangnam Severance Hospital, Inje University Ilsan Paik Hospital and Chung-Ang University
Hospital between February 2007 and January 2010. All
patients were treated with nucleoside analogue therapy
such as clevudine and entecavir. When the therapy was
initiated, the serum HBV DNA levels were at least 105
copies/mL and alanine aminotransferase (ALT) or aspartate aminotransferase (AST) levels were more than
two times the upper limit of normal (ULN, 40 IU/L).
There were no signs of either co-infection with hepatitis
C virus or human immunodeficiency virus or hepatic
decompensation such as ascites, variceal bleeding or hepatic encephalopathy, and treatment with (pegylated) interferon was discontinued at least 6 mo before the start
of the NUC treatment.
The cessation criteria of the NUC treatment were
defined as follows: (1) the achievement of a virological
response; and (2) duration of consolidation therapy (≥
6 mo). Virological response was defined as HBeAg seroconversion, HBV DNA < 300 copies/mL and normal
ALT levels. The study was approved by the institutional
Ethics Review Board and complied with the Declaration
of Helsinki.

Song MJ, Song DS, Kim HY, Yoo SH, Bae SH, Choi JY, Yoon
SK, Paik YH, Lee JS, Lee HW, Kim HJ. Durability of viral response after off-treatment in HBeAg positive chronic hepatitis
B. World J Gastroenterol 2012; 18(43): 6277-6283 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v18/
i43/6277.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i43.6277

INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a major
problem in medical health care with approximately 400
million people infected worldwide[1,2]. Since lamivudine
was introduced as an effective antiviral agent for chronic
hepatitis B in the late 1990s, many types of nucleos(t)ide
analogues (NUCs) have been developed to prevent
the progression of cirrhosis and hepatocellular carcinoma[3-6]. To assess these effects of antiviral therapy,
surrogate markers such as hepatitis B e antigen (HBeAg)
seroconversion or HBsAg loss have been reported[7-12].
The current end-points of therapy are durable HBe
Ag seroconversion in HBeAg-positive patients[13]. International guidelines on HBV therapy suggest that finite
duration of treatment with a NUC is a reasonable option, and recommend that treatment may be stopped after HBeAg seroconversion and an additional 6-12 mo of
consolidation therapy in HBeAg-positive hepatitis[13,14].
However, it may be necessary to maintain long-term
treatment for the ideal end-points such as HBsAg clearance or sustained virologic response in HBeAg-positive
chronic hepatitis B due to a higher relapse rate[15,16].
The optimum treatment durations of NUCs also
remain ill defined. Several studies on the durability of
HBeAg seroconversion induced by lamivudine have produced contradictory results[16-19]. Reijnders et al[20] have
reported that HBeAg seroconversion is an imperfect end
point in antiviral treatment. Studies investigating the durability of the response to newer agents such as entecavir
and clevudine are still lacking.
The durability of virological response (HBeAg seroconversion and undetectable HBV DNA) is important

WJG|www.wjgnet.com

Follow-up evaluation
All patients were monitored at least every 3-6 mo during
the antiviral treatment period. Biochemical (serum AST,
ALT) and virological parameters (HBeAg, HBeAb status and quantitative HBV DNA) were assessed at every
visit. Nucleoside analogue-treated patients who achieved
virological response were evaluated every 3 mo. Consolidation therapy was continued for more than 6 mo after
achieving virological response. In cases in which NUC
treatment was discontinued, the patients were followed
up at 3-6 mo intervals for a median period of 18.2 mo
(range: 5.1-47.5 mo).
End points
The primary endpoint was serologic and virologic recurrence rates after withdrawal of antiviral treatment.
Serologic recurrence was defined as reappearance of
HBeAg positivity after HBeAg seroconversion. Virologic
recurrence was defined as an increase in HBV-DNA
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years. The pretreatment ALT level and serum HBV
DNA level were 198 IU/L (11-374 IU/L) and 8.8 log10
copies/mL (range: 5-10 log10 copies/mL), respectively.
Overall, 31 of the 48 patients with HBeAg positive
hepatitis were treated with entecavir, and 17 were treated
with clevudine. A total of 41 (85.4%) patients were
nucleoside analog treatment naïve, whereas 7 (14.6%)
patients had received prior treatment with lamivudine.
All patients who were treated with lamivudine did not
have any evidence of lamivudine-resistance at the initiation of entecavir or clevudine treatment. The median
duration of therapy was 26.1 mo (range: 9.4-47.4 mo).
Patients were followed up for a median of 45.6 mo (range:
23.6-60.2 mo); 82 % (43/48) were followed up for more
than 3 years.

Table 1 Baseline characteristics of the study population
Baseline characteristics
Age, yr (mean ± SD)
Sex (male/female)
Pretreatment ALT level (IU/L)
Pretreatment HBV DNA level (log10 copies/mL)
Time to undetectable HBV (mo)
Time to HBeAg seroconversion (mo)
Consolidation treatment duration (mo)
Total treatment duration (mo)
Antiviral agent (entecavir/clevudine)
Previous NUC treatment (naïve/lamivudine)

Total (n = 48)
42.1 ± 12.9
29/19
198 (11-374)
8.5 (5.0-10)
7.7 (1.3-39.4)
13.4 (0.8-39.4)
10.3 (6-37.9)
26.1 (9.4-47.4)
31/17
41/7

ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBeAg: Hepatitis
B e antigen; NUC: Nucleos(t)ide analogues.

level > 104 copies/mL after HBeAg seroconversion with
previously undetectable HBV-DNA level because a viral
load of more than 10 000 copies/mL is associated with
progression of liver disease[4,21].
The secondary endpoint was to evaluate the difference in the durability between entecavir and clevudine.

Serologic recurrence after HBeAg seroconversion
The median follow-up time after HBeAg seroconversion
for 48 patients was 32.1 mo (range: 10.3-55.8 mo). Serologic recurrence occurred in 6 of 48 (12.5%) patients.
The cumulative serologic recurrence rates at 6 mo, 12
mo and 18 mo after NUC induced HBeAg seroconversion were 0%, 7% and 15%, respectively. The median
duration between the cessation of antiviral treatment
and serologic recurrence was 7.2 mo (range: 1.2-10.9
mo). In 1 case, serologic recurrence occurred less than
6 mo after the cessation of NUC treatment, and in 5/6
(83%) cases, serologic recurrence occurred within 12 mo
after off-treatment (Figure 1A).

Laboratory testing
Serum HBeAg and HBeAb were measured with a radioimmunoassay according to the manufacturer’s protocol
(Abbott Laboratories, Chicago, IL, United States). Serum
HBV-DNA levels were measured with real-time PCR
using Abott Realtime HBV Quantification Kit (Abott
Molecular Inc., IL, United States).

Virologic recurrence after HBeAg seroconversion and
undetectable HBV DNA in HBeAg positive hepatitis
Virologic recurrence occurred in 20 of 48 patients
(41.6%) after HBeAg seroconversion. The cumulative
virologic recurrence rates at 6 mo, 12 mo and 24 mo
after discontinuing the antiviral agent were 38%, 41%
and 60%, respectively (Figure 1B). Of these 20 patients,
6 reverted to chronic HBeAg-positive chronic hepatitis
B, and 14 progressed to HBeAg negative chronic hepatitis B. One of 6 patients with HBeAg reversion (16.6%)
showed HBV DNA levels of 10-100 copies/L. Six of
14 patients with HBeAg seronegativity (42.8%) showed
HBV DNA levels of more than 100 copies/L (Table 2).
The median duration between off-treatment and virologic recurrence was 7.6 mo (range: 4.3-27.1 mo) in HBeAg
positive hepatitis. Seventeen cases (85%) of virologic
recurrence occurred within 12 mo after off-treatment.

Ethics approval
Ethics approval was provided by the institutional Ethics Review Board, The Catholic University of Korea
(KC11RIMI0560).
Statistical analysis
The continuous variables are expressed as the mean ±
SE or median (range) where appropriate. Durability was
calculated from the date of the antiviral treatment cessation to the date of virologic recurrence or censorship.
The cumulative rates of virologic recurrence, HBeAg seroreversion were estimated with the Kaplan-Meier method. The Cox’s proportional hazard model was adopted
to determine the predictive factors for relapse, among
various variables including age, pretreatment ALT, AST
level, pretreatment HBV DNA levels, consolidation
treatment duration and total treatment duration. P < 0.05
was considered to be significant (SPSS 17, Chicago, IL).

Durable response
In HBeAg positive chronic hepatitis, only 28 (58.3%)
had a durable response, as defined by the continued
absence of HBeAg and HBV DNA levels less than 10
copies/L, during a median follow-up period of 18.2
mo (range: 5.1-47.5 mo). In all patients, NUC therapy
was discontinued after HBeAg seroconversion occurred
and at least 6 mo of consolidation therapy. The clinical
features and laboratory data including age, sex, pretreatment. ALT, HBV DNA titer, duration of consolidation

RESULTS
Clinical characteristics of the patients
The baseline characteristics of all patients are shown in
Table 1. A total of 48 patients with chronic hepatitis B
who were treated with a nucleoside analogue in multicenter were included in the analysis. Of the 48 patients,
29 (60.4%) were men and the mean age was 42.1 ± 12.9
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Figure 2 Using the two predictive factors for virological recurrence (age
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40 yr and consolidation treatment duration ≥ 15 mo; Group B: Patients with
either aged ≤ 40 yr or consolidation treatment duration ≥ 15 mo; Group C: Patients with aged > 40 yr and consolidation treatment for < 15 mo. P values were
derived from the log-rank test (group A vs group B, P = 0.291; group A vs group
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Figure 1 Serologic recurrence and virologic recurrence after off-treatment
in patients with hepatitis B e antigen positive hepatitis. A: Serologic recurrence after off-treatment in patients with hepatitis B e antigen (HBeAg) positive
hepatitis who achieved the successful end point of virologic response; B: Virologic recurrence after off-treatment in HBeAg positive hepatitis.
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treatment, total treatment duration, and duration of
treatment before the HBV DNA levels were undetectable were compared between the virologic recurrence
and the non-recurrence group (Table 3). The mean age
of the recurrence group was older than that of the nonrecurrence group (46.7 ± 12.1 years vs 38.8 ± 12.7 years,
respectively; P = 0.022).
Univariate analysis was performed to determine the
predictive factors of durability. The variables including
age, sex, pretreatment ALT, level, pretreatment HBV
DNA levels, time to undetectable HBV DNA, time to
HBeAg seroconversion, consolidation treatment duration and total treatment duration. Age (≤ 40 years) and
the duration of consolidation treatment (≥ 15 mo)
were significant predictive factors for off-treatment
durability (P = 0.017, P = 0.046, respectively). In the
multivariate analysis using the Cox’s proportional hazard
model, the factors of age (≤ 40 years) and prolongedconsolidation treatment ≥ 15 mo were also significant
predictive factors of virological recurrence in HBeAg
positive chronic hepatitis B patients [P = 0.049, 95% CI
(0.096-0.998); P = 0.005, 95% CI (2.054-65.12)]. Serologic or virologic recurrence did not show a significant
difference between clevudine and entecavir treatment
(Table 4).
Using the two predictive factors including age (≤ 40
years) and prolonged-consolidation treatment ≥ 15 mo
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28
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46
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67
42
46
66
38
67
62
50
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53
37

Sex

Serologic
recurrence
(HBeAg reversion)

Virological
recurrence
(copies/L)

ALT level
at relapse
(U/L)

Female
Female
Male
Male
Male
Female
Male
Female
Male
Male
Male
Female
Male
Female
Female
Male
Female
Male
Male
Female

Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No

97 600
645 000 000
120 759
980 000
254 251 078
320 630
42 900
20 916
10 083
41 982
86 000
4 521 266
587 000
10 032
637 898
43 719
32 033
86 6197
6 158 288
116 000 000

139
236
71
45
89
287
42
32
38
65
40
131
43
31
28
98
101
243
54
436

ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen.

patients could be classified into 3 groups: patients who
had both of the good predictors (age ≤ 40 years and
consolidation treatment ≥ 15 mo, group A); patients
with either ≥ 40 years old or underwent consolidation
treatment ≥ 15 mo (group B), and patients with neither
of the two good predictors (group C). Among these 3
groups, group C showed a significantly higher recurrence
rate (Figure 2). These results suggest that additional
treatment for more than 15 mo after HBeAg seroconversion in patients who are ≤ 40 years old may be beneficial in providing a sustained virological response.
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Table 3 Clinical characteristics in virological recurrence and non-recurrence

Age, yr (mean ± SD)
Sex (male/female)
Pretreatment ALT level (IU/L)
Pretreatment HBV DNA level (log10 copies/mL)
Time to undetectable HBV (mo)
Time to HBeAg seroconversion (mo)
Consolidation treatment duration (mo)
Total treatment duration (mo)
Antiviral agent (entecavir/clevudine)

Virological recurrence
(n = 20)

Virological non-recurrence
(n = 28)

P value

46.7 ± 12.1
11/9
199 (40-374)
7.7 (5.1-10)
6.7 (2.3-39.4)
13.9 (0.8-39.4)
10.3 (6-23.9)
25.6 (9.6-47.4)
15/5

38.8 ± 12.7
29/19
189 (11-364)
7 (5.0-9.1)
9.1 (1.3-25.0)
12.7 (1.4-31.2)
11.7 (6-37.9)
27.0 (9.4-43.3)
16/12

0.022
0.561
0.491
0.125
0.490
0.744
0.517
0.358
0.236

ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

Table 4 Multivariate analysis on predictive factors of virological recurrence after withdrawal of antiviral treatment

Age (≤ 40 yr vs > 40 yr)
Sex (male vs female)
Pretreatment ALT level (< 2 × ULN vs ≥ 2 × ULN)
Pretreatment HBV DNA level (< 108 vs ≥ 108)
Time to undetectable HBV (< 6 mo vs ≥ 6 mo)
Time to HBeAg seroconversion (< 12 mo vs ≥ 12 mo)
Consolidation treatment (< 15 mo vs ≥ 15 mo)
Total treatment duration (< 24 mo vs ≥ 24 mo)
Antiviral agent (entecavir vs clevudine)

Regression coefficent

Standard error

P value

RR (95% CI)

-1.17
-0.938
-2.11
-0.27
-0.237
1.417
2.425
0.001
-1.529

0.596
0.527
1.135
0.533
0.635
0.846
0.87
0.732
0.861

0.049
0.075
0.063
0.612
0.709
0.094
0.005
0.999
0.076

0.310 (0.096-0.998)
0.391 (0.139-1.099)
0.121 (0.013-1.121)
0.763 (0.268-2.170)
0.789 (0.227-2.739)
4.126 (0.786-21.66)
11.299 (2.054-65.12)
1.001 (0.238-4.207)
0.217 (0.040-1.172)

HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; ULN: Upper limit of normal; ALT: Alanine aminotransferase; RR: Relative risk.

consolidation therapy period of at least 15 mo regardless
of the type of antiviral drug.
In our study, both serologic and virological recurrence
after HBeAg seroconversion and undetectable HBV
DNA were considered. Serologic recurrence showed 5
of 6 patients (83%) and virological recurrence occurred
17 of 20 patients (85%) within 12 mo after discontinuing the antiviral agent. This recurrence rate was consistent with a previous study[20]. These results showed
longer treatment durations of nucleoside analogs may
contribute to the suppression of viral replication and
the clearance of infected hepatocytes, but HBV cannot
be completely eradicated. Therefore, HBeAg seroconversion and consolidation therapy for more than 6 mo
might be an imperfect end point in antiviral treatment.
Patients who were ≤ 40 years old also showed independently significant associations with a sustained
response based on the multivariate analysis. Younger
patients had a more sustained durability. This result was
similar to that reported by Chien et al[25] who demonstrated that Taiwanese patients who were < 36 years of
age had a more sustained response. This difference in
durability based on age may be related to immune system
activity[26]. It is assumed that younger patients were more
likely to be sufficiently immunocompetent to maintain
viral suppression, which contributed to a higher rate of
off-treatment durability. While age appears to be directly
related to durability in this study, further research is necessary to more clearly define the cutoff age.

DISCUSSION
The end points of chronic hepatitis B treatment, independent of HBeAg status, are the sustained suppression
of HBV replication, the remission of liver disease and
the prevention of hepatocellular carcinoma[22,23]. Clinical
studies have reported that rapid and sustained suppression of viral load is an important factor in the prediction of the virological response. It was reported that
entecavir had the potential for a very rapid and effective
antiviral response and clevudine-induced viral response
was durable after discontinuation of treatment[24]. It was
hypothesized that entecavir would induce a more durable
suppression of viral load compared with that of clevudine after discontinuation of treatment.
We studied the durability of off treatment for chronic HBV infection among entecavir-treated and clevudinetreated patients who achieved “virological response”.
Current international guidelines suggest that treatment
with NUC can be discontinued after 6-12 mo of consolidation therapy after HBeAg seroconversion[14].
Consistent with these recommendations, NUC treatment was discontinued in all patients after 6 mo of
consolidation treatment. During follow-up after the discontinuation of NUC therapy, only 20 (41.6%) of the 48
patients showed a durable response, which was defined
as HBeAg seroconversion and HBV DNA levels less
than 10 copies/L. Moreover, a sustained response was
achieved in patients who discontinued therapy after a

WJG|www.wjgnet.com
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This study has some limitations in a retrospective
study. First, a limited number of patients were treated
with either entecavir or clevudine monotherapy; Second, HBsAg loss in a more stable remission of chronic
hepatitis B compared with HBeAg seroconversion was
not analyzed because the follow-up period was relatively
short. However, we intended to analyze the predictive
factors of sustained virologic response in HBeAg positive chronic hepatitis B patients who discontinued successful antiviral therapy that was considered as high potency antiviral agent more than lamivudine. Our results
might suggest that the high recurrence rates after achieving sustained virologic response (HBeAg seroconversion
and undetectable HBV DNA) showed no difference of
durability regardless of the type of oral high potency antiviral agent.
In conclusion, this study shows that HBeAg seroconversion and consolidation therapy for more than 6 mo
are an imperfect end point in antiviral treatment. Longterm consolidation treatment (≥ 15 mo) in younger
patients is important to produce better prognosis in
HBeAg positive chronic hepatitis B.
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The study results suggest that long-term consolidation treatment (≥ 15 mo) after achieving virological response is important for maintaining better sustained
virological response in HBeAg positive chronic hepatitis B.
The criteria for the cessation of treatment were defined as follows: (1) achievement of virological response; and (2) duration of consolidation therapy (≥ 6
mo). Virological response defined HBeAg seroconversion, HBV DNA < 300
copies/mL and normal alanine aminotransferase levels. Virologic recurrence
was defined as an increase of HBV-DNA level > 10 copies/L after HBeAg seroconversion with previously undetectable HBV-DNA level because a viral load of
more than 10 copies/L is associated with progression of liver disease.
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This study can be considered as a preliminary report of the comparasion
between entecavir and clevudine therapy in chronic HBV in relation to the behaviour of HBeAg positive and viral load. It was well designed and conducted
but a continuation of this study must be done with a greatest number of patients
under a longest time of therapy before discontinuation.
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BRIEF ARTICLE

Bispectral index monitoring as an adjunct to nurseadministered combined sedation during endoscopic
retrograde cholangiopancreatography
Se Young Jang, Hyun Gu Park, Min Kyu Jung, Chang Min Cho, Soo Young Park, Seong Woo Jeon, Won Young Tak,
Young Oh Kweon, Sung Kook Kim, Young Hoon Jeon
midazolam, pethidine, and propofol by trained nurses.
The nurse used a routine practice to monitor sedation
using the Modified Observer’s Assessment of Alertness/Sedation (MOAA/S) scale or the BIS monitoring.
The total amount of midazolam and propofol used and
serious side effects were compared between the BIS
and control groups.
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RESULTS: The mean total propofol dose administered was 53.1 ± 32.2 mg in the BIS group and 54.9
± 30.8 mg in the control group (P = 0.673). The individual propofol dose received per minute during the
ERCP procedure was 2.90 ± 1.83 mg/min in the BIS
group and 3.44 ± 2.04 mg in the control group (P =
0.103). The median value of the MOAA/S score during
the maintenance phase of sedation was comparable
for the two groups. The mean BIS values throughout the procedure (from insertion to removal of the
endoscope) were 76.5 ± 8.7 for all 59 patients in using the BIS monitor. No significant differences in the
frequency of < 80% oxygen saturation, hypotension
(< 80 mmHg), or bradycardia (< 50 beats/min) were
observed between the two study groups. Four cases
of poor cooperation occurred, in which the procedure
should be stopped to add the propofol dose. After adding the propofol, the procedure could be conducted
successfully (one case in the BIS group, three cases
in the control group). The endoscopist rated patient
sedation as excellent for all patients in both groups. All
patients in both groups rated their level of satisfaction
as high (no discomfort). During the post-procedural
follow-up in the recovery area, no cases of clinically
significant hypoxic episodes were recorded in either
group. No other postoperative side effects related to
sedation were observed in either group.

Abstract
AIM: To determine whether bispectral index (BIS)
monitoring is useful for propofol administration for
deep sedation during endoscopic retrograde cholangiopancreatography (ERCP).
METHODS: Fifty-nine consecutive patients with a
variety of reasons for ERCP who underwent the procedure at least twice between 1 July 2010 and 30 November 2010. This was a randomized cross-over study,
in which each patient underwent ERCP twice, once
with BIS monitoring and once with control monitoring.
Whether BIS monitoring was done during the first or
second ERCP procedure was random. Patients were
intermittently administered a mixed regimen including
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CONCLUSION: BIS monitoring trend to slighlty reduce
the mean propofol dose. Nurse-administered propofol
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particular, a combination of propofol and midazolam,
administered by trained nurses with BIS monitoring, was
used to evaluate the usefulness of this sedation method
during ERCP.
We determined whether BIS monitoring is a useful
adjunct technique for the administration of propofol
titrated for deep sedation, as measured by differences in
the dose of propofol administered during ERCP.

sedation under the supervision of a gastroenterologist
may be considered an alternative under anesthesiologist.
© 2012 Baishideng. All rights reserved.

Key words: Conscious sedation; Bispectral index monitors; Pancreatic neoplasm; Endoscopic retrograde cholangiopancreatography
Peer reviewer: Takahiro Nakazawa, MD, Department of Gas-

MATERIALS AND METHODS

troenterology and Metabolism, Nagoya City University Graduate School of Medical Sciences, 1 Kawasumi, Mizuho-cho,
Mizuho-ku, Nagoya 467-8601, Japan

This study was approved by the hospital ethics committee, and informed consent was obtained from participating patients. Fifty-nine consecutive patients with
a variety of reasons for ERCP and who underwent the
procedure at least twice between 1 July 2010 and 30 Nov
2010 were prospectively included in this study. Associated medical illnesses were graded according to ASA
grade[13]. Exclusion criteria were age < 20 years, critical
illness (ASA grade Ⅳ or Ⅴ), pregnancy, chronic use of
benzodiazepines or opiates, and history of allergy to
eggs. No patient was excluded after randomization.
All procedures were therapeutic and were performed
by one gastroenterologist (Jung MK, who has performed
> 500 ERCP procedures per annum for 5 years). Trained
three nurses administered the sedative agents and carried
out the anesthetic protocol, which was generated by an
anesthesiologist (Jeon YH, who has performed > 1000
general anesthesia procedures per annum for 15 years).
This was a randomized cross-over study, in which each
patient underwent ERCP twice, once with BIS monitoring
and once with control monitoring. Whether BIS monitoring was done during the first or second ERCP procedure
was random (Figure 1). The endoscopist, trained nurse,
radiologist, and assistant nurse had access to the randomization scheme when the patient was admitted to the
endoscopy suite. The independent research fellow (Park
HG) who performed all pre- and post-procedural assessments was blinded to the randomization scheme.
The sedation end point was conscious sedation[14].
Patient received the fixed dose midazolam, propofol and
pethidine before the procedure. Trained nurse reassessed
the sedation grade using BIS monitor or the modified
Observer’s Assessment of Alertness/Sedation (MOAA/S)
scale every minute[3]. Patients were intermittently administered a mixed regimen including midazolam, pethidine,
and propofol by trained nurse. The end point of sedation was a MOAA/S score of 1. For the BIS monitoring
group, the nurse was instructed to use BIS as the primary
end point for titration of propofol and to target the BIS
value to between 65 and 80. Patients were moved to the
recovery area immediately after the procedure if their
vital signs were stable. All patients were routinely kept in
the hospital for at least 24 h after the ERCP procedure.
If patients awoke or were hyperactive during sedation,
this was considered a significant adverse event. And the
procedure should be stopped to add the propofol dose.
After adding the propofol, patient could be controlled.
the procedure could be conducted successfully.

Jang SY, Park HG, Jung MK, Cho CM, Park SY, Jeon SW, Tak
WY, Kweon YO, Kim SK, Jeon YH. Bispectral index monitoring as an adjunct to nurse-administered combined sedation during endoscopic retrograde cholangiopancreatography. World J
Gastroenterol 2012; 18(43): 6284-6289 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i43/6284.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i43.6284

INTRODUCTION
Electroencephalography (EEG)-guided sedation has
been used by anesthesiologists to achieve optimal titration of sedatives[1]. Bispectral index (BIS) monitoring is
an EEG-based method that quantifies the depth of anesthesia by analyzing the EEG and uses a complex algorithm to generate an index score, providing an objective
measurement of the level of consciousness in sedated
patients[1]. The value of BIS monitoring as an adjunct to
endoscopic sedation has been tested in a limited number
of endoscopic studies[2-6]. The EEG-guided method was
originally evaluated for facilitation of sedation in endoscopic retrograde cholangiopancreatography (ERCP)[7-10].
Propofol can rapidly and easily induce deep sedation,
and the depth of sedation can be adjusted[1��1�]. The Division of Drug Risk Evaluation in the United States has
stated that “doses of propofol should be kept as low as
effectively possible and patients who are sedated with
propofol should be monitored properly”[1��2�]. A combination of propofol and midazolam significantly reduces
the total propofol amount required and consequently
reduces the risk of apnea; however, recovery time is prolonged as compared with propofol alone[8]. According
to Athens international statements[1��2�] and the American
Society of Anesthesiologists Physical Status Classification (ASA grade), patients of classes Ⅰ, Ⅱ and often Ⅲ
can be safely sedated to the level of conscious sedation
by nurses qualified in cardiopulmonary resuscitation for
esophagogastroduo��������������������������������
-�������������������������������
denoscopy and colonoscopy, but
there are no data for sedation by nurses during ERCP.
In this study, we hypothesized that if we employed
BIS monitoring to achieve the desired level of deep
sedation using the minimal doses of propofol, then the
risk of respiratory depression would be reduced. In
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BIS monitoring
All patients were continuously monitored for heart rate,
oxygen saturation (pulse oximetry), and blood pressure
(automated blood pressure cuff, serial measurements every 3 min).
Baseline vital signs were recorded immediately before
the procedure. All patients were given supplemental intranasal oxygen (5 L/min). Respiratory depression was
considered significant when oxygen saturation was <
80% for > 15 s with oxygen supplementation. A drop
in systolic arterial blood pressure below 80 mmHg or a
heart rate below 50 beats/min��������������������������
�������������������������
was considered a significant adverse event. All patients were monitored in the
recovery area by electrocardiography, pulse oximetry, and
blood pressure recording. All patients were monitored
for BIS scores using the BIS VIEW device (BIS Monitoring System) and a specific BIS Quatro Sensor (Aspect
Medical System, Newton, MA, United States). During
the procedure, BIS scores were monitored every 3 min.

Table 1 Baseline characteristics of patients n (%)
Characteristics

Value

Gender
Male
Female
Etiology
Acute idiopathic pancreatitis
Biloma
Common bile duct stone
Cholangiocarcinoma
Chronic pancreatitis
Intraductal papillary mucinous neoplasm
Pancreatic cancer

36 (61)
23 (39)
3 (5.1)
1 (1.7)
34 (57.6)
10 (16.9)
4 (6.8)
2 (3.4)
5 (8.5)

Table 2 Comparative results of paired examinations

Midazolam (mg)
Propofol (mg)
Procedure duration (min)
Propofol dose/min (mg/min)
Procedure failed cases
Poor cooperation
Mean BIS score

Statistical analysis
The total amount of midazolam, propofol used and
serious side effects between the BIS and control groups
were compared. Continuous data were compared using
the paired Student’s t-test. Categorical variables were
tested using the χ 2 test. The criterion for statistical significance was P < 0.05. SPSS Version 15 (SPSS, Chicago,
IL, United States) was used for analyses. Data are presented as the mean ± SD.

BIS

Control

P value

1.64 ± 0.87
53.1 ± 32.2
21.0 ± 10.5
2.90 ± 1.83
1
2
76.5 ± 8.7

1.61 ± 0.70
54.9 ± 30.8
18.6 ± 9.6
3.44 ± 2.04
3
2
NA

0.788
0.673
0.187
0.103
0.309

NA: Not available; BIS: Bispectral index.

postoperative side effects related to sedation were observed in either group.

RESULTS

DISCUSSION

Baseline characteristics of the 59 patients are presented
in Table 1. The mean total propofol dose administered
was 53.1 ± 32.2 mg in the BIS group and 54.9 ± 30.8 mg
in the control group (P = 0.673; Table 2). The individual
propofol dose administered per minute during the ERCP
procedure was 2.90 ± 1.83 mg/min in the BIS group
and 3.44 ± 2.04 mg/min in the control group (P = 0.103).
The median value of the MOAA/S score during the
maintenance phase of sedation was comparable between
the two groups. The mean BIS values throughout the
procedure (from insertion to removal of the endoscope)
were 76.5 ± 8.7.
No significant differences in the frequency of < 80%
oxygen saturation, hypotension (< 80 mmHg), or bradycardia (< 50 beats/min) were observed between the two
study groups. Four cases of poor cooperation occurred,
in which the procedure should be stopped to add the
propofol dose. After adding the propofol, the procedure
could be conducted successfully (one case in the BIS
group, three cases in the control group).
The endoscopist rated the patient sedation as excellent for all the patients in both groups. All patients in
both groups rated their level of satisfaction as high (no
discomfort). During the post-procedural follow-up in
the recovery area, no cases of clinically significant hypoxic episodes were recorded in either group. No other

Sedation and analgesia reduce pain, discomfort, and
stress in patients undergoing unpleasant and prolonged
procedures such as ERCP and contribute to better patient tolerance and compliance[15]. Moreover, sedation
and analgesia reduce the danger of injuries during ERCP
due to a lack of cooperation by the patient and facilitate
the endoscopist’s task[16]. Since the first report of endoscopic cannulation of major papilla in 1968[17], ERCP
has evolved from being a simple diagnostic procedure to
becoming a therapeutic procedure with increased duration and complexity, requiring a high degree of patient
cooperation. Reports have indicated that complications
such as duodenal perforation and pancreatitis result as
a consequence of poor patient cooperation manifested
by restlessness and anxiety during the procedure[18]. Successful ERCP procedures have been performed with
the patient either moderately or deeply sedated or under
general anesthesia. Patel et al[19] reported that even when
the target level of sedation was moderate, deep sedation
episodes of all sedation occurred in 35% of ERCP patients. ERCP is thus recognized as an independent risk
factor of deep sedation.
Propofol is a lipophilic anesthetic agent with rapid
distribution and elimination times, and it does not have a
cumulative effect after infusion. Its therapeutic spectrum
is much narrower than that of midazolam, so careful

WJG|www.wjgnet.com

6286

November 21, 2012|Volume 18|Issue 43|

Jang SY et al . Bispectral index monitoring and ERCP
Pancreatobiliary disease

Exclusion criteria
Age < 20 yr
ASA grade Ⅳ or Ⅴ
Pregnancy
Chronic use of benzodiazepines or opiates
Allergic history to eggs

30 cases

1st ERCP procedure
BIS monitoring

2nd ERCP procedure
BIS monitoring

Acute idiopathic pancreatitis
Biloma
CBD stone
Extrahepatic cholangiocarcinoma
Chronic pancreatitis
IPMN
Pancreatic cancer

59 cases
Randomization

ERCP Team
Trained nurse
Endoscopist
Assistant nurse
Radiologist

Outcome measures
Total amount of midazolam and propofol
Serious side effects

29 cases

1st ERCP procedure
Control

2nd ERCP procedure
BIS monitoring

Figure 1 Flow chart of the enrolled patients. ASA grade: American Society of Anesthesiologists Physical Status Classification; BIS: Bispectral index; CBD: Common bile duct; ERCP: Endoscopic retrograde cholangiopancreatography; IPMN: Intraductal papillary mucinous neoplasm.

monitoring is much more demanding to differentiate between moderate and deep sedation and general anesthesia. Propofol has been evaluated in a variety of regimens
in ERCP and has been shown to provide the same or
superior sedation quality as midazolam with the advantage of better patient cooperation and shorter recovery time[20-24]. One large multicenter study from North
America demonstrated that the leading cause of death
from ERCP was cardiopulmonary complications[25]. In
a large audit of upper endoscopy procedures from the
United Kingdom, cardiopulmonary complications resulted in mortality in one in 2000 procedures[26]. Sedationrelated complications were attributed to high doses of
sedatives and inadequate monitoring. In a retrospective
27]
analysis, Sharma et al[���
showed that the incidence of
cardiopulmonary complications in ERCP (2.1%) was
almost double that during colonoscopy (1.1%) and more
than triple that during upper endoscopy (0.6%).
The computer-generated BIS ranges from 0 (coma)
to 100 (fully awake) and reflects the level of sedation regardless of a patient’s clinical characteristics and the type
of sedative drug used. The main aim of this study was
to determine whether BIS monitoring could be a useful
adjunct technique to the administration of propofol that
was titrated to achieve conscious sedation, as measured
by a difference in the propofol dose administered during ERCP. The primary outcome observed was a slightly
lower mean dose of propofol in the group of patients
who were deeply sedated with the use of BIS monitoring.
As the primary end point, we chose the amount of
propofol given, because we believe that this will be of
significant interest for endoscopists. More specifically,

WJG|www.wjgnet.com

our guiding hypothesis was that if we achieved the desired level of sedation using a minimal dose of propofol
with BIS monitoring, then the risk of respiratory depression would be reduced.
The method of sedation during ERCP procedures
involves a formulation of benzodiazepines in combination with opioids and propofol. The level of sedation is
a continuum, and deep sedation is logically associated
with an increased frequency of inadequate ventilation or
airway obstruction[28].
The Practice Committee of the American Society for
Gastrointestinal Endoscopy has stated that “the use of
EEG monitoring may have a role in the future for the
delivery of sedation during selected endoscopic procedures”[29]. EEG monitoring, which is a more complex
technique than BIS monitoring with respect to interpretation, enables more effective titration of the propofol
dose for sedation during ERCP[10]. More specifically,
Wehrmann et al[10] found that the mean propofol dose
was significantly lower in the group of patients sedated
with EEG-guided monitoring as compared with that
of the control group. The results from a previous colonoscopy study suggested that BIS monitoring may be
useful in preventing over-sedation as well as in reducing the propofol dose during the maintenance phase of
the sedation[2]. A randomized controlled trial published
2 years later by the same group did not confirm these
suggestions [3]. This may be explained by the notably
shorter time required for a colonoscopy and, in particular, the especially shorter maintenance phase during a
colonoscopy, during which over-sedation is less likely
to occur. BIS monitoring may be valuable during ERCP
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during which patients are sedated with the conventional
regimen of benzodiazepines plus opioids[7]. More specifically, in that study the total dose of midazolam was
significantly lower in the BIS group as compared with
the control group[7]. In a recent study, BIS monitoring
during propofol sedation during endoscopic submucosal
dissection did not lead to a reduction in the dose of propofol required but did lead to higher satisfaction scores
from the patients and endoscopists[30]. In this study, BIS
monitoring during midazolam and propofol sedation
during ERCP was safe and effective when sedatives were
intermittently infused by well-trained nurses.
The role of BIS monitoring for conscious sedation
targeted to the moderate level has not been established[4].
BIS monitoring is less accurate for detecting deep sedation episodes during endoscopy where a particular level
of conscious sedation is desired[4,19]. In contrast, a metaanalysis of ambulatory surgery studies showed that the
use of BIS monitoring significantly reduces the amount
of anesthetic administered by 19%[31]. Furthermore, titrating propofol with BIS monitoring during balanced
anesthesia can decrease the amount of propofol required[32]. Moreover, BIS monitoring may prevent awareness during general anesthesia[33], although conflicting
data have been reported[34].
There are some limitations to our study. First, the
nurse was not blinded to the absence or presence of
BIS monitoring during ERCP. It was impossible for this
study to be scheduled in a blinded fashion. Second, it is
well established that BIS values lag behind actual sedation scores during induction of sedation as well as during recovery[2]. However, it is noteworthy that all patients
in the BIS group were deeply sedated during the maintenance phase (BIS score of 65-80).
In conclusion, BIS monitoring trend to slightly reduce the mean propofol dose, when the BIS index is
used as the primary target for sedation during ERCP
procedures. Approaches such as nurse-administered
propofol sedation under the supervision of a gastroenterologist may be considered an alternative under the
anesthesiologist.

The authors studied
�������������������������������������������������������������������
the usefulness of BIS moniter in the sedation of ERCP. The
findings reported are of clinical importance�.
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Effects of telbivudine and entecavir for HBeAg-positive
chronic hepatitis B: A meta-analysis
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B virus (HBV) DNA undetectability, alanine aminotransferase (ALT) normalization, HBeAg loss, HBeAg seroconversion, drug-resistance, and adverse reactions.
Meta-analysis of the included trials and subgroup
analyses were conducted to examine the association
between pre-specified characteristics with the therapeutic effects of the two agents.
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RESULTS: Thirteen eligible trials (3925 patients in
total) were included and evaluated for methodological quality and heterogeneity. In various treatment
durations of 4 wk, 8 wk, 12 wk, 24 wk, 36 wk, 48 wk,
52 wk, 60 wk and 72 wk, the rates of HBV DNA undetectability and ALT normalization in the two groups
were similar, without statistical significance. At 4 wk
and 8 wk of the treatment, no statistical differences
were found in the rate of HBeAg loss between the two
groups, while the rate in the LDT group was higher
than in the ETV group at 12 wk, 24 wk, 48 wk and
52 wk, respectively (RR 2.28, 95% CI 1.16, 7.03, P =
0.02; RR 1.45, 95% CI 1.16, 1.82, P = 0.001; RR 1.45,
95% CI 1.11, 1.89, P = 0.006; and RR 1.86, 95% CI
1.04, 3.32, P = 0.04). At 4 wk, 8 wk, 60 wk and 72
wk of the treatment, there were no significant differences in the rate of HBeAg seroconversion between
the two groups, while at 12 wk, 24 wk, 48 wk and 52
wk, the rate in the LDT group was higher than in the
ETV group (RR 2.10, 95% CI 1.36, 3.24, P = 0.0008;
RR 1.71, 95% CI 1.29, 2.28, P = 0.0002; RR 1.86,
95% CI 1.36, 2.54, P < 0.0001; and RR 1.87, 95% CI
1.21, 2.90, P = 0.005). The rate of drug-resistance
was higher in the LDT group than in the ETV group
(RR 3.76, 95% CI 1.28, 11.01, P = 0.02). In addition,
no severe adverse drug reactions were observed in the
two groups. And the rate of increased creatine kinase
in the LDT group was higher than in the ETV group (RR
5.58, 95% CI 2.22, 13.98, P = 0.0002).

Abstract
AIM: To compare the effects of telbivudine (LDT) and
entecavir (ETV) in treatment of hepatitis B e antigen
(HBeAg)-positive chronic hepatitis B by meta-analysis.
METHODS: We conducted a literature search using PubMed, MEDLINE, EMBASE, the China National
Knowledge Infrastructure, the VIP database, the Wanfang database and the Cochrane Controlled Trial Register for all relevant articles published before April 1,
2012. Randomized controlled trials (RCTs) comparing
LDT with ETV for treatment of HBeAg-positive chronic
hepatitis B were included. The data was analyzed with
Review Manager Software 5.0. We used relative risk
(RR) as an effect measure, and reported its 95% CI.
Meta-analysis was performed using either a fixedeffect or random-effect model, based on the absence
or presence of significant heterogeneity. Two reviewers
assessed the risk of bias and extracted data independently and in duplicate. The analysis was executed
using the main outcome parameters including hepatitis
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CONCLUSION: LDT and ETV have similar virological and biomedical responses, and both are safe and
well tolerated. However, LDT has better serological response and higher drug-resistance.

6290

November 21, 2012|Volume 18|Issue 43|

Su QM et al . Telbivudine and entecavir for CHB treatment

National Knowledge Infrastructure, the VIP database,
the Wanfang database and the Cochrane Controlled Trial
Register for articles published up to April 1, 2012, using
the following keywords: “HBeAg-positive chronic hepatitis B”, “telbivudine”, “entecavir”, and “ RCTs”. The
reference lists of eligible studies were also searched.

© 2012 Baishideng. All rights reserved.
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Inclusion criteria
The following inclusion criteria were used: (1) RCTs; (2)
Articles studying HBeAg-positive chronic hepatitis B patients, according to diagnostic standards in “China guidelines for HBV management (2010)”[9]; (3) Studies comparing LDT (600 mg/d) with ETV (0.5 mg/d); and (4) The
main outcome parameters included virological, biochemical, and serological responses [HBV DNA undetectability,
alanine aminotransferase (ALT) normalization, HBeAg
loss, HBeAg seroconversion, drug-resistance, and adverse
reactions]. Virological response was defined as attainment of undetectable levels of HBV DNA. Determined
by quantitative polymerase chain reaction, the threshold
of detection was 1000 copies/mL or less in each corresponding study (Table 1). Biochemical response was defined as normalization of ALT levels to below the upper
limit of normal (< 40 IU/mL). HBeAg loss was defined
as HBeAg levels < 1.0 S/CO, HBeAg seroconversion was
defined as HBeAg loss and the presence of anti-HBeAg,
determined by microparticle enzyme immunoassay or
enzyme-linked immunosorbent assay.

Su QM, Ye XG. Effects of telbivudine and entecavir for HBeAgpositive chronic hepatitis B: A meta-analysis. World J Gastroenterol
2012; 18(43): 6290-6301 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v18/i43/6290.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i43.6290

INTRODUCTION
Chronic hepatitis B (CHB) infection is a major health
problem affecting over 350 million people worldwide[1,2].
CHB can lead to various life-threatening conditions, such
as liver failure, liver cirrhosis (LC) and hepatocellular carcinoma (HCC)[3]. Hepatitis B virus (HBV) covalent closed
circular DNA (cccDNA) is the main cause of the sustainability of the hepatitis virus, and it is difficult to completely
eliminate it[4]. So the primary therapeutic goal is to sustain
viral suppression. Current anti-viral medication includes
interferon [interferon-alpha (IFN-α), and pegylated (PEG)
IFN-α] and nucleosides or nucleoside analogues [entacavir (ETV), adefovir dipivoxil, telbivudine (LDT), and
lamivudine][5]. Recent studies have shown that LDT and
ETV are the strongest nucleoside analogues. LDT (β-L2’-deoxythymidine) is an orally bioavailable L-nucleoside.
It can effectively suppress HBV DNA replication, and has
a higher rate of hepatitis B e antigen (HBeAg) seroconversion than other current oral antiviral agents[6]. However,
its drug-resistance remains high[7]. ETV is a new generation nucleoside analogues. It has the advantage of higher
rate of HBV DNA suppression, low drug-resistance and
high safety, especially in lamivudine-resisitant CHB patients[8]. But the rates of HBeAg loss and seroconversion
are very low in ETV group, which is difficult to meet the
withdrawal standards. There are few systematic reviews
about the comparison of LDT and ETV. Therefore, we
conducted a meta-analysis of the randomized controlled
trials (RCTs) using the Cochrane methodology to explore
the efficacy of LDT and ETV for clinical treatment of
HBeAg-positive chronic hepatitis B.

Exclusion criteria
The following exclusion criteria were used: (1) Nonrandomized controlled trials (NRCTs); (2) Insufficient analytical information regarding treatment schedule, follow-up,
and outcomes; (3) Patients receiving interferon, nucleosides or nucleotides for CHB within 6 mo; (4) Patients
coinfected with hepatitis A, C, D and E virus, cytomegalovirus, or human immunodeficiency virus; (5) Patients with
liver failure, HCC, and liver-related complications caused
by alcoholism, autoimmune disease, and cholestasis; and (6)
Pregnant and breastfeeding patients.
Data extraction
Data extraction was assessed independently by two reviewers (Song LY and Zhang SR). Discrepancies were
solved through discussions between the reviewers or
by a third person. Systematic Reviews of Interventions
Version 5.0.2 (Cochrane Collaboration, Oxford, United
Kingdom) was used to assess risk of bias (adequate sequence generation, allocation concealment, blinding,
incomplete outcome data addressed, free of selective
reporting and free of other bias)[10]. Basic information
obtained from each eligible trial included study design,
patient characteristics, number of two groups, treatment
duration and related study results. Data were reviewed to
eliminate duplicate reports of the same trial.

MATERIALS AND METHODS
Literature search
We searched PubMed, MEDLINE, EMBASE, China
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Statistical analysis
We used Review Manager Software 5.0 (Cochrane Collab-
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Figure 1 Risk of bias in included trials. A: Adequate sequence generation; B: Allocation concealment; C: Blinding; D: Incomplete outcome data addressed; E: Free of
selective reporting; F: Free of other bias. 1: No (high risk of bias); 2: Unclear; 3: Yes (low risk of bias).

oration, Oxford, United Kingdom) for the data analysis.
For dichotomous data, we used relative risk (RR) as an effect measure, and reported its 95% CI. Meta-analysis was
performed using either a fixed-effect or random-effect
model, based on the absence or presence of significant
heterogeneity.
Statistical heterogeneity between trials was evaluated
by χ 2 and I2 analysis. The fixed-effect method was used in
the absence of statistically significant heterogeneity (P ≥
0.1), and the random-effect method was used when the
heterogeneity test was statistically significant (P < 0.1). P
< 0.05 was regarded as statistically significant. Subgroup
analysis was performed to examine the association between pre-specified characteristics (treatment duration)
and the therapeutic effect, sensitivity analysis was made
to estimate result stability, and funnel plots were used to
assess publication bias if more than five trials were included[11].

nine reported randomization, but did not describe the
method of randomization in detail[12,15,17-23], one reported
allocation concealment[24] and two presented blinding
method[22,24]. None of the trials referred to incomplete
outcome data addressed, free of selective reporting, and
free of other bias. Various risks of bias in the 13 trials. In
addition, none of the trials reported mortality, life quality
and liver cancer incidence are shown in Figure 1.
HBV DNA undetectability
All the trials reported the rate of HBV DNA undetectability. χ 2 and I2 analyses showed no heterogeneity (χ 2 =
35.37, P = 0.74, I2 = 0%); therefore, we used the fixedeffect method to analyze the data. The results showed
that in various treatment durations of 4 wk, 8 wk, 12 wk,
24 wk, 36 wk, 48 wk, 52 wk, 60 wk and 72 wk, there were
no statistical differences in the rate of HBV DNA undetectability between the two groups (RR 1.04, 95% CI 0.72,
1.49, P = 0.85; RR 0.98, 95% CI 0.74, 1.28, P = 0.86; RR
1.01, 95% CI 0.89, 1.15, P = 0.83; RR 1.06, 95% CI 0.99,
1.14, P = 0.12; RR 1.03, 95% CI 0.86, 1.37, P = 1.24; RR
1.02, 95% CI 0.95, 1.09, P = 0.63; RR 0.95, 95% CI 0.86,
1.05, P = 0.29; RR 1.02, 95% CI 0.83, 1.24, P = 0.88; and
RR 0.95, 95% CI 0.80, 1.12, P = 0.54 ) (Figure 2A).

RESULTS
Characteristics and quality of studies
We initially identified 1165 abstracts, and after evaluating the full texts, we included 13 trials (12 in Chinese and
one in English)[12-24] based on the pre-specified criteria. A
total of 3925 patients were included: 1987 treated with
LDT and 1938 treated with ETV. Table 1 shows the
characteristics of the 13 trials. All these studies showed
baseline comparability, 9 of them reported the baseline
of two groups in detail[13-15,17,19,20,22-24], the other 4 presented no significant differences in gender, age and duration of treatment between the two groups[12,16,18,21]. Three
described the methods of randomization in detail[13,14,24],

WJG|www.wjgnet.com

ALT normalization
Eleven trials reported the rate of ALT normalization[12,13,15-20,22-24].
2
2
2
χ and I analysis showed no heterogeneity (χ = 32.22, P
2
= 0.51, I = 0%). At various treatment durations of 4 wk,
8 wk, 12 wk, 24 wk, 36 wk, 48 wk, 52 wk, 60 wk and 72
wk, there were no statistical differences in the rate of ALT
normalization between the two groups (RR 1.08, 95% CI
0.81, 1.43, P = 0.59; RR 1.05, 95% CI 0.77, 1.43, P = 0.77;
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Table 1 Characteristics of included trials
Sample size (n )

Trials

Mean age (yr)
LDT

Observationtime
(wk)

Outcome HBV DNA undetectability
parameters
(copy/mL)

ETV

Zhao et al[12]
Zhu et al[13]
Zhou et al[14]
Xu et al[15]
Ye et al[16]
Zhang et al[17]
Liu[18]

36
30
52
30
46
75
20

36
30
63
30
46
65
20

34.30
28.00 ± 9.10 31.80 ± 7.10
46.30 ± 9.00
32.70 ± 10.60 33.60 ± 8.80
32.20
31.93 ± 7.96
33.50

600
600
600
600
600
600
600

0.5
0.5
0.5
0.5
0.5
0.5
0.5

48
24
48
24
48
72
48

24, 48
12, 24
12, 24, 36, 48
12, 24, 48
12, 24, 48
8 ,12, 24, 52, 72
4, 12, 24, 48

ABDE
ABCDE
ACD
ABCDF
ABCDE
ABDEF
ABCDF

1000
1000
100
500
1000

Zhao et al[19]
Shi et al[20]
Yu et al[21]
Huang et al[22]
Ding et al[23]
Zheng et al[24]

42
40
92
90
30
65

39
40
85
90
30
66

33.56 ± 10.25
30.50 ± 7.11 31.50 ± 7.95

600
600
600
600
600
600

0.5
0.5
0.5
0.5
0.5
0.5

60
24
48
52
48
24

8, 12, 24, 48, 60
12, 24
4, 8, 12, 24, 48
52
4, 8, 12, 24, 36, 48
12, 24

ABD
ABCD
ACD
ABCDE
ABCDEF
AFCDF

1000
500
500
500
1000
500

28.80 ± 9.80
37.20 ± 7.96
31.60 ± 8.70

ETV

Regimen (mg/d) Duration
(wk)
LDT
ETV

LDT

36.10 ± 7.12
33.50 ± 9.10

A: Hepatitis B virus DNA undetectability; B: Alanine aminotransferase normalization; C: Hepatitis B e antigen loss; D: Hepatitis B e antigen seroconversion;
E: Drug-resistance; F: Increased creatine kinase. LDT: Telbivudine; ETV: Entecavir; HBV: Hepatitis B virus.

I2 = 0%). The rate of drug-resistance was higher in the
LDT group than in the ETV group, and the difference
between two groups was statistically significant (RR =
3.76, 95% CI 1.28, 11.01, P = 0.02) (Figure 2E).

RR 1.05, 95% CI 0.94, 1.16, P = 0.40; RR 1.00, 95% CI
0.93, 1.08, P = 0.91; RR 0.95, 95% CI 0.67, 1.34, P = 0.78;
RR 1.01, 95% CI 0.92, 1.11, P = 1.08; RR 0.94, 95% CI
0.86, 1.02, P = 0.14; RR 0.96, 95%CI 0.77, 1.19, P = 0.69;
and RR 0.98, 95% CI 0.84, 1.13, P = 0.76) ( Figure 2B).

Adverse reactions
Ten trials reported on the adverse reactions[12-18,20,23,24]. No
severe adverse reactions were observed in both groups.
Common adverse reactions in the two groups included
influenza-like symptoms such as fever, headache, fatigue,
muscular stiffness, gastrointestinal upset such as nausea
and diarrhea, alopecia and rash. Five of the trials reported the rate of increased creatine kinase (CK)[15,17,18,23,24].
2
2
2
χ and I analyses showed no heterogeneity (χ = 1.06, P
2
= 0.94, I = 0%). The rate of increased CK was higher
in the LDT group than in the ETV group, the difference being statistically significant (RR 5.58, 95% CI 2.22,
13.98, P = 0.0002). But the increased CK recovered without any intervention, and did not influence the anti-HBV
treatment ( Figure 2F).

HBeAg loss
Ten trials reported the rate of HBeAg loss[13-16,18,20-24]. χ 2
and I2 analyses found no heterogeneity (χ 2 = 38.84, P = 0.04,
I2 = 36%). At 4 wk and 8 wk of the treatment, no statistical differences in the rate of HBeAg loss were observed
between the two groups (RR 2.89, 95% CI 0.31, 27.23,
P = 0.35; and RR 1.50, 95% CI 0.50, 4.46, P = 0.47). At
12 wk, 24 wk, 48 wk and 52 wk, the rate of HBeAg loss
was higher in the LDT group than in the ETV group, and
the difference between two groups was statistically significant (RR 2.28, 95% CI 1.16, 7.03, P = 0.02; RR 1.45, 95%
CI 1.16, 1.82, P = 0.001; RR 1.45, 95% CI 1.11, 1.89, P =
0.006; RR 1.86, 95% CI 1.04, 3.32, P = 0.04) (Figure 2C).
HBeAg seroconversion
All the trials reported the rate of HBeAg seroconversion.
2
2
2
χ and I analyses showed no heterogeneity (χ = 22.15, P
2
= 0.85, I = 0%). At 4 wk, 8 wk, 60 wk and 72 wk of the
treatment, the rate of HBeAg seroconversion in the two
groups was similar, and no statistical significances were
observed (RR 2.34, 95% CI 0.55, 9.92, P = 0.25; RR 1.55,
95% CI 0.77, 3.12, P = 0.22; RR 1.56, 95% CI 0.91, 2.67,
P = 0.1). However, at 12 wk, 24 wk, 48 wk and 52 wk, the
rate of HBeAg loss was higher in the LDT group than in
the ETV group, with statistically significant difference between two groups (RR 2.1, 95% CI 1.36, 3.24, P = 0.0008;
RR 1.71, 95% CI 1.29, 2.28, P = 0.0002; RR 1.86, 95%
CI 1.36, 2.54, P < 0.0001; RR 1.87, 95% CI 1.21, 2.90, P
= 0.005) (Figure 2D).

Statistical analysis
Meta-analysis was performed based on the rate of HBeAg
seroconversion, using the fixed-effect model, and the
minimum sample size trials were excluded[18]. Odds ratio
(OR) of all sensitivity analyses was higher than 1 and statistically significant (P < 0.05) (Table 2).
Funnel plots
Funnel plots were performed based on the rate of HBV
DNA undetectability. The results showed that funnel
plots were symmetric and suggested that there was no
publication bias (Figure 3).

DISCUSSION

Drug-resistance
Six trials reported drug-resistance[12,13,16,17,22,23]. χ 2 and I2
analyses showed no heterogeneity (χ 2 = 0.63, P = 0.96,

WJG|www.wjgnet.com

The RCTs comparing LDT with ETV for patients with
HBeAg-positive chronic hepatitis B were included, and
meta-analyses on virology, serology, biochemical respons-
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A

LDT
ETV
Study of subgroup
Events Total
Events
Total
1.1.1 4 wk
Ding et al
9
30
8
30
Yu et al
2
92
1
85
Liu et al
15
20
16
20
Subtotal (95% CI)
142
135
Total events
26
25
2
2
Heterogeneity: χ = 0.61, df = 2 (P = 0.74); I = 0%
Test for overall effect: Z = 0.19 (P = 0.85)
1.1.2 8 wk
Zhang et al
16
75
Ding et al
12
30
Zhao et al
9
42
Yu et al
35
92
Subtotal (95% CI)
239
Total events
72
2
2
Heterogeneity: χ = 4.02, df = 3 (P = 0.26); I =
Test for overall effect: Z = 0.18 (P = 0.86)
1.1.3 12 wk
Zhu et al
11
30
Xu et al
21
30
Zhang et al
34
75
Ding et al
15
30
Shi et al
20
40
Zhao et al
19
42
Zheng et al
28
65
Yu et al
45
92
Ye et al
24
46
Liu et al
17
20
Zhou et al
23
52
Subtotal (95% CI)
522
Total events
257
2
2
Heterogeneity: χ = 14.74, df = 10 (P = 0.14); I
Test for overall effect: Z = 0.21 (P = 0.83)

20
11
12
25

1.1.6 48 wk
Zhao et al
Ding et al
Zhao et al
Yu et al
Ye et al
Liu et al
Zhou et al

28
21
34
83
40
18
42

36
30
42
92
46
20
52

WJG|www.wjgnet.com

Risk ratio
M-H, Fixed, 95% CI

0.6%
0.1%
1.3%
2.0%

1.13 [0.50, 2.52]
1.85 [0.17, 20.01]
0.94 [0.67, 1.31]
1.04 [0.72, 1.49]

65
30
39
85
219

1.7%
0.9%
1.0%
2.0%
5.5%

0.69 [0.39, 1.22]
1.09 [0.57, 2.07]
0.70 [0.33, 1.47]
1.29 [0.85, 1.97]
0.98 [0.74, 1.28]

30
30
65
30
40
39
66
85
46
20
63
514

1.8%
1.3%
2.9%
1.2%
1.6%
1.6%
1.8%
3.3%
1.2%
1.3%
1.8%
19.7%

0.48 [0.29, 0.80]
1.24 [0.84, 1.83]
0.87 [0.62, 1.22]
1.00 [0.60, 1.66]
1.00 [0.65, 1.55]
0.88 [0.56, 1.39]
1.24 [0.80, 1.90]
1.04 [0.76, 1.41]
1.60 [0.97, 2.64]
1.00 [0.77, 1.30]
1.11 [0.72, 1.72]
1.01 [0.90, 1.15]

30
30
30
65
30
40
42
66
85
48
20
63
549

1.6%
1.7%
1.9%
3.6%
1.6%
2.2%
2.0%
3.0%
4.6%
2.6%
1.3%
3.7%
29.9%

0.86 [0.59, 1.25]
1.18 [0.91, 1.53]
1.08 [0.86, 1.36]
1.03 [0.81, 1.30]
0.81 [0.55, 1.20]
1.14 [0.89, 1.48]
1.12 [0.82, 1.52]
1.18 [0.90, 1.53]
1.17 [0.97, 1.40]
1.01 [0.78, 1.31]
1.00 [0.77, 1.30]
0.98 [0.82, 1.17]
1.06 [0.99, 1.14]

30
63
93

1.7%
3.1%
4.8%

0.91 [0.65, 1.27]
1.10 [0.88, 1.37]
1.03 [0.86, 1.24]

36
30
39
85
46
20
63

2.0%
1.8%
2.5%
5.8%
3.2%
1.4%
3.7%

1.08 [0.82, 1.41]
0.91 [0.67, 1.24]
1.02 [0.82, 1.26]
1.08 [0.96, 1.21]
0.98 [0.84, 1.13]
1.00 [0.81, 1.23]
0.98 [0.82, 1.17]

Risk ratio
M-H, Fixed, 95% CI

68
25%

23
17
34
15
20
20
23
40
15
17
25
249
= 32%

1.1.4 24 wk
Zhu et al
18
30
21
Xu et al
26
30
22
Zhao et al
26
30
24
Zhang et al
51
75
43
Ding et al
17
30
21
Shi et al
32
40
28
Zhao et al
29
42
26
Zheng et al
44
65
38
Yu et al
72
92
57
Ye et al
33
46
34
Liu et al
17
20
17
Zhou et al
42
52
52
Subtotal (95% CI)
552
Total events
407
383
2
2
Heterogeneity: χ = 7.04, df = 11 (P = 0.80); I = 0%
Test for overall effect: Z = 1.57 (P = 0.12)
1.1.5 36 wk
Ding et al
20
30
Zhou et al
40
52
Subtotal (95% CI)
82
Total events
60
2
2
Heterogeneity: χ = 0.89, df = 1 (P = 0.34); I =
Test for overall effect: Z = 0.35 (P = 0.73)

Weight

22
44
66
0%

26
23
31
71
41
18
52
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Subtotal (95% CI)
318
Total events
266
262
2
2
Heterogeneity: χ = 2.19, df = 6 (P = 0.90); I = 0%
Test for overall effect: Z = 0.48 (P = 0.63)

319

20.4%

1.02 [0.95, 1.09]

90
65
155

6.3%
4.4%
10.6%

0.89 [0.78, 1.01]
1.03 [0.88, 1.21]
0.95 [0.86, 1.05]

39
39

2.6%
2.6%

1.02 [0.83, 1.24]
1.02 [0.83, 1.24]

65
65

4.4%
4.4%

0.95 [0.80, 1.12]
0.95 [0.80, 1.12]

Total (95% CI)
2137
2088
Total events
1314
1270
2
2
Heterogeneity: χ = 35.78, df = 42 (P = 0.74); I = 0%

100.0%

1.02 [0.98, 1.06]

1.1.7 52 wk
Huang et al
71
90
80
Zhang et al
62
75
52
Subtotal (95% CI)
165
Total events
133
132
2
2
Heterogeneity: χ = 2.11, df = 1 (P = 0.15); I = 53%
Test for overall effect: Z = 1.05 (P = 0.29)
1.1.8 60 wk
Zhao et al
35
42
Subtotal (95% CI)
42
Total events
35
Heterogeneity: Not applicable
Test for overall effect: Z = 0.15 (P = 0.88)
1.1.9 72 wk
Zhang et al
58
75
Subtotal (95% CI)
75
Total events
58
Heterogeneity: Not applicable
Test for overall effect: Z = 0.62 (P = 0.54)

32
32

53
53

0.01

0.1

1

Favours experimental

B

LDT
ETV
Study of subgroup
Events
Total
Events
Total
1.2.1 4 wk
Ding et al
8
30
7
30
Liu et al
19
20
18
20
Subtotal (95% CI)
50
50
Total events
27
25
2
2
Heterogeneity: χ = 0.08, df = 1 (P = 0.78); I = 0%
Test for overall effect: Z = 0.53 (P = 0.59)
1.2.2 8 wk
Zhang et al
27
75
Ding et al
13
30
Zhao et al
15
42
Subtotal (95% CI)
147
Total events
55
2
2
Heterogeneity: χ = 0.03, df = 2 (P = 0.98); I =
Test for overall effect: Z = 0.30 (P = 0.77)

23
12
13

22
23
28
57
16

30
30
36
75
30
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Risk ratio
M-H, Fixed, 95% CI

0.7%
1.8%
2.5%

1.14 [0.47, 2.75]
1.06 [0.88, 1.26]
1.08 [0.81, 1.43]

65
30
39
134

2.4%
1.2%
1.3%
4.9%

1.02 [0.65, 1.59]
1.08 [0.59, 1.97]
1.07 [0.59, 1.95]
1.05 [0.77, 1.43]

30
30
65
30
40
39
65
46
20
365

2.0%
1.8%
4.5%
1.6%
2.4%
2.7%
3.7%
2.5%
1.8%
23.0%

0.73 [0.49, 1.08]
0.83 [0.53, 1.32]
1.13 [0.91, 1.40]
0.94 [0.57, 1.53]
0.88 [0.59, 1.29]
1.03 [0.78, 1.37]
1.47 [1.17, 1.85]
0.92 [0.62, 1.36]
1.06 [0.88, 1.26]
1.05 [0.94, 1.16]

30
30
36
65
30

2.6%
2.6%
2.5%
4.6%
1.8%

0.81 [0.64, 1.04]
0.85 [0.68, 1.07]
1.08 [0.82, 1.41]
1.12 [0.91, 1.39]
0.89 [0.57, 1.39]

100

Risk ratio
M-H, Fixed, 95% CI

48
0%

1.2.3 12 wk
Zhu et al
16
30
22
Xu et al
15
30
18
Zhang et al
56
75
43
Ding et al
15
30
16
Shi et al
21
40
24
Zhao et al
30
42
27
Zheng et al
56
65
38
Ye et al
23
46
25
Liu et al
19
20
18
Subtotal (95% CI)
378
Total events
251
231
2
2
Heterogeneity: χ = 14.80, df = 8 (P = 0.06); I = 46%
Test for overall effect: Z = 0.84 (P = 0.40)
1.2.4 24 wk
Zhu et al
Xu et al
Zhao et al
Zhang et al
Ding et al

Weight

10
Favours control

27
27
26
44
18
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Shi et al
31
40
30
Zhao et al
32
42
29
Zheng et al
51
65
49
Ye et al
39
46
40
Liu et al
18
20
17
Subtotal (95% CI)
414
Total events
317
307
2
2
Heterogeneity: χ = 7.01, df = 9 (P = 0.64); I = 0%
Test for overall effect: Z = 0.11 (P = 0.91)
1.2.5 36 wk
Ding et al
20
30
Subtotal (95% CI)
30
Total events
20
Heterogeneity: Not applicable
Test for overall effect: Z = 0.28 (P = 0.78)

21

1.2.7 52 wk
Huang et al
75
90
86
Zhang et al
62
75
52
Subtotal (95% CI)
165
Total events
137
138
2
2
Heterogeneity: χ = 3.29, df = 1 (P = 0.07); I = 70%
Test for overall effect: Z = 1.46 (P = 0.14)

1.2.9 72 wk
Zhang et al
62
75
Subtotal (95% CI)
75
Total events
62
Heterogeneity: Not applicable
Test for overall effect: Z = 0.31 (P = 0.76)

2.9%
2.9%
4.8%
3.9%
1.7%
30.5%

1.03 [0.81, 1.32]
1.02 [0.80, 1.32]
1.06 [0.87, 1.28]
0.97 [0.83, 1.15]
1.06 [0.84, 1.34]
1.00 [0.93, 1.08]

30
30

2.1%
2.1%

0.95 [0.67, 1.34]
0.95 [0.67, 1.34]

36
30
39
46
20
171

2.7%
2.4%
3.2%
4.1%
1.8%
14.1%

1.07
0.96
0.99
1.02
1.00
1.01

21

1.2.6 48 wk
Zhao et al
30
36
28
Ding et al
23
30
24
Zhao et al
33
42
31
Ye et al
43
46
42
Liu et al
18
20
18
Subtotal (95% CI)
174
Total events
147
143
2
2
Heterogeneity: χ = 0.50, df = 4 (P = 0.97); I = 0%
Test for overall effect: Z = 0.24 (P = 0.81)

1.2.8 60 wk
Zhao et al
33
42
Subtotal (95% CI)
42
Total events
33
Heterogeneity: Not applicable
Test for overall effect: Z = 0.39 (P = 0.69)

40
39
66
46
20
402

32

90
65
155

8.4%
5.5%
13.9%

0.87 [0.79, 0.97]
1.03 [0.88, 1.21]
0.94 [0.86, 1.02]

39
39

3.3%
3.3%

0.96 [0.77, 1.19]
0.96 [0.77, 1.19]

65
65

5.8%
5.8%

0.98 [0.84, 1.13]
0.98 [0.84, 1.13]

1411

100.0%

1.01 [0.96, 1.05]

32

55
55

Total (95% CI)
1475
Total events
1049
1000
2
2
Heterogeneity: χ = 32.22, df = 33 (P = 0.51); I = 0%
Test for overall effect: Z = 0.23 (P = 0.82)
Test for subgroup differences: Not applicable.

0.01

LDT
ETV
Study of subgroup
Events
Total
Events
Total
1.3.1 4 wk
Ding et al
1
30
0
30
Yu et al
1
92
0
85
Liu et al
0
20
0
20
Subtotal (95% CI)
142
135
Total events
2
0
2
2
2
Heterogeneity: Tau = 0.00; χ = 0.00, df = 1 (P = 0.97); I = 0%
Test for overall effect: Z = 0.93 (P = 0.35)

2
6

30
92
122

8
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1
4

0.1

1

Favours experimental

C

1.3.2 8 wk
Ding et al
Yu et al
Subtotal (95% CI)
Total events

[0.85, 1.35]
[0.73, 1.25]
[0.79, 1.24]
[0.91, 1.15]
[0.81, 1.23]
[0.92, 1.11]

30
85
115

Weight
0.5%
0.5%

Risk ratio
M-H, Random, 95% CI

0.9%

3.00 [0.13, 70.83]
2.77 [0.11, 67.19]
Not estimable
2.89 [0.31, 27.23]

0.8%
2.6%
3.4%

2.00 [0.19, 20.90]
1.39 [0.40, 4.74]
1.50 [0.50, 4.46]

10

100

Favours control

Risk ratio
M-H, Random, 95% CI

5
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2

2

2

Heterogeneity: Tau = 0.00; χ = 0.07, df = 1 (P = 0.79); I = 0%
Test for overall effect: Z = 0.73 (P = 0.47)
1.3.3 12 wk
Zhu et al
6
30
14
30
4.7%
Xu et al
11
30
5
30
4.0%
Ding et al
5
30
3
30
2.2%
Shi et al
12
40
2
40
2.0%
Zheng et al
13
65
2
66
2.0%
Yu et al
27
97
4
85
3.5%
Ye et al
3
46
0
46
0.5%
Liu et al
3
20
0
20
0.5%
Subtotal (95% CI)
358
347
19.5%
Total events
80
30
2
2
2
Heterogeneity: Tau = 1.10; χ = 25.62, df = 7 (P = 0.0006); I = 73%
Test for overall effect: Z = 2.29 (P = 0.02)
1.3.4 24 wk
Zhu et al
8
30
10
30
Xu et al
14
30
6
30
Ding et al
7
30
5
30
Shi et al
18
40
13
40
Zheng et al
24
65
19
66
Yu et al
44
92
27
85
Ye et al
10
46
3
46
Liu et al
4
20
2
20
Subtotal (95% CI)
353
347
Total events
129
85
2
2
2
Heterogeneity: Tau = 0.00; χ = 5.83, df = 7 (P = 0.56); I = 0%
Test for overall effect: Z = 3.22 (P = 0.001)
1.3.6 48 wk
Ding et al
10
30
6
30
Yu et al
47
92
35
85
Ye et al
20
46
10
46
Liu et al
8
20
2
20
Zhou et al
8
52
7
63
Subtotal (95% CI)
240
244
Total events
93
60
2
2
2
Heterogeneity: Tau = 0.00; χ = 4.06, df = 4 (P = 0.40); I = 2%
Test for overall effect: Z = 2.75 (P = 0.006)
1.3.7 52 wk
Huang et al
26
90
Subtotal (95% CI)
90
Total events
26
Heterogeneity: Not applicable
Test for overall effect: Z = 2.09 (P = 0.04)

14

90
90

0.43 [0.19, 0.96]
2.20 [0.87, 5.57]
1.67 [0.44, 6.36]
6.00 [1.43, 25.11]
6.60 [1.55, 28.10]
5.91 [2.16, 16.22]
7.00 [0.37, 131.81]
7.00 [0.38, 127.32]
2.86 [1.16, 7.03]

5.0%
4.7%
3.4%
7.2%
8.0%
9.7%
2.6%
1.7%
42.3%

0.80 [0.37, 1.74]
2.33 [1.04, 5.25]
1.40 [0.50, 3.92]
1.38 [0.79, 2.43]
1.28 [0.78, 2.10]
1.51 [1.03, 2.20]
3.33 [0.98, 11.33]
2.00 [0.41, 9.71]
1.45 [1.16, 1.82]

4.3%
10.5%
6.3%
2.0%
3.8%
27.0%

1.67 [0.69, 4.00]
1.24 [0.90, 1.71]
2.00 [1.05, 3.79]
4.00 [0.97, 16.55]
1.38 [0.54, 3.56]
1.45 [1.11, 1.89]

7.0%
7.0%

1.86 [1.04, 3.32]
1.86 [1.04, 3.32]

14

Total (95% CI)
1305
1278
100.0%
Total events
338
194
2
2
2
Heterogeneity: Tau = 0.09; χ = 38.84, df = 25 (P = 0.04); I = 36%
Test for overall effect: Z = 4.66 (P < 0.00001)

1.68 [1.35, 2.09]

D

Risk ratio
M-H, Fixed, 95% CI

LDT
Study of subgroup
Events
Total
1.4.1 4 wk
Yu et al
0
92
Liu et al
0
20
Subtotal (95% CI)
112
Total events
0
Heterogeneity: Not applicable
Test for overall effect: Not applicable

ETV
Events

Total

0
0

85
20
105

0.1

1

Favours experimental

10

100

Favours control

Risk ratio
M-H, Fixed, 95% CI

Not estimable
Not estimable
Not estimable

0

1.4.2 8 wk
Zhang et al
3
75
1
Zhao et al
2
42
1
Yu et al
1
92
0
Subtotal (95% CI)
209
Total events
6
2
2
2
Heterogeneity: χ = 0.06, df = 2 (P = 0.97); I = 0%
Test for overall effect: Z = 1.16 (P = 0.25)

WJG|www.wjgnet.com

Weight

0.01

65
39
85
189

0.6%
0.5%
0.3%
1.4%
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1.86 [0.18, 19.68]
2.77 [0.11, 67.19]
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1.4.3 12 wk
Zhu et al
4
30
11
Xu et al
8
30
2
Zhang et al
6
75
3
Shi et al
8
40
2
Zhao et al
3
42
2
Zheng et al
9
65
2
Yu et al
21
92
5
Ye et al
0
46
0
Liu et al
0
20
0
Subtotal (95% CI)
440
Total events
59
27
2
2
Heterogeneity: χ = 15.69, df = 6 (P = 0.02); I = 62%
Test for overall effect: Z = 3.36 (P = 0.0008)
1.4.4 24 wk
Zhu et al
8
30
6
Xu et al
12
30
6
Zhao et al
7
36
6
Zhang et al
12
75
6
Shi et al
11
40
7
Zhao et al
6
42
4
Zheng et al
16
65
9
Yu et al
26
92
14
Ye et al
7
46
2
Liu et al
2
20
0
Subtotal (95% CI)
476
Total events
107
60
2
2
Heterogeneity: χ = 2.52, df = 9 (P = 0.98); I = 0%
Test for overall effect: Z = 3.71 (P = 0.0002)
1.4.5 48 wk
Zhao et al
10
36
7
Ding et al
8
30
5
Zhao et al
15
42
9
Yu et al
37
92
18
Ye et al
12
46
4
Liu et al
4
20
0
Zhou et al
3
52
3
Subtotal (95% CI)
318
Total events
89
46
2
2
Heterogeneity: χ = 2.97, df = 6 (P = 0.81); I = 0%
Test for overall effect: Z = 3.89 (P < 0.0001)
1.4.6 52 wk
Huang et al
25
90
Zhang et al
23
75
Subtotal (95% CI)
165
Total events
48
2
2
Heterogeneity: χ = 0.02, df = 1 (P = 0.89); I =
Test for overall effect: Z = 2.80 (P = 0.005)
1.4.7 60 wk
Zhao et al
15
42
Subtotal (95% CI)
42
Total events
15
Heterogeneity: Not applicable
Test for overall effect: Z = 1.22 (P = 0.22)
1.4.8 72 wk
Zhang et al
27
75
Subtotal (95% CI)
75
Total events
27
Heterogeneity: Not applicable
Test for overall effect: Z = 1.62 (P = 0.10)

13
11

5.8%
1.1%
1.7%
1.1%
1.1%
1.0%
2.7%

14.5%

0.36 [0.13, 1.01]
4.00 [0.92, 17.30]
1.73 [0.45, 6.66]
4.00 [0.90, 17.68]
1.39 [0.25, 7.90]
4.57 [1.03, 20.34]
3.88 [1.53, 9.83]
Not estimable
Not estimable
2.10 [1.36, 3.24]

30
30
36
65
40
39
66
85
46
20
457

3.2%
3.2%
3.2%
3.4%
3.7%
2.2%
4.7%
7.7%
1.1%
0.3%
32.6%

1.33 [0.53, 3.38]
2.00 [0.86, 4.63]
1.17 [0.43, 3.13]
1.73 [0.69, 4.36]
1.57 [0.68, 3.64]
1.39 [0.42, 4.57]
1.81 [0.86, 3.79]
1.72 [0.96, 3.06]
3.50 [0.77, 15.96]
5.00 [0.26, 98.00]
1.71 [1.29, 2.28]

36
30
39
85
46
20
63
319

3.7%
2.6%
4.9%
9.9%
2.1%
0.3%
1.4%
25.0%

1.43 [0.61, 3.34]
1.60 [0.59, 4.33]
1.55 [0.77, 3.12]
1.90 [1.18, 3.07]
3.00 [1.04, 8.62]
9.00 [0.52, 156.91]
1.21 [0.26, 5.75]
1.86 [1.36, 2.54]

90
65
155

6.9%
6.2%
13.1%

1.92 [1.05, 3.52]
1.81 [0.96, 3.43]
1.87 [1.21, 2.90]

39
39

4.9%
4.9%

1.55 [0.77, 3.12]
1.55 [0.77, 3.12]

65
65

8.5%
8.5%

1.56 [0.91, 2.67]
1.56 [0.91, 2.67]

100.0%

1.81 [1.55, 2.13]

24
0%

9
9

15
15

Total (95% CI)
1837
Total events
351
183
2
2
Heterogeneity: χ = 22.15, df = 30 (P = 0.85); I = 0%
Test for overall effect: Z = 7.29 (P < 0.00001)
Test for subgroup differences: Not applicable.
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2
6
1
0

ETV
Total
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75
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46

Events
0
0
0
2
0
0

Total (95% CI)
307
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2
2
2
Heterogeneity: χ = 0.63, df = 4 (P = 0.96); I = 0%
Test for overall effect: Z = 2.41 (P = 0.02)

F

Events
3
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1
8
2

Weight
12.1%
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Risk ratio
M-H, Fixed, 95% CI
3.00 [0.13, 70.83]
9.00 [0.49, 164.76]
5.00 [0.25, 100.63]
2.60 [0.54, 12.44]
3.00 [0.13, 70.83]
Not estimable

297

100.0%

3.76 [1.28, 11.01]
0.1

1
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ETV

Total
30
75
30
65
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Risk ratio
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0.01
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Xu et al
Zhang et al
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Zheng et al
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Events
0
3
0
0
0

Total (95% CI)
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Total events
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3
2
2
Heterogeneity: χ = 1.06, df = 4 (P = 0.90); I = 0%
Test for overall effect: Z = 3.67 (P = 0.0002)

Total
30
65
30
66
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Weight
9.6%
61.7%
9.6%
9.5%
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Risk ratio
M-H, Fixed, 95% CI
7.00 [0.38, 129.93]
4.04 [1.22, 13.45]
3.00 [0.13, 70.83]
17.26 [1.02, 292.98]
5.00 [0.26, 98.00]

211
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Figure 2 Meta-analysis of the two groups. A: Hepatitis B virus DNA undetectability; B: Alanine aminotransferase normalization; C: Hepatitis B e antigen (HBeAg)
loss; D: HBeAg seroconversion; E: Drug-resistance; F: Increased creatine kinase (CK). ETV: Entacavir; LDT: Telbivudine.
Subgroup
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8 wk
12 wk

0.0

SE (log[RR])

0.5

Table 2 Sensitivity analysis
Index

24 wk
36 wk
48 wk

[18]

Excluding the minimum sample size trials
Using random-effect model
Using fixed-effect model

52 wk
60 wk
72 wk

1.0

Total HBeAg loss
OR (95% CI)

P vaule

1.64 (1.31, 2.05) < 0.00 010
1.68 (1.35, 2.09) < 0.00 001
1.69 (1.46, 1.97) < 0.00 001

OR: Odds ratio; HBeAg: Hepatitis B e antigen.

1.5

2.0
0.01

0.10

1.00
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10

ability between the two groups. This suggested that both
LDT and ETV have rapid and effective anti-viral activity
and the result is similar with a large sample size study[29].
In addition, there was also no significant difference in the
rate of ALT normalization between the two drugs.
HBeAg is a protein expressed by pre-C gene. HBeAg
loss occurs with the rise of immunomodulatory effect
which can suppress HBV DNA replication. HBeAg seroconversion has been established as a key marker of treatment response and is associated with improved clinical
outcomes. It is one of the significant withdrawal standards
for HBeAg-positive patients and suggests that patients
can obtain sustained immune response[30]. The results of
the meta-analysis showed that at 4 wk and 8 wk of the
treatment, the rates of HBeAg loss and HBeAg seroconversion were similar, with no statistical difference between
the two groups, while at 12 wk, 24 wk, 48 wk and 52 wk,
the rate was higher in the LDT group than in the ETV
group, the difference being statistically significant. At 60
wk and 72 wk, there was no significant difference in the
rate of HBeAg seroconversion between the two groups.
These results suggested that the rates of HBeAg loss and
HBeAg seroconversion in the short-term and medium-

100

Figure 3 Funnel plots of the two groups in hepatitis B virus DNA undetectability. RR: Relative risk;

es, drug-resistance and adverse reactions were performed
to examine the association between pre-specified characteristics (treatment duration) and the therapeutic effect
of the two drugs.
HBV DNA level is a primary prognostic marker for
the treatment of patients with CHB[25,26]. The early and
sustained suppression of HBV DNA replication is associated with improved long-term rates of virological,
serological and biochemical responses. Rapidly and effectively suppressing HBV DNA replication can decrease
the incidence of liver cirrhosis (LC), HCC and drug-resistance[27,28]. The results of the meta-analysis showed that
in various treatment durations (4 wk, 8 wk, 12 wk, 24 wk,
36 wk, 48 wk, 52 wk, 60 wk and 72 wk), there were no
statistical differences in the rate of HBV DNA undetect-
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term treatment were higher in the LDT group than in the
ETV group. So LDT can be used as a primary drug for
HBeAg-positive patients. However, its long-term efficacy
needs to be further explored.
The higher rate of HBeAg seroconversion during LDT
treatment might be associated with the potential immunomodulatory effect of LDT. CHB is a viral as well
as an immunological disease. Specific immune function
is impaired in the patients with CHB. Many studies suggested that LDT promoted T-helper 1 cytokine and
CD4+/CD8+ cell production, but only downregulated
programmed death ligand 1, regulatory T cell and T-helper 2 cytokine production[31-33]. These immunomodulatory
effects increase the rate of HBeAg seroconversion.
ETV has a high genetic barrier to resistance[34-36]. The
meta-analysis (Figure 2E) showed that the rate of drugresistance was higher in the LDT group (4.69%) than in
the ETV group (0.75%), the difference being statistically
significant between the two groups. ETV has a lower
drug-resistance than LDT and it is preferred for longterm anti-HBV activity.
The meta-analysis (Figure 2F) showed no severe adverse reactions in the two groups. Although the rate of
increased CK in the LDT group was higher than in the
ETV group, CK can recover without any intervention,
and does not influence the anti-HBV treatment. These
results suggest that both LDT and ETV are safe and well
tolerated.
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Adjuvant probiotics improve the eradication effect of triple
therapy for Helicobacter pylori infection
Yi-Qi Du, Tun Su, Jian-Gao Fan, Yu-Xia Lu, Ping Zheng, Xing-Hua Li, Chuan-Yong Guo, Ping Xu, Yan-Fang Gong,
Zhao-Shen Li
mycin 500 mg bid , and amoxicillin 1000 mg bid ; OCA
group, n = 79); two weeks of pre-treatment with pro7
biotics, containing 3 × 10 Lactobacillus acidophilus per
day, prior to one week of triple therapy (POCA group,
n = 78); or one week of triple therapy followed by two
weeks of the same probiotics (OCAP group, n = 77).
Successful eradication was defined as a negative C13 or
C14 urease breath test four weeks after triple therapy.
Patients were asked to report associated symptoms at
baseline and during follow-up, and side effects related
to therapy were recorded. Data were analyzed by both
intention-to-treat (ITT) and per-protocol (PP) methods.
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RESULTS: PP analysis involved 228 patients, 78 in the
OCA, 76 in the POCA and 74 in the OCAP group. Successful eradication was observed in 171 patients; by PP
analysis, the eradication rates were significantly higher
(P = 0.007 each) in the POCA (62/76; 81.6%, 95%
CI 72.8%-90.4%) and OCAP (61/74; 82.4%, 95% CI
73.6%-91.2%) groups than in the OCA group (48/78;
61.5%, 95% CI 50.6%-72.4%). ITT analysis also
showed that eradication rates were significantly higher
in the POCA (62/78; 79.5%, 95% CI 70.4%-88.6%)
and OCAP (61/77; 79.2%, 95% CI 70%-88.4%)
groups than in the OCA group (48/79; 60.8%, 95% CI
49.9%-71.7%), (P = 0.014 and P = 0.015). The symptom relieving rates in the POCA, OCAP and OCA groups
were 85.5%, 89.2% and 87.2%, respectively. Only one
of the 228 patients experienced an adverse reaction.
CONCLUSION: Administration of probiotics before
or after standard triple therapy may improve H. pylori
eradication rates.

Abstract

AIM: To investigate whether the addition of probiotics
can improve the eradication effect of triple therapy for
Helicobacter pylori (H. pylori ) infection.

© 2012 Baishideng. All rights reserved.

Key words: Helicobacter pylori ; Probiotic; Eradication

METHODS: This open randomized trial recruited 234 H.
pylori positive gastritis patients from seven local centers. The patients were randomized to one-week standard triple therapy (omeprazole 20 mg bid , clarithro-
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Table 1 Demographic characteristics of Helicobacter pylori
infected patients in probiotic pre-treated, post-treated and
standard therapy groups (per protocol set, n = 228)

INTRODUCTION
Eradication therapy has been widely used since Helicobacter pylori (H. pylori) was recognized as a major cause of
peptic ulcers, gastric atrophy and stomach neoplasms[1].
However, the classic one-week triple therapy, consisting of a proton pump inhibitor (PPI), clarithromycin
and amoxicillin, has become less effective, with eradication rates as low as 50%-70%[2,3], especially in areas
with a high prevalence of clarithromycin resistance[4].
For example, in Shanghai from 2000 to 2009, the resistance rates of H. pylori to clarithromycin and levofloxacin increased from 8.6% to 20.7% and from 10.3%
to 32.5%, respectively, whereas the resistance rates to
metronidazole remained stable at 40%-50%[5]. In addition, the high rates of antibiotic-associated side-effects
may result in poor patient compliance[6]. Administration
of probiotics to adults[7,8] and children[9,10] has been reported to improve H. pylori eradication rates and to reduce the side-effects of PPI-based eradicating therapies.
However, the timing of probiotic administration relative
to the triple therapy has not been well characterized. In
most studies, probiotics were started immediately after
the start of triple therapy and were administered for
one[11] to four[12] weeks. Bacteria of the Lactobacillus family were shown to inhibit H. pylori colonization of the
stomach[13,14] and the binding of H. pylori to its glycolipid
receptors[15]. To better investigate the effects of probiotics, in the present work we examined whether probiotics administered before or after eradication therapy to
H. pylori-infected individuals could better enhance the
eradication rate.
Lactobacillus acidophilus (L. acidophilus) is a common
bacterium that resides in the human gastrointestinal tract
and is added to food and milk. Compared with other
Lactobacillus species, L. acidophilus has shown promising
effects in the treatment of H. pylori[16,17]. We therefore
used a compound probiotic, with L. acidophilus as the
predominant bacterium. In this multicenter, open and
randomized trial, we assessed whether probiotics, administered before or after H. pylori eradication therapy,
could enhance eradication rates. We found that both approaches improved eradication rates, although the rate
was somewhat higher in patients administered probiotics
after than before triple therapy.

OCAP
(n = 74)

OCA
P value
(n = 78)

Age, yr
44.9 ± 13.8
Sex (male %)
32 (42.1)
H. pylori test (pre-therapy)
13
C-UBT
13 (17.1)
14
C-UBT
23 (30.3)
RUT
34 (44.7)
HE
6 (7.9)
H. pylori test (post-therapy)
13
C-UBT
38 (50.0)
14
C-UBT
38 (50.0)
Mean follow-up time, d 58.2 ± 15.5

48.2 ± 12.2
26 (35.1)

48.0 ± 13.3
33 (42.3)

10 (13.5)
24 (32.4)
34 (45.9)
6 (8.1)

14 (17.9)
21 (26.9)
34 (43.6)
9 (11.5)

34 (45.9)
40 (54.1)
44.9 ± 12.3

0.2271
0.5942
0.9492

0.8792

38 (48.7)
40 (51.3)
43.2 ± 11.0 < 0.0011

Data are presented as mean ± SD or n (%). 1Student’s t test; 2Fisher’s exact
test. H. pylori: Helicobacter pylori; UBT: Urea breath test; RUT: Rapid urease
test; HE: Hematoxylin and eosin stain; POCA: Probiotic pre-treated group;
OCAP: Probiotic post-treated group; OCA: Standard therapy group.

18-65 years, newly diagnosed with gastritis or dyspepsia
and infected with H. pylori. H. pylori infection was determined by rapid urease tests (RUT) during endoscopy; by
pathologic examination of antrum specimens; or by C13
or C14 urea breath tests (UBT)[18]. The method used by
each participating center is shown in Table 1. Candidates
for inclusion were screened from November 2008 to
July 2009. Exclusion criteria were: (1) neoplasm or peptic
ulcer with or without complications, or gastroesophageal
reflux disease; (2) previous failure of H. pylori eradication
or a history of gastric surgery; (3) consumption of acidinhibitors, bismuth compounds, antibiotics, or probiotics
during the previous 4 wk; and (4) known allergy to antibiotics or probiotics.
Study design
The enrolled patients were randomized 1:1:1 into three
groups (Figure 1). One group received standard triple
therapy, consisting of omeprazole 20 mg bid, clarithromycin 500 mg bid, and amoxicillin 1000 mg bid for 7 d
(OCA group). The second group received two weeks
of pre-treatment with probiotics, containing 3 × 107 L.
acidophilus per day, prior to one week of triple therapy
(POCA group), and the third group received one week
of triple therapy followed by two weeks of the same
probiotics (OCAP group).
Due to uncertainties about the effects of the addition of probiotics, we estimated sample size by the noninferiority method. Assuming eradication rates of 90%
and 85% in probiotic-combined and OCA groups (α =
0.05 and β = 0.2), respectively, at least 70 individuals per
group would be required. We calculated a final sample
size of 240, including 30 patients at each center and 60
at the leading institute. The randomization number was
produced by SPSS 18.0 software with a block of three
and assigned to each center.
Each probiotic tablet (Yi Jun Kang®, He Li Pharm.
Co. Ltd. China), weighing 0.5 g, contained 5 × 10 6

MATERIALS AND METHODS
Patients
The patient population consisted of individuals, aged
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(n = 76)

6303

November 21, 2012|Volume 18|Issue 43|

Du YQ et al . Pre- and post-probiotics treatment for H. pylori
0

Week 2

Week 3

Week 7

Triple therapy
treatment

Probiotics treatment
POCA
7

3.0 × 10 L. acidophilus daily
7
1.5 × 10 S. faecalis daily
4
3.0 × 10 B. subtilis daily

OME 20 mg bid
CLA 500 mg bid
AMO 1.0 bid
0

Urea breath test
Clinical evaluation

Week 2
Triple therapy
treatment

OCAP

Week 5

Probiotics treatment
7

OME 20 mg bid
CLA 500 mg bid
AMO 1.0 bident
0

Week 3

3.0×10 L. acidophilus daily
7
1.5×10 S. faecalis daily
4
3.0×10 B. subtilis daily

Week 1

Urea breath test
Clinical evaluation
Week 5

Triple therapy
treatment

OCA

Urea breath test
Clinical evaluation

Figure 1 Flow chart of the study. OME: Omeprazole; CLA: Clarithromycin; AMO: Amoxicillin; POCA: Probiotic pre-treated group; OCAP: Probiotic post-treated
group; OCA: Standard therapy group.

Symptoms and safety evaluation
All patients were asked to report associated symptoms at
baseline and during follow-up, including abdominal pain,
acid regurgitation, heartburn, nausea, vomiting, abdominal distension and diarrhea. Any side effect related to
therapy was recorded and analyzed.

Table 2 Helicobacter pylori eradication results in the participating centers
Center UBT

n

01
02
03
04
05
06
07

52
29
30
29
30
29
29

H. pylori eradication rate (%)
POCA

C13
C13
C14
C13
C14
C14
C14

OCAP

OCA

83.3 (15/18) 80.0 (12/15) 52.6 (10/19)
80.0 (8/10)
90.0 (9/10) 88.9 (8/9)
70.0 (7/10)
50.0 (5/10)
30.0 (3/10)
80.0 (8/10) 88.9 (8/9)
70.0 (7/10)
100 (10/10) 70.0 (7/10)
60.0 (6/10)
88.9 (8/9)
100 (10/10) 40.0 (4/10)
66.7 (6/9)
100 (10/10) 100 (10/10)

Total
71.2
86.2
50.0
79.3
76.7
75.9
89.7

Statistical analysis
Data were computerized and analyzed with SPSS 18.0
software (IBM Corporation, NY, United States). The
intention-to-treat (ITT) population consisted of all
randomized patients, whereas the per-protocol (PP)
population consisted of subjects who completed the
entire study without any major protocol violations. The
baseline demographic and clinical characteristics of the
ITT and PP populations, and of the three groups of
randomized patients in each population, were compared
using Student’s t tests and Fisher’s exact tests, as warranted. Eradication rates in the three groups were compared by Fisher’s exact tests. The eradication rate and
95% confidence intervals in each group were calculated
for both the PP and ITT populations. All statistical tests
were two-sided, with a 5% level of significance.

H. pylori: Helicobacter pylori; UBT: Urea breath test; POCA: Probiotic pretreated group; OCAP: Probiotic post-treated group; OCA: Standard therapy group.

L. acidophilus, 2.5 × 106 Streptococcus faecalis (S. faecalis)
and 5 × 103 Bacillus subtilis (B. subtilis). Patients were instructed to take two of these tablets 30 min after meal,
three times a day. Boxes containing a sufficient number
of these tablets for the study period were provided to
each patient by the probiotics producer.
Patient compliance was evaluated by counting the
number of tablets returned, with an error rate lower than
5% considered acceptable. Four weeks after the completion of H. pylori eradication therapy, H. pylori status was
assessed using a C13 or C14 based UBT (Table 2), with
complete eradication defined as < 4.0 dpm and < 100
dpm, respectively.
The study was performed in accordance with good
clinical practice and the guidelines of the Declaration of
Helsinki. All patients provided a written informed consent and the study protocol was approved by the Ethics
Committee of Changhai Hospital (CHEC2008-041).
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RESULTS
We enrolled 234 H. pylori positive subjects. Of them,
228 were included in the PP population, with 76, 74
and 78 subjects in the POCA, OCAP and OCA groups,
respectively (Figure 2). Two patients were randomized
in error, including one patient aged 81 years randomized to OCAP and one patient with a bleeding duodenal
ulcer randomized to POCA. One subject in the OCAP
group was reassessed by RUT. Two patients showed a
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100

ITT analysis
n = 234

PP analysis
n = 228

6
2
1
1
2

H. pylori eradication rate (%)

Patients enrolled and randomized
n = 234

cases excluded:
wrong enrollment
used RUT as re-assess method
with nausea and vomiting
poor compliance

90
70

POCA

OCAP

OCA

n = 74

n = 78

50
40
30
20
10
PP

ITT

Figure 3 Helicobacter pylori eradication rates in groups treated with triple
therapy, with or without probiotics. aP < 0.05, bP < 0.01 vs the standard
therapy group (OCA group) by Fisher’s exact test. H. pylori: Helicobacter pylori;
POCA: Probiotic pre-treated group; OCAP: Probiotic post-treated group; PP:
Per protocol; ITT: Intention-to-treat.

Figure 2 Flow diagram showing numbers of patients enrolled and missed
for per protocol and intention-to-treat analyses. ITT: Intention-to-treat; PP:
Per-protocol; RUT: Rapid urease test; POCA: Probiotic pre-treated group;
OCAP: Probiotic post-treated group; OCA: Standard therapy group.

patients experienced an adverse effect. This patient, randomized to the POCA group, experienced severe vomiting on the fourth day of antibiotic treatment. Sideeffect rates did not differ significantly among the three
groups.

poor compliance with treatment, one each in the OCAP
and OCA groups. One patient in the POCA group
complained of nausea and vomiting on the fourth day
of triple therapy and discontinued the study. The baseline demographic and clinical characteristics of the 228
enrolled patients are shown in Table 1. There were no
significant differences in mean age, sex distribution, and
distribution of H. pylori detecting methods. H. pylori was
initially assessed by RUT in 102 (44.7%) patients, by
UBT in 105 (46.1%) and by pathology in 21 (9.2%). C13
UBT was used for the second assessment of H. pylori in
about 50% of patients, and C14 UBT in the other 50%.
The mean follow-up time was significantly longer in
the POCA (58.2 d) than in the OCAP and OCA (44 d)
groups, due to the study design and treatment protocol
(Figure 1).

DISCUSSION
To our knowledge, this study is the first to show that
administration of probiotics, either before or after traditional triple therapy, enhances H. pylori eradication rates.
We found, in particular, that probiotic treatment after
triple therapy significantly increased the eradication rate.
Other than the studies, in which probiotics were started
at the same time as PPI-based therapy, only one study has
found that four weeks of pre-treatment with Lactobacillusand Bifidobacterium-containing yogurt resulted in a higher
H. pylori eradication rate than quadruple therapy alone
(85% vs 71%, P < 0.05)[19]. That study, however, assessed
second-line therapy for H. pylori, whereas we evaluated
first-line treatment. We found that pre-treatment with
L. acidophilus, S. faecalis and B. subtilis for two weeks prior
to triple therapy improved the eradication rate, from
60.8% to 79.5%. Pretreatment with probiotics may decrease H. pylori load despite antimicrobial resistance, thus
improving the efficacy of eradication therapy[19].
Pretreatment with probiotics has been found to significantly reduce the H. pylori colonization rate in mice,
from 100% to 50% (P = 0.02)[20] and to reduce inflammation in the gastric antrum. In humans, four weeks of
treatment with Lactobacillus reuteri ATCC 55730 reduced
H. pylori load and decreased the occurrence of dyspeptic
symptoms[21]. Although our results confirm previous
findings[22], that pretreatment with suitable probiotics
could benefit H. pylori infected patients, the optimal
treatment period (two or four weeks) and optimal dose
of probiotics have not been determined.
It is not clear whether simultaneously administered
probiotics will be destroyed by anti-H. pylori drugs. Although pre-treatment with probiotics may constitute a
solution, it results in a prolonged course of therapy, two

Helicobacter pylori eradication
Four weeks after the completion of triple therapy, H. pylori
test on C13 or C14 UBT was negative in 171 (75%)
of the 228 patients. There were significant differences
among the groups, however. PP analysis showed that the
eradication rates were significantly higher in the POCA
(81.6%, 95% CI: 72.8%-90.4%) and OCAP (82.4%, 95%
CI: 73.6%-91.2%) groups than in the OCA (61.5%, 95%
CI: 50.6%-72.4%) group (P = 0.007 each, Figure 3). ITT
analysis showed that, compared with the OCA group
(48/79; 60.8%, 95% CI: 49.9%-71.7%), success rates
were significantly higher in the POCA (62/78; 79.5%,
95% CI: 70.4%-88.6%, P = 0.014) and OCAP (61/77;
79.2%, 95% CI: 70%-88.4%, P = 0.015) groups. Further
analysis showed that probiotic supplementation was associated with a higher eradication rate in all centers except
for Centers 2 and 7 (Table 2).
Symptoms and safety assessment
The symptom relieving rates in the POCA, OCAP and
OCA groups were 85.5% (65/76), 89.2% (66/74) and
87.2% (68/78), respectively. Only one of the 228 (0.4%)
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weeks longer than the routine method. It is also unclear
whether pre-treatment with probiotics could reduce the
rates of antibiotic-related side effects to those observed
with combined therapy[23-26]. Large clinical trials are required to compare the side-effect reduction rates of patients administered probiotics before and during eradication therapy.
Another possible regimen is to treat patients with
probiotics after the completion of eradication therapy.
Interestingly, we found that this regimen significantly
increased the H. pylori eradication rate compared with
eradication therapy alone, from 60.8% to 79.2%. To
compare the outcome, we performed repeat UBT in our
OCAP group four weeks after triple therapy (two weeks
after probiotic therapy). Probiotics may inhibit residual
H. pylori and mask UBT tests as ‘false negatives’, similar
to the effects of PPIs. Further long-term studies are
needed to determine if H. pylori eradication is true and
permanent.
The recommended species and number of bacteria
in probiotics have not been determined[27,28]. An 833-fold
higher dose of L. acidophilus (2.5 × 1010/d) than ours,
when added to triple therapy containing esomeprazole,
amoxicillin, and clarithromycin, failed to increase the
eradication rate observed with triple therapy alone (an
eradication rate, 83.9% vs 80.6%, P = 0.74)[29]. This may
have been due to the relatively small number of subjects,
the short duration of probiotic administration (8 d) and
the use of a single species of bacteria. Probiotic mixtures appear to be effective against a wide range of end
points, including treatment of H. pylori infection, with
multi-strain probiotics showing greater efficacy than
single strains, including strains that are components of
the mixtures themselves[30]. H. pylori may be less sensitive
to single than to multiple probiotics, similar to resistance
to antibiotics.
The probiotic mixture we tested is easily acquired in
China and has been used widely to treat diarrhea and inflammatory bowel disease. If our findings are confirmed,
Chinese H. pylori infected patients may benefit from probiotic treatment.
Due to the low incidence of side effects we obser
ved, we could not evaluate whether probiotics reduce
the adverse effects of antibiotics. However, safety evaluation was not a primary end point of this study. Other
limitations include the lack of blinding; the absence
of a placebo group; the lack of standardization of the
H. pylori assay method; the short follow-up period; and
the lack of confirmation of H. pylori load by biopsy or
culture. Nevertheless, this study is the first to provide
information on the timing of probiotics relative to routine eradication therapy in H. pylori infected patients. We
found that both pre- and post-treatment with probiotics
increased the eradication rates of triple therapy, with
post-treatment being more effective than pre-treatment.
In conclusion, our results suggest that either preor post-administration of probiotics may improve the
H. pylori eradication effect of standard triple therapy.
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COMMENTS
COMMENTS
Background

Eradication therapy has been widely used since Helicobacter pylori (H. pylori)
was first recognized as a major cause of gastric diseases. Classic triple therapy,
including a proton pump inhibitor (PPI) and the antibiotics clarithromycin and
amoxicillin, has become less effective over time. Addition of probiotics may improve the eradication rates of triple therapy, but the optimal timing of probiotics
remains unclear.

Research frontiers

Pretreatment with probiotics has been shown to reduce H. pylori colonization in
animals and humans.

Innovations and breakthroughs

This is the first study to show that both pre- and, particularly, post-treatment
with probiotics increased the eradication rates of triple therapy. These results
suggest that mixed probiotics may improve the H. pylori eradication effect of
standard triple therapy with fewer adverse effects.

Applications

These results provide a guide for better use of probiotics, in combination with
triple therapy, for the clinical treatment of H. pylori-infected patients. This new
regimen may be particularly applicable to H. pylori eradication in areas of high
resistance to antibiotics.

Peer review

This study was designed to determine whether the administration of probiotics,
before or after standard triple therapy, could improve H. pylori eradication rates.
Interestingly, both regimens were effective in improving the efficacy of standard
triple therapy. The study is well designed and the results are interesting.
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Effects of warm ischemia time on biliary injury in rat liver
transplantation
Xin-Hua Zhu, Jun-Ping Pan, Ya-Fu Wu, Yi-Tao Ding
higher than that at 6 h after hepatic arterial reperfusion, but with no significant difference. The extended
biliary SWIT led to a significant increase in bile duct
epithelial cell apoptosis, and a decrease in the number
of blood vessels, the bile duct surrounding the blood
vessels and bile duct epithelial cell proliferation in the
early postoperative portal area. Pathologic examinations showed that inflammation of the rat portal area
was aggravated, and biliary epithelial cell injury was
significantly worsened.
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Abstract
AIM: To investigate the effect of different secondary
warm ischemia time (SWIT) on bile duct injury in livertransplanted rats.

Zhu XH, Pan JP, Wu YF, Ding YT. Effects of warm ischemia
time on biliary injury in rat liver transplantation. World J
Gastroenterol 2012; 18(43): 6308-6314 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i43/6308.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i43.6308

METHODS: Forty-eight male inbred Sprague-Dawley
rats were randomly assigned into four groups: a shamoperation group and three groups with secondary biliary warm ischemia time of 0 min, 10 min and 20 min.
A rat model of autologous liver transplantation under
ether anesthesia was established, and six rats were
killed in each group and blood samples and the median
lobe of the liver were collected for assay at 6 h and 24
h after hepatic arterial reperfusion.

INTRODUCTION
Orthotopic liver transplantation (OLT) has proven to be
a successful treatment choice for patients with end-stage
chronic or acute liver failure. However, biliary complications remain a significant source of morbidity and have

RESULTS: With prolongation of biliary warm ischemia
time, the level of vascular endothelial growth factor-A
was significantly decreased, and the value at 24 h was
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established using the technique of Wang et al[11] under
ether anesthesia. Rats were randomly assigned into four
groups according to the SWIT: a sham-operation group
and three groups with the biliary SWIT of 0 min, 10
min and 20 min. In the sham-operation group (group Ⅰ),
the liver was mobilized without cold or warm ischemiareperfusion injury to exclude the influence of surgery. In
group Ⅱ with no SWIT, simultaneous reperfusion was
performed through the portal vein and hepatic artery
after cold perfusion. In groups Ⅲ and Ⅳ with SWIT of
10 min and 20 min, hepatic arterial perfusion was performed for 10 min and 20 min, respectively, after portal
venous reperfusion.

been associated with a mortality rate ranging from 8%
to 15%[1,2]. With improvement in surgical techniques, the
incidence of anastomotic biliary strictures was markedly reduced, whereas non-anastomotic biliary strictures
(NAS) have become a predominant biliary complication
of liver allografts[3]. Diffuse NAS after OLT have been
termed as ischemic-type biliary complications, ischemic
cholangitis and ischemic cholangiopathy. NAS remains
the most challenging type of biliary complication as it
is frequently therapy-resistant and often associated with
long-term consequences[4,5].
The cause of NAS is multifactorial, and ischemia/reperfusion injury of the biliary epithelium is considered
as one of the major causes[6]. Warm ischemic time in
donors after cardiac death (DCD), in addition to subsequent cold ischemia-reperfusion injury, is believed to result in increased damage to biliary epithelial cells[7,8]. The
most commonly used procedure for revascularization
of the liver graft in clinical practice is initial portal reperfusion and subsequent reconstruction of the hepatic
artery. Compared with liver cells, the bile duct epithelial
cells experience an extra ischemic process from portal
venous recanalization to hepatic arterial recanalization,
which is defined as the “secondary warm ischemia time
(SWIT) in the biliary tract” or “relative warm ischemia
time in the biliary tract”. This is a special phase of biliary warm ischemia in the graft. Because warm ischemia
time in the harvesting of donor livers after cardiac death
is inevitable, more and more studies have shifted their
focus to the effect of SWIT on bile duct injury[9].
The terminal branches of the hepatic artery are represented by either the extra- or intra-hepatic peribiliary
arterial plexus (PBP). The function of the intrahepatic
biliary tree is linked to its vascular supply sustained by
PBP[10]. Alterations of intrahepatic bile duct mass are
associated with the architectural changes in the PBP. In
this study, we investigated the impact of different SWITs
on the bile duct and PBP in a rat autologous liver transplantation model.

Sample collection
At 6 h and 24 h after hepatic arterial reperfusion, 6 rats
were killed in each group, and blood samples were collected via the infrahepatic vena cava, and the median
lobe of liver was obtained for assay. The serum was separated and stored at -70 ℃ until analysis. After washing
with cold saline solution, the liver samples were stored
immediately in liquid nitrogen until analysis.
Assessment of vascular endothelial growth factor-A level
Vascular endothelial growth factor-A (VEGF-A) plasma
levels of the samples collected at 6 h and 24 h after hepatic arterial reperfusion were determined with enzymelinked immunosorbent assay kits (Ruiqi Biotechnology
Co. Ltd, Shanghai, China) according to the manufacturer’s
instruction.
Bile ducts and blood vessels in portal area
The liver specimens were fixed with 10% formalin and
embedded in paraffin. The liver tissues were cut into
sequential slices of 2.5 mm. The bile ducts were immunolocalized by CK19 polyclonal antibody (Boside
Biotechnology Co. Ltd, Wuhan, China), and the blood
vessels were tagged with rabbit factor Ⅷ-related antigen
(Boaoseng Biotechnology Co. Ltd, Beijing, China). In
the portal area, the number of bile ducts, blood vessels, and bile ducts with and without blood vessels were
counted.

MATERIALS AND METHODS
Animals and experimental groups
Forty-eight male inbred SD rats weighing 220-250 g
were purchased from the Animal Center of Yangzhou
University (Yangzhou, China). The rats were housed and
fed at the Animal Center of Drum Tower Hospital for at
least 7 d before transplantation for acclimatization to the
environment. All rats were provided with standard laboratory chow and water and housed in accordance with
institutional animal care policies. The rats were fasted for
8 h, but allowed free access to water before being used
in the study.
The following experimental protocol was approved
by the Animal Care and Use Committee of the Drum
Tower Hospital and conformed to Guide for the Care
and Use of Laboratory Animals from National Institutes
of Health.
A rat model of autologous liver transplantation was

WJG|www.wjgnet.com

Assessment of cholangiocyte proliferation with
proliferating-cell nuclear antigen immunolabeling
The number of proliferating-cell nuclear antigen (PC
NA)-positive cells was used to evaluate cholangiocyte
proliferation with immunohistochemistry. After rehydration, the silane-coated slides were treated with 0.3%
H 2O 2 in methyl alcohol for 15 min and then briefly
washed in phosphate buffer saline. They were then incubated overnight at 4 ℃, with a 1:100 dilution of anti-PCNA monoclonal antibody, and subsequently incubated
with Envision Plus Sunpoly-H Ⅲ HRP rabbit/mouse kit
(Boshide Biotech Co. Ltd., Wuhan, China) for 30 min at
37 ℃. Finally, the sections were counterstained with hematoxylin and coverslipped. After staining, sections were
analyzed in a coded fashion under a light microscope.
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RESULTS

Table 1 Effect of different secondary warm ischemia times
on vascular endothelial growth factor-A level (mean ± SD)
Group
Ⅰ
Ⅱ
Ⅲ
Ⅳ

6h
183.44 ± 11.65
185.32 ± 12.06
181.42 ± 9.97
177.93 ± 10.40

Assessment of VEGF-A level
There was no significant difference in VEGF-A at 6 h
postoperatively between group Ⅰ and the other three
groups, but there was a significant decrease in VEGF-A
at 24 h in groups Ⅱ-Ⅳ. The VEGF-A was lower in
group Ⅳ than in groups Ⅱ and Ⅲ, and there were significant differences among these three groups (P < 0.05)
(Table 1).

24 h
185.04 ± 10.11
154.55 ± 11.77a
142.32 ± 10.30a,c
126.44 ± 16.03b,c,e

a

P < 0.05 vs group Ⅰ; bP < 0.01 vs group Ⅰ; cP < 0.05 vs group Ⅱ; eP < 0.05
vs group Ⅲ.

Bile ducts and blood vessels in the portal area
The number of bile ducts in each portal area in group Ⅰ
was 6.10 ± 0.74, and the bile ducts were always accompanied by blood vessels. Compared with group Ⅰ, there
was a significant decrease in the number of bile ducts,
blood vessels and bile ducts with blood vessels in the
portal area, and a significant increase in bile ducts without blood vessels in the other three groups. No significant difference in the number of bile ducts and blood
vessels was found at 6 h postoperatively among groups
Ⅱ, Ⅲ and Ⅳ. The number of bile ducts, blood vessels
and bile ducts with blood vessels in portal area at 24 h
was significantly lower in group Ⅳ than in groups Ⅱ and
Ⅲ (P < 0.05) (Table 2) .

PCNA protein expression appeared brown in the cell
nucleus. The cholangiocyte proliferation index was measured as the number of PCNA-positive cholangiocytes
per 100 cells under high magnification (× 400).
Apoptosis of bile duct epithelial cells
Apoptosis of bile duct epithelial cells was identified by
detecting DNA fragmentation in situ in serial sections
at 6 h and 24 h after hepatic arterial reperfusion. DNA
fragmentation was detected by terminal -deoxynucleotidyl transferase mediated nick end labeling (TUNEL)
staining, which was performed on deparaffinized and
dehydrated sections using the In Situ Cell Death Detection kit (Zhongshan Biomedical Technology Co., Beijing,
China) according to the manufacturer’s instructions. TUNEL-positive cholangiocytes displayed a characteristic
morphology of apoptosis, including chromatin condensation, cell fragmentation and apoptotic bodies. Apoptotic cells were examined at original magnification × 400
in 10 randomly selected fields per section. The apoptotic
index was calculated as the percentage of apoptotic cells
in the total number of cholangiocytes.

Assessment of cholangiocyte proliferation with PCNA
immunolabeling
Compared with group Ⅰ, the number of PCNA-positive
cholangiocytes was significantly reduced at 6 h and 24
h postoperatively in groups Ⅱ and Ⅲ (P < 0.05), and a
very significant decrease in cholangiocyte proliferation
was observed in group Ⅳ (P < 0.01). The number of
PCNA-positive cholangiocytes in group IV was lower
than in groups Ⅱ and Ⅲ, and there were significant differences among these three groups at 6 h and 24 h postoperatively (P < 0.05). The number of PCNA-positive
cholangiocytes at 24 h after hepatic arterial reperfusion
was reduced in all groups compared with the result at
6 h, but no significant differences were noted (Table 3,
Figure 1).

Histological evaluation of bile duct injury
Six liver specimens were collected at 24 h after hepatic
arterial reperfusion in each group. The liver specimens
for light microscopy were fixed with 10% formalin and
embedded in paraffin. The sections were stained with
hematoxylin and eosin for histological examination. Bile
duct injury in the specimens was semiquantified by calculating a bile duct injury severity score (BDISS)[12] based
on the following three components: bile duct damage
(graded as 0, absent; 1, mild; 2, moderate; 3, severe;
modified from the Banff criteria for acute rejection);
ductular proliferation (graded 0-3, using a similar scale as
stated earlier); and cholestasis (graded 0-3, using a similar
scale as stated earlier). This resulted in a minimal BDISS
of zero and a maximum score of 9 points. All examinations were conducted by an experienced pathologist who
was unaware of the other study data.

Apoptosis of bile duct epithelial cells
There were a few apoptotic bodies in the liver sections
of group Ⅰ. Compared with group Ⅱ, a significant
increase in apoptosis index was found at 6 h and 24 h
postoperatively in groups Ⅲ and Ⅳ (P < 0.05). The
apoptosis index in group Ⅳ was significantly higher than
in group Ⅲ at 6 h postoperatively (P < 0.05). In groups
Ⅱ, Ⅲ and IV, the apoptosis index at 24 h after hepatic
arterial reperfusion was higher than that at 6 h, but no
significant differences were noted (Table 3, Figure 2).

Statistical analysis
The results were expressed as mean ± SD. Data were analyzed using the Statistical Analysis System (SAS Institute,
Cary, NC, United States). One-way analysis of variance
was used for multiple comparisons with Student-NewmanKeulstest. P < 0.05 was considered statistically significant.
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Histological evaluation of bile duct injury
The histological findings indicated that the degree of
bile duct injury was mild in group Ⅰ. The main bile duct
injuries in group Ⅱ included cholangiocytes lining in
disarray with diversified morphous, edematous, inflammatory cell infiltration, migrated chromatin, and necrotic
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Table 2 Effect of different secondary warm ischemia time on the number of bile ducts and blood vessels in portal
area (mean ± SD)

Bile ducts
Blood vessels
Bile ducts with blood vessels
Bile ducts without blood vessels

Time (h)

Group Ⅰ

Group Ⅱ

Group Ⅲ

6
24
6
24
6
24
6
24

6.10 ± 0.74

3.40 ± 1.17a
3.00 ± 1.15a
2.90 ± 0.74a
2.40 ± 0.93a
2.20 ± 1.23a
1.80 ± 0.53a
1.0 ± 0.67a
1.12 ± 0.53a

2.80 ± 0.79a
2.40 ± 0.74a,c
2.40 ± 0.88a
1.67 ± 0.67a,c
1.60 ± 0.70a
1.10 ± 0.67a,c
1.20 ± 0.70a
1.40 ± 1.03a,c

5.50 ± 0.94
5.42 ± 1.35
0.65 ± 0.42

Group Ⅳ
2.60 ± 0.51a
1.85 ± 0.63a,c,e
2.00 ± 0.84a
1.10 ± 0.83a,c,e
1.40 ± 0.81a
0.40 ± 0.65a,c,e
1.31 ± 0.92a
1.58 ± 0.61a,c,e

a

P < 0.05 vs group Ⅰ; cP < 0.05 vs group Ⅱ; eP < 0.05 vs group Ⅲ.

Table 3 Effect of different secondary warm ischemia times on cholangiocyte proliferation, apoptosis index of bile
duct epithelial cells and bile duct injury severity score (mean ± SD)
Group

Cholangiocyte proliferation
6h

Ⅰ
Ⅱ
Ⅲ
Ⅳ

25.81 ± 3.50
17.38 ± 4.31a
14.36 ± 3.69a,c
10.19 ± 0.49c,e

Apoptosis index

24 h
26.13 ± 2.60
16.91 ± 5.67a
12.90 ± 2.48a,c
9.01 ± 3.65c,e

6h

Severity score
24 h

0.87 ± 0.50
5.83 ± 0.51
7.57 ± 0.32c
8.96 ± 0.67c,e

0.53 ± 0.60
7.15 ± 0.62
8.98 ± 0.65c
9.92 ± 0.47c

6h
0
2.6 ± 0.3
3.7 ± 0.3c
4.8 ± 0.2c,e

24 h
0
2.8 ± 0.2
3.8 ± 0.4c
5.0 ± 0.3c,e

a

P < 0.05 vs group Ⅰ; cP < 0.05 vs group Ⅱ; eP < 0.05 vs group Ⅲ.

cell debris in the lumen. The bile duct showed more histological changes in groups Ⅲ and Ⅳ, and more marked
injuries in group Ⅳ. Microthrombi were found in the
microangium around the biliary tract in some sections
from groups Ⅲ and Ⅳ.
Compared with group II, a significant increase in
BDISS was observed at 6 h and 24 h postoperatively
in groups Ⅲ and Ⅳ (P < 0.05). The BDISS in group
IV was higher than that in group Ⅲ, and there was significant difference between the two groups (P < 0.05).
BDISS at 24 h after hepatic arterial reperfusion increased
in all groups compared with BDISS at 6 h, but no significant differences were noted (Table 3, Figure 3).

Hepatocytes are supplied by both the hepatic artery
and the portal vein, but bile ducts entirely rely on arterial
blood supply for oxygenation. The terminal branches
of the hepatic artery end in the PBP, which is the direct
source of blood supply to the intrahepatic bile ducts.
Therefore, the changes of PBP often result in alterations
of intrahepatic bile duct structure[17]. Post-transplantational hepatic arterial ischemia induces ischemia and occlusion of PBP, thus aggravating ischemia of intrahepatic bile ducts[18,19]. The pathomorphologic changes of bile
ducts indicated that there was a time-dependent relationship between secondary ischemia time and pathological
injury, and in this study, group Ⅳ had the most severe
bile duct injury among the four groups. Microthrombi
were found in the microangium around the biliary tract
in some sections from groups Ⅲ and Ⅳ.
The etiopathogenesis of nonanastomotic stenosis
of bile ducts after liver transplantation is complicated,
and the factors that cause damage to the bile ducts are
mediated by either direct or indirect effects of the PBP.
Cholangiocytes can express VEGF and its receptors to
regulate the adaptive proliferation of the PBP[20]. In this
study, VEGF-A in groups Ⅲ and Ⅳ decreased significantly, and the number of blood vessels and bile ducts
with blood vessels in the portal area also decreased significantly.
Cholangiocyte proliferation is regulated by a number
of factors including cAMP, gastrointestinal hormones
(e.g., gastrin and somatostatin), bile salts, cholinergic,
adrenergic and serotoninergic neurotransmitters, and
vascular growth factors[21-23]. The number of PCNApositive cholangiocytes was reduced compared with that

DISCUSSION
Warm ischemia time in DCD is associated with a higher
risk of biliary strictures[13], and the incidence of NAS in
DCD ranges from 10% to 30% compared with an incidence of 1%-10% in donation after brain death[14,15]. We
used a model of rat autologous orthotopic liver transplantation to simulate ischemia-reperfusion injury of the
biliary tract, which mimics the whole process of clinical
liver transplantation. This model decreases the possibility
of blood vessel or vascular anastomosis damage compared with the allogeneic orthotopic liver transplantation, and it minimizes the effects of immunologic rejection. It is a simple model used with a high success rate,
which better reflects the pathophysiologic process of
bile ducts, and affords a useful tool for the investigation
of intrahepatic bile duct damage in liver transplantation
caused directly by ischemia-reperfusion injury[16].
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A

B

Figure 1 With prolongation of secondary biliary warm ischemia time, the number of proliferating-cell nuclear antigen-positive cholangiocytes was significantly reduced. A: Proliferating-cell nuclear antigen (PCNA)-positive cholangiocytes in group Ⅱ at 24 h after hepatic artery (HA) reperfusion; B: PCNA-positive
cholangiocytes in group Ⅳ at 24 h after HA reperfusion. A and B, original magnification × 400.

A

B

Figure 2 With prolongation of secondary biliary warm ischemia time, more biliary epithelial cells became apoptotic. A: Biliary epithelial cell apoptosis in group
Ⅱ at 24 h after hepatic artery (HA) reperfusion; B: Biliary epithelial cell apoptosis in group Ⅳ at 24 h after HA reperfusion. A and B, original magnification × 400.

A

B

Figure 3 Histological examination of the liver at 24 h after hepatic arterial reperfusion. A: Cholangiocyte injury can be found in group Ⅰ; B: More marked injury
occurs in group Ⅳ. A and B: Hematoxylin-eosin, original magnification × 400.

epithelial cells[25,26]. There are two mechanisms by which
cell death occurs: one is apoptosis and the other is the
pathological process of necrosis. Accumulating evidence suggests that apoptosis plays an important role in
ischemia-reperfusion injury in organ transplantation[11],
and it is widely taken as a reference index to evaluate bile
duct epithelial injury. With the prolongation of biliary
warm ischemia time, the biliary epithelial cell apoptosis
index was significantly elevated.

in normal rats, most obviously in group Ⅳ. And the
numbers of bile ducts and bile ducts with blood vessels
decreased significantly in group Ⅳ.
Bile duct epithelia are highly susceptible to reoxygenation after anoxia[24]. The increased susceptibility to
reoxygenation injury by cholangiocytes is associated with
increased production of toxic reactive oxygen species by
cholangiocytes during reoxygenation, with concomitant
low basal levels of the antioxidant glutathione in these
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In conclusion, a prolonged biliary warm ischemia
time would result in aggravated injury of the bile duct
and the surrounding vascular plexus in autologous orthotopic liver transplantation. The secondary biliary
warm ischemia time in liver transplantation should be
minimized to reduce the injury of the bile duct and its
surrounding blood vascular plexus.
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BRIEF ARTICLE

Does antecolic reconstruction for duodenojejunostomy
improve delayed gastric emptying after pylorus-preserving
pancreaticoduodenectomy? A systematic review and metaanalysis
An-Ping Su, Shuang-Shuang Cao, Yi Zhang, Zhao-Da Zhang, Wei-Ming Hu, Bo-Le Tian
that antecolic reconstruction for DJ after PPPD was
associated with a statistically significant decrease in
the incidence of DGE [odds ratio (OR), 0.06; 95% CI,
0.02-0.17; P < 0.00 001] and intra-operative blood
loss [mean difference (MD), -317.68; 95% CI, -416.67
to -218.70; P < 0.00 001]. There was no significant
difference between the groups of antecolic and retrocolic reconstruction in operative time (MD, 25.23; 95%
CI, -14.37 to 64.83; P = 0.21), postoperative mortality,
overall morbidity (OR, 0.54; 95% CI, 0.20-1.46; P =
0.22) and length of postoperative hospital stay (MD,
-9.08; 95% CI, -21.28 to 3.11; P = 0.14).
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CONCLUSION: Antecolic reconstruction for DJ can
decrease the DGE rate after PPPD.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Pylorus-preserving pancreaticoduodenectomy; Delayed gastric emptying; Antecolic reconstruction; Retrocolic reconstruction; Duodenojejunostomy

AIM: To evaluate whether antecolic reconstruction for
duodenojejunostomy (DJ) can decrease delayed gastric
emptying (DGE) rate after pylorus-preserving pancreaticoduodenectomy (PPPD) through literature review
and meta-analysis.

Peer reviewers: Yoshiharu Motoo, MD, PhD, FACP, FACG,

Professor, Chairman, Department of Medical Oncology, Ka
nazawa Medical University,1-1 Daigaku, Uchinada, Ishikawa
920-0293, Japan; George Sgourakis, MD, PhD, FACS, 2nd
Surgical Department and Surgical Oncology Unit, Red Cross
Hospital, 11 Mantzarou Str, Neo Psychiko, Athens, 15451,
Greece

METHODS: Articles published between January 1991
and April 2012 comparing antecolic and retrocolic reconstruction for DJ after PPPD were retrieved from the
databases of MEDLINE (PubMed), EMBASE, OVID and
Cochrane Library Central. The primary outcome of interest was DGE. Either fixed effects model or random
effects model was used to assess the pooled effect
based on the heterogeneity.

Su AP, Cao SS, Zhang Y, Zhang ZD, Hu WM, Tian BL. Does
antecolic reconstruction for duodenojejunostomy improve
delayed gastric emptying after pylorus-preserving pancreaticoduodenectomy? A systematic review and meta-analysis. World J
Gastroenterol 2012; 18(43): 6315-6323 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i43/6315.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i43.6315

RESULTS: Five articles were identified for inclusion:
two randomized controlled trials and three non-randomized controlled trials. The meta-analysis revealed
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Inclusion and exclusion criteria
All included studies should fulfill the following criteria:
(1) reporting the indication of PPPD; (2) comparing the
results of antecolic and retrocolic reconstruction for DJ
after PPPD; (3) reporting the incidence of DGE and
other complications; and (4) when two or multiple studies were published by the same institution and/or authors, either one of the higher quality or the most recent
article was included in the meta-analysis. Abstracts, case
reports, letters, commentary, reviews without original
data, studies lacking control groups or appropriate data
for extraction and the number of patients less than 35
were excluded.

INTRODUCTION
Pylorus-preserving pancreaticoduodenectomy (PPPD),
which preserves the whole stomach and 2.5 cm of duodenum[1], is generally accepted as a standard modality for
periampullary malignancies. Compared with the classical
pancreaticoduodenectomy (PD), PPPD was reported
to have many advantages: (1) easier to perform; (2) less
operative time and blood loss; and (3) better improvement of quality of life, nutritional status and weight
gain[2-5]. However, despite the improvements in surgical
techniques and postoperative management, PPPD has
been associated with a higher delayed gastric emptying
(DGE) rate than classical PD[6,7], although controversies
still exist[8,9]. DGE, with an incidence ranging from 33%
to 44%, is reported to be the major complication after
PPPD[10-12]. Although not a lethal complication, DGE
is often responsible for prolonged hospital stay and increased associated morbidity and hospital costs. Several
studies revealed that DGE was closely related to the reconstruction technique[13,14]. Therefore, various modifications of reconstruction technique have been advocated
to decrease the incidence of DGE.
A recently reported modification in the PPPD procedure is the performance of antecolic duodenojejunostomy (DJ) instead of retrocolic one. It has been found
that antecolic reconstruction for DJ could significantly
decrease the DGE rate after PPPD[15-19]. The reported
DGE rate was > 30% for retrocolic reconstruction
whereas it was < 15% for the antecolic reconstruction[19].
Nevertheless, two randomized controlled trials (RCTs)
demonstrated that antecolic reconstruction was not superior to retrocolic reconstruction for DJ with respect to
DGE after PPPD[20,21]. Up to date, the use of antecolic
reconstruction for DJ to decrease the incidence of DGE
after PPPD remains a topic of debate.
The primary objective of this study is to analyze the
existing evidence regarding the antecolic and retrocolic
reconstruction for DJ after PPPD in a systematic review
and to perform a meta-analysis of operative outcomes,
postoperative mortality, morbidity and length of postoperative hospital stay. The primary outcome of interest
was DGE.

Study eligibility assessment
Two authors (Cao SS and Zhang Y) independently screen
ed the title and abstract of each publication for potentially eligible studies. Then full articles of eligible trials
were obtained for detailed evaluation. Any disagreement
in the selection process was resolved through discussion
by the two authors. If the two authors could not reach
an agreement, a third person (Tian BL) would make a
final decision on the eligibility of the study.
Data extraction
Two authors (Cao SS and Zhang Y) independently extracted data from all eligible studies, and then crosschecked the data. Data extracted from each study included: first author, study period, study design, inclusion
and exclusion criteria, participant characteristics, interventions used, technique of reconstruction, morbidity
and mortality rates, definition of DGE, DGE rate, and
length of postoperative hospital stay. Any disagreements
were resolved using the same method as mentioned
above.
Quality assessment
Jadad scoring system, which evaluates studies based
on appropriate randomization, proper blinding, and an
adequate description of withdrawals and dropouts, was
used to assess the quality of RCTs[22]. The N-RCTs were
scored on the following basis: prospective vs retrospective data collection; assignment to antecolic route or
retrocolic route by means other than surgeon preference;
and an explicit definition of DGE (studies were given
a score of 1 for each of these areas; score 1-4)[23]. The
study was considered to be of high quality if the quality
score is ≥ 3.

MATERIALS AND METHODS
Selection of studies
Multiple databases, including MEDLINE (PubMed),
EMBASE, OVID, and Cochrane Library Central, were
searched for RCTs or non-RCTs (N-RCTs) that evaluated antecolic vs retrocolic reconstruction for DJ after
PPPD from January 1991 to April 2012. The following
Mesh search headings were used: pylorus-preserving
pancreaticoduodenectomy, duodenojejunostomy, delayed
gastric emptying, gastrostasis, antecolic reconstruction
and retrocolic reconstruction. Citations were limited to
those published on humans and in English language. A
search was also performed for reference lists of the retrieved relevant articles for additional trials.

WJG|www.wjgnet.com

Statistical analysis
Meta-analysis was performed in accordance with the
recommendations of the Cochrane Collaboration. The
effect outcomes estimated were odds ratio (OR) for
dichotomous variables and mean difference (MD) for
continuous variables, both reported with 95% CI. OR
was defined as the odds of an adverse event occurring
in the antecolic group (AG) vs the retrocolic group (RG)
and it was considered statistically significant at P < 0.05
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described in Table 2. In three studies[18-20], the description
of reconstruction method revealed adequate consistency.
There was some variation in the postoperative management, including the indication for nasogastric tube (NGT)
removal, and administration of somatostatin analogues
(SSA), antacid and prokinetic agents (PA).

Reference indentified
through electronic
searches of databases
(n = 282)
Reference excluded (n = 271):
duplicates (n = 96);
irrelevant by reading titles and
abstracts (n = 175)

Meta-analysis of operative outcomes
Operation time (min): Four studies[16,17,19,20] provided
information regarding operation time. The random effects model was used because of significant heterogeneity (I2 = 83%) between studies, and the result of pooled
analysis showed no statistically significant difference
between the two groups (MD, 25.23; 95% CI, -14.37 to
64.83; P = 0.21) (Figure 2A).

Article retrieved for
more detailed evaluation
(n = 11)
Articles excluded (n = 6):
[24,25]
the same author (n = 2)
;
[26]
number of patient less than 35 (n = 1) ;
[27]
without control group (n = 1) ;
[21]
the surgery including CPD and PPPD (n = 1) ;
[28]
retromesenteric vs antemensentric (n = 1)

Intra-operative blood loss (mL): Four studies[16,17,19,20]
reported on intra-operative blood loss. It was significantly lower in the AG than in the RG (MD, -317.68; 95%
CI, -416.67 to -218.70; P < 0.00 001) (Figure 2B).

Article included
in meta-analysis
(n = 5)

Meta-analysis of postoperative outcomes
Mortality: All the five studies reported on hospital mortality. Among the 451 patients involved, only one patient
reported by Tani et al[19] died from acute hemorrhagic
shock because of a Dieulafoy’s type ulcer in the RG.
Therefore, there was no difference in mortality between
the two groups.

Figure 1 Flow chart showing the search strategy used to identify studies.
CPD: Classic pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduodenectomy.

if the 95% CI did not cross the value 1. MD represented
the difference between the two groups in the continuous
variables and it was considered statistically significant at
P < 0.05 if the 95% CI did not cross the value 0. Heterogeneity between studies was measured using χ 2 and
I2, and I2 > 50% was considered statistically significant.
Either fixed effects model or random effects model
was applied to calculate the pooled effect based on the
heterogeneity. But random effects model was used first
to assess the heterogeneity. Subgroups were used for
sensitivity analysis and a funnel plot was used to identify
publication bias.

Morbidity: Three studies[17,18,20], including 367 patients,
were analyzed for the overall postoperative morbidity.
No statistically significant difference was found between
the two groups: 17.9% (AG) vs 32.0% (RG) (OR, 0.54;
95% CI, 0.20-1.46; P = 0.22). But there was statistically
significant heterogeneity between the groups in the three
studies (I2 = 71%) (Figure 2C). All studies provided data
on DGE rate and pancreatic fistula (PF) rate. The summarized effect of DGE with random effects model (I2
= 52%) revealed a statistically significant result favoring
AG with a DGE incidence of 7.1% (17/240) compared
with a DGE rate of 45.5% (96/211) in the RG (OR, 0.06;
95% CI, 0.02-0.17; P < 0.00 001) (Figure 2D). However,
the difference of the occurrence of PF between the two
groups was not statistically significant. Concerning other
postoperative complications, there was no significant
difference between AG and RG in hemorrhage, intraabdominal abscesses, bile leakage, the anastomotic leakage, wound infection and reoperation (Table 3).

RESULTS
Eligible studies
The literature searching strategy identified five arti
cles[16-20] that met the inclusion criteria: two RCTs and
three N-RCTs (Figure 1). The five studies involved a
total of 451 patients: 240 in the AG and 211 in the RG.
The details of the included studies are summarized in
Table 1. The sample size ranged from 35 to 200 patients.
The mean age of the patients varied between 61 and 70
years. The mean proportion of males varied between
41% and 67% and the proportion of malignancy varied between 63% and 100%. There were no significant
differences between the two groups in age (MD, 1.50;
95% CI, -1.67 to 4.66; P = 0.35), sex (OR, 0.91; 95% CI,
0.62-1.32; P = 0.61) and the proportion of malignancy
(OR, 0.75; 95% CI, 0.49-1.16; P = 0.20). Of the five
studies, only one reported the length of follow-up[19].
Surgical reconstruction and the definition of DGE are

WJG|www.wjgnet.com

Postoperative time to remove NGT (d): Time for post
operative removal of NGT was reported in four studies[16,17,19,20], and three[17,19,20] studies reported the data using
mean ± SD. No SD was reported by Kurosaki et al[16] (3 vs
14, P < 0.0001). The random effects model was used due
to significant heterogeneity (I2 = 98%) between studies,
and the overall effect indicated no difference between the
AG and RG (MD, -7.38; 95% CI, -17.39 to 2.63; P = 0.15)
(Figure 2E).
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Table 1 General characteristics of the included studies
Ref.

Country

Study period

Design

Group

Patients

M/F

Mean age (yr)

Japan

1996-2002

N-RCT

Germany

1996-2003

N-RCT

Murakami et al[17]

Japan

1994-2006

N-RCT

Tani et al[19]

Japan

2002-2004

RCT

Chijiiwa et al[20]

Japan

2005-2007

RCT

AG
RG
AG
RG
AG
RG
AG
RG
AG
RG

25
19
100
100
78
20
20
54
17
18

13/12
10/9
41/59
46/54
46/32
10/10
11/9
36/18
11/6
9/9

651
611
61 (53-71)2
65 (53-74)2
67 ± 11
66.7 ± 12.2
63.1 ± 9.21
64 ± 12
69.7 ± 11.0
66.9 ± 12.9

Kurosaki et al[16]
Hartel et al[18]

Etiology of
malignancy

Quality
score

25 (100)
17 (89.5)
70 (70)
75 (75)
49 (62.8)
16 (80)
16 (80)
39 (72.2)
12 (70.6)
16 (88.9)

1
2
2
3
2

1

Medians; 2medians with ranges in parentheses. RCT: Randomized controlled trial; N-RCT: Non-randomized controlled trial; AG: Antecolic group; RG: Retrocolic group; M/F: Male/female.

Table 2 Surgical reconstruction, definition of delayed gastric emptying and postoperative management
Ref.

Group

Kurosaki et al[16]

Reconstruction

AG
RG
AG
RG
AG
RG

Ⅱ

Ⅱ

E-T-S PJ

E-T-S DJ
E-T-E DJ
E-T-S DJ
E-T-E DJ
E-T-S DJ

Tani et al[19]

AG
RG

Ⅱ

E-T-S PJ

E-T-S DJ

Chijiiwa et al[20]

AG
RG

Ⅱ

E-T-S PJ

E-T-S DJ

Hartel et al[18]
Murakami et al[17]

E-T-S PJ
E-T-S PJ or PG
Ⅱ
E-T-S PG
Ⅰ
Ⅰ

Definition of DGE

Indication for
removing NGT

SSA Antacid PA

(1) NGT ≥ POD 10;
(2) reinsertion of NGT
(1) NGT ≥ POD 10;
(2) inability to tolerate a solid diet ≤ POD 14
(1) NGT ≥ POD 10;
(2) inability to tolerate regular diet ≤ POD 10;
(3) vomiting ≥ 3 consecutive days after POD 5;
(4) radiographic passage with water-soluble contrast
medium revealing a holdup of the contrast medium
in the stomach
(1) aspiration > 500 mL/d from NGT left ≥POD 10;
(2) reinsertion of NGT;
(3) failure of unlimited oral intake by POD 14
(1) NGT ≥ POD 10;
(2) reinsertion of NGT;
(3) inability to tolerate an appropriate amount solid
food ≤ POD 14

Aspiration
< 200 mL/d
Aspiration
< 500 mL/d
(1) After tracheal
extubation;
(2) Aspiration of
reintubation
< 200 mL/d

NM

Aspiration
< 500 mL/d

No

H2
No
blocker

NM

NM

H2
No
blocker

NM

NM

No

H2
NM
blocker
Yes
PPI
Yes

AG: Antecolic group; RG: Retrocolic group; Ⅰ, Ⅱ: Billroth Ⅰ and Billroth Ⅱ; E-T-S: End-to-side; E-T-E: End-to-end; PJ: Pancreaticojejunostomy; PG: Pancreaticogastrostomy; DJ: Duodenojejunostomy; POD: Postoperative day; DGE: Delayed gastric emptying; NGT: Nasogastric tube; NM: Not mentioned; SSA:
Somatostatin analogues; PPI: Proton pump inhibitors; PA: Prokinetic agents.

Table 3 Postoperative complications and antecolic vs retrocolic reconstruction for duodenojejunostomy
Complications
Pancreatic fistula
Hemorrhage
Intra-abdominal abscesses
Bile leakage
The anastomotic leakage
Wound infection
Reoperation

Number of studies
5[14-17,19]
4[14,16,17,19]
4[14,16,17,19]
3[14,17,19]
3[16,17,19]
3[14,17,19]
3[14,16,17]

Number of patients
AG

RG

10/240
3/162
11/162
0/62
0/137
5/62
2/145

8/211
5/157
14/157
2/57
2/138
4/57
6/139

2

OR

95% CI

P value

Heterogeneity (I )

1.00
0.63
0.72
0.28
0.2
1.21
0.33

0.40, 2.50
0.18, 2.29
0.30, 1.72
0.03, 2.77
0.01, 4.14
0.31, 4.72
0.07, 1.48

0.99
0.49
0.46
0.27
0.29
0.78
0.15

0%
0%
0%
0%
_
0%
0%

AG: Antecolic group; RG: Retrocolic group; OR: Odds ratio.

Postoperative time to start liquid meal (d): Three studies[16,17,20] evaluated postoperative time to start liquid meal,
but one of them did not provide detailed information (8
vs 22, P < 0.0001)[16]. Meta-analysis of the remaining two
studies with random effects model (I2 = 98%) showed no
significant difference in the postoperative time to start
WJG|www.wjgnet.com

liquid meal (MD, -5.59; 95% CI, -15.98 to 4.80; P = 0.29)
(Figure 2F).
Postoperative time to start solid food (d): Four studies[16,17,19,20] reported the postoperative time to start solid
food, but one of them did not provide sufficient infor6318
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Table 4 Sensitivity analysis performed for studies comparing antecolic and retrocolic reconstruction for duodenojejunostomy
Outcome

Number of
studies

Randomized controlled trials
Delayed gastric emptying
Mortality
Postoperative hospital stay (d)
Non-randomized controlled trials
Morbidity
Delayed gastric emptying
Reconstruction with Billroth Ⅱ in the two groups
Morbidity
Delayed gastric emptying
Mortality
Postoperative hospital stay (d)
Reconstruction with Billroth Ⅱ in AG and Billroth Ⅰ in RG
Delayed gastric emptying

Number of patients

OR/MD

95% CI

P value

Heterogeneity
2
(I )

AG

RG

2/37
0/37
37

14/38
1/38
38

0.1
0.32
-7.4

0.02, 0.47
0.01, 8.26
-27.2, 12.40

0.004
0.49
0.46

0%
_
79%

2[15,16]
3[14,15,16]

26/178
15/203

49/154
82/173

0.33
0.05

0.19, 0.57
0.01, 0.20

< 0.00 001
< 0.00 001

0%
72%

2[16,19]
3[16,17,19]
3[16,17,19]
2[17,19]

20/117
7/137
0/137
37

30/118
38/138
1/138
38

0.85
0.15
0.32
-7.4

0.16, 4.69
0.06, 0.34
0.01, 8.26
-27.2, 12.40

0.86
< 0.00 001
0.49
0.46

79%
0%
_
79%

2[14,15]

10/103

58/73

0.03

0.01, 0.06

< 0.00 001

0%

2[17,19]
2[17,19]
2[17,19]

AG: Antecolic group; RG: Retrocolic group; OR: Odds ratio; MD: Mean difference.

mation (14 vs 28, P < 0.0001)[16]. The summarized effect
with random effects model (I2 = 95%) revealed no difference between the two groups (MD, -8.32; 95% CI, -17.89
to 1.26; P = 0.09) (Figure 2G).

meal and solid food, and length of postoperative hospital stay.
Although DGE is the most frequent postoperative
complication after PPPD, the true mechanism has not
been fully clarified. A number of theories, including local ischemia of the antrum, low plasma motilin concentrations, gastric atony, transient pancreatitis, and gastric
dysrhythmias, have been postulated to explain the occurrence of DGE after PPPD[29]. Moreover, DGE is always
associated with angulation or torsion of the DJ in the
early postoperative period[30].
Compared with retrocolic reconstruction, antecolic
reconstruction may have several theoretical advantages.
Antecolic reconstruction is believed to be less prone
to torsion or angulation, causing DGE by mechanical
obstruction[18,31]. In the antecolic reconstruction, the DJ
anastomosis is located further away from pancreaticojejunostomy compared with the retrocolic reconstruction,
which reduces the negative effect on antroduodenal motility by a small pancreatic anastomotic leak or a transient
mild postoperative pancreatitis[18]. Furthermore, the descending jejunal loop is more mobile after antecolic reconstruction than after retrocolic reconstruction because
of a minor degree of venous congestion and bowel
edema[28].
DGE due to postoperative complications has been
an accepted concept in the literature[31,32]. However, in
the current study, the postoperative complications, including PF, hemorrhage, intra-abdominal abscesses, bile
leakage, the anastomotic leakage, wound infection and
reoperation, were similar in both groups. The lack of
generally accepted definitions of postoperative complications may influence the results. Perhaps the significant
higher intro-abdominal blood loss during surgery in the
retrocolic reconstruction group may contribute to a risk
for DGE.
DGE not only leads to repeated episodes of nausea
and vomiting which prolongs NGT intubation and delays

Length of postoperative hospital stay (d): Data of
length of postoperative hospital stay was available in
four studies[17-20], but Hartel et al[18] did not report the
SD (11.5 vs 17.5, P < 0.001). The other three studies
showed no statistically significant difference between
the two groups (MD, -9.08; 95% CI, -21.28 to 3.11; P =
0.14), which was associated with significant heterogeneity between the groups in all available studies for pooled
analysis (I2 = 77%) (Figure 2H).
Sensitivity analysis
The following four subgroups were used for the sensitivity analysis: RCTs, N-RCTs, reconstruction with Billroth
Ⅱ in the AG and RG and reconstruction with Billroth
Ⅱ in AG and Billroth I in RG. The results of the analysis (Table 4), were the same as those when all studies
were selected.
Publication bias
A funnel plot of all the studies reporting on DGE used
in this meta-analysis is shown in Figure 3. There was no
strong evidence of publication bias because all the studies were equally distributed around the vertical axis.

DISCUSSION
This meta-analysis found that antecolic reconstruction
for DJ during PPPD was associated with a statistically
significant decrease in the incidence of DGE and intraoperative blood loss. But antecolic reconstruction was
not superior to retrocolic reconstruction with respect to
operation time, postoperative mortality, overall morbidity, postoperative time to remove NGT and start liquid

WJG|www.wjgnet.com
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A
Ref.
[20]
Chijiiwa et al
[16]
Kurosaki et al
[17]
Murakami et al
[19]
Tani et al

AG
SD
93.5
26
78
77

mean
602.6
476
369
397

Total
17
25
78
20

RG
SD
76.5
28
90
61

mean
518.7
493
356
351

Total
18
19
54
20

Weight
19.3%
30.4%
27.1%
23.2%

Total (95% CI)
140
111 100%
2
2
2
Heterogeneity: Tau = 1275.95; χ = 17.74, df = 3 (P = 0.0005); I = 83%
Test for overall effect: Z = 1.25 (P = 0.21)

B
Ref.
[20]
Chijiiwa et al
[16]
Kurosaki et al
[17]
Murakami et al
[19]
Tani et al

mean
1619.4
922
1230
1087

AG
SD
914.9
157
850
794

RG
Total mean SD
17
1535 877.7
25
1238 186
78
1820 1470
20
1285 1915

Total (95% CI)
140
2
2
Heterogeneity: χ = 3.33, df = 3 (P = 0.034); I = 10%
Test for overall effect: Z = 6.29 (P < 0.00 001)

C

AG

Ref.
[20]
Chijiiwa et al
[18]
Hartel et al
[17]
Murakami et al

Events
9
11
15

111

100%

Events
1
5
2
8
1

Total
18
100
54

Weight
25.4%
37.3%
37.3%

RG
Total
17
100
25
78
20

Events
4
24
14
44
10

Total
18
100
19
54
20

Ref.
[20]
Chijiiwa et al
[17]
Murakami et al
[19]
Tani et al

mean
1.2
4.8
4.2

AG
SD
0.4
3.5
4

Total
17
78
20

mean
1.1
16.1
18.9

RG
SD
0.3
7.5
36

Total
18
54
20

Ref.
[20]

Chijiiwa et al
[17]
Murakami et al

Odds ratio
M-H, Random, 95%

0.54 [0.20,1.46]
0.01
0.1
1
Favours experimental

10
100
Favours control

Odds ratio
M-H, Random, 95% CI

0.01
0.1
1
Favours experimental

Weight
40.4%
39.6%
20.0%

mean

AG
SD

Total

mean

RG
SD

Total

Weight

5.4
5.9

2.7
1.4

17
78

5.7
16.8

2.4
7.1

18
54

50.1%
49.9%

Total (95% CI)
95
72 100%
2
2
2
Heterogeneity: Tau = 55.33; χ = 65.80, df = 1 (P < 0.00 001); I = 98%
Test for overall effect: Z = 1.05 (P = 0.29)
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Odds ratio
M-H, Random, 95%
2.25 [0.57, 8.82]
0.39 [0.18, 0.85]
0.28 [0.13, 0.60]

50
100
Favours control

0.06 [0.02, 0.17]

Total (95% CI)
115
92 100%
2
2
2
Heterogeneity: Tau = 64.57; χ = 110.41, df = 2 (P < 0.00 001); I = 98%
Test for overall effect: Z = 1.45 (P = 0.15)

F

Mean difference
IV, Fixed, 95%

25.23 [-14.37, 64.83]

Odds ratio
M-H, Random, 95%
0.22 [0.02, 2.19]
0.17 [0.06, 0.46]
0.03 [0.01, 0.18]
0.03 [0.01, 0.07]
0.05 [0.01, 0.47]

Weight
12.4%
28.4%
17.4%
28.5%
13.3%

Total (95% CI)
240
211
100%
Total events
17
96
2
2
2
Heterogeneity: Tau = 0.60; χ = 0.39, df = 4 (P = 0.08); I = 52%
Test for overall effect: Z = 5.51 (P < 0.00 001)

E

50
100
Favours control

-100
-50
0
Favours experimental

Events
6
24
25

AG

Ref.
[20]
Chijiiwa et al
[18]
Hartel et al
[16]
Kurosaki et al
[17]
Murakami et al
[19]
Tani et al

-100
-50
0
Favours experimental

Mean difference
Weight
IV, Fixed, 95%
2.8% 84.40 [-510.20, 679.00]
90.9% -316.00 [-419.84, -212.16]
5.2% 590.00 [-1025.09, 154.91]
1.2% -198.00 [1106.55, 710.55]

Total (95% CI)
195
172
100.0%
Total events
35
55
2
2
2
Heterogeneity: Tau = 0.55; χ = 6.95, df = 2 (P = 0.03); I = 71%
Test for overall effect: Z = 1.22 (P = 0.22)

D

Mean difference
IV, Random, 95%

25.23 [-14.37, 64.83]

Total
18
19
54
20

RG
Total
17
100
78

Mean difference
IV, Random, 95%
83.9 [27.12, 140.68]
-17.00 [-33.20, -0.80]
13.00 [-16.59, 42.59]
46.00 [2.95, 89.05]
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Mean difference
IV, Random, 95%
0.10 [-0.14, 0.34]
-11.30 [-13.45, -9.15]
-14.70 [-30.57, 1.71]

10
100
Favours control

Mean difference
IV, Random, 95%

-7.38 [-17.39, 2.63]
-100
-50
0
Favours experimental
Mean difference
IV, Random, 95%

50
Favours control

100

Mean difference
IV, Random, 95%

-0.30 [-2.00, 1.40]
-10.90 [-12.82, -8.98]
-5.59 [-15.98, 4.80]
-100
-50
0
Favours experimental

50
Favours control

100
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G
Ref.
[20]
Chijiiwa et al
[17]
Murakami et al
[19]
Tani et al

mean
8.4
8.6
8.1

AG
SD
3
3.5
1.6

Total
17
78
20

mean
10.2
21.7
19.7

RG
SD
5.1
8.2
34.3

Total
18
54
20

Weight
39.6%
40.0%
20.4%

Total (95% CI)
115
92 100%
2
2
2
Heterogeneity: Tau = 58.26; χ = 37.99, df = 2 (P < 0.00 001); I = 95%
Test for overall effect: Z = 1.70 (P = 0.09)

H
Ref.
[20]
Chijiiwa et al
[17]
Murakami et al
[19]
Tani et al

mean
40.8
34
28.7

AG
SD
12.3
16.5
5.7

Total
17
78
20

mean
39.4
47.3
47.7

RG
SD
11.1
27.9
37.7

Total
18
54
20

Weight
38.2%
37.4%
24.4%

Total (95% CI)
115
92 100%
2
2
2
Heterogeneity: Tau = 85.64; χ = 8.68, df = 2 (P = 0.01); I = 77%
Test for overall effect: Z = 1.46 (P = 0.14)

Mean difference
IV, Random, 95%
-1.80 [-4.55, 0.95]
-13.10 [-15.42, -10.78]
-11.60 [-26.65, 3.45]

Mean difference
IV, Random, 95%

-8.32 [-17.89, 1.26]
-100
-50
0
Favours experimental
Mean difference
IV, Random, 95%
1.40 [-6.38, 9.18]
-13.30 [-21.59, -5.01]
-19.00 [-35.71, -2.29]

50
Favours control

100

Mean difference
IV, Random, 95%

-9.08 [-21.28, 3.11]
-100
-50
0
Favours experimental

50
Favours control

100

Figure 2 Meta-analysis of all available data. A: In operative time with random effect model; B: In intra-operative blood loss with fixed effect model; C: In overall
morbidity with random effect model; D: In delayed gastric emptying with random effect model; E: In postoperative time to remove nasogastric tube with random effect
model; F: In postoperative time to start liquid meal with random effect model; G: In postoperative time to start solid food with random effect model; H: In length of postoperative hospital stay with random effect model. AG: Antecolic group; RG: Retrocolic group.

Of the five studies included in the current meta-analysis,
three studies applied Billroth Ⅱ reconstruction for both
groups[18-20] and pooled analysis showed a significantly
decreased DGE rate in the antecolic reconstruction
group. One study showed that Billroth Ⅱ reconstruction with antecolic DJ achieved a significantly lower
incidence of DGE than Billroth I reconstruction with
retrocolic DJ[16]. Another research showed that DGE
rate was significantly lowered with antecolic Roux-en Y
reconstruction. However, according to the description
and schematic illustration of the reconstruction method,
the reconstruction method used should be the antecolic
Billroth Ⅱ reconstruction, but not the Roux-en Y reconstruction[17]. These data suggest that antecolic Billroth
Ⅱ reconstruction for DJ could be a useful method after
PPPD to decrease the occurrence of DGE.
The present study has some limitations and the results should be interpreted with caution. First, this metaanalysis included a small number of studies and patients.
Second, some low-quality studies were incorporated, and
60% of the data came from N-RCTs. Third, a test for
heterogeneity was significant for most outcomes analyzed. The differences between the studies have led to
heterogeneity, including differences in the type of digestive tract reconstruction, definition of DGE and postoperative management. In order to reduce the heterogeneity, subgroup analysis was performed and the results
were the same as those when all studies were selected,
which further confirmed the conclusion drawn above.
In conclusion, the current study suggests that antecolic reconstruction for DJ can decrease DGE rate
after PPPD. However, further standardized RCTs with
general type of digestive tract reconstruction and definition of DGE are urgently needed to draw a definitive
conclusion.

0

SE (log[OR])

0.5

1

1.5

2
0.01

0.1

1

10

100

OR

Figure 3 Funnel plot of comparison of antecolic vs retrocolic reconstruction for duodenojejunostomy in delayed gastric emptying. OR: Odds ratio.

food intake, but also has an impact on duration of hospitalization[33]. Nevertheless, this meta-analysis demonstrated that antecolic reconstruction did not seem to offer an
advantage with respect to postoperative time to remove
NGT and start liquid meal and solid food, and length of
postoperative hospital stay. This may result from a small
number of studies providing insufficient information for
analysis. Kurosaki et al[16] reported that postoperative time
to remove NGT and start liquid meal and solid food
were significantly shortened in antecolic reconstruction
group. Hartel et al[18] also found that the median postoperative stay was significantly shorter in the antecolic reconstruction group than in the retrocolic reconstruction
group. But neither of the studies reported the SD, which
would greatly influence these pooled results.
The three types of reconstructions, including Billroth Ⅰ, Billroth Ⅱ and Roux-en Y, are frequently performed for digestive tract reconstruction after PPPD.
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INTRODUCTION
Granular cell tumor was initially described by Abrikossoff in 1926; it was found in the skeletal muscle of the
tongue[1], and first reported in the biliary system in 1952
by Coggins[2]. A lot of researchers favor the theory that
such tumors are generated from Schwann cells. The
theory of Schwann cell origin is based on histological,
electron microscopic, and immunohistochemical findings[3,4]. The tumors generally arise in the oral cavity, skin,
and subcutaneous tissues, and less than 1% of granular
cell tumor (GCT) occurs in the biliary tract[5,6]. To date,
there have been no reports on malignant GCT in bile
duct. Most patients suffering from GCT in the bile duct
are young, female, and black. Benign tumors in bile duct
are rare (4%) and GCT in bile duct is very rare[5].
This is a Japanese case report of bile duct GCT. This
case was first suspected of being adenocarcinoma by the
result of tumor biopsy on endoscopic retrograde cholangiopancreatography (ERCP) before the operation, as
this was the result in other previous cases.

Abstract
Granular cell tumor (GCT) of the biliary system is rare.
It is reported that it occurs more commonly in young
black women. We report here our seldom experience
of a Japanese case in whom icterus was found as
a first symptom just after a caesarean operation. A
36-year-old Japanese woman developed icterus after
delivery by the Caesarean operation. A surgical operation was performed without can deny that there was
a tumor-related change in a bile duct as a result of
examination for various images. As a result of pathological evaluation, GCT was diagnosed. By the preoperative organization biomicroscopy result, it was not
able to be attachd a right diagnosis. It was thought
that this tumor, although rare, should be considered
as one of the causes of biliary stenosis in the younger
population.
© 2012 Baishideng. All rights reserved.
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CASE REPORT
A 36-year-old Japanese woman was hospitalized for toxemia during pregnancy. She had hypertension and renal
disorder at gestational age 30 wk and 2 d. Her blood
pressure was 160-170/100 mmHg with albuminuria. Because her condition was resistant to treatment, she gave
birth to twins by preparative Caesarean section at gestational age 32 wk and 2 d. During surgical procedures,
her and her babies’ general conditions were good. The
Caesarean section was completed without noticeable
complications.
After delivery, her systolic arterial pressure decreased
to 120 mmHg and the proteinuria disappeared in several
weeks. Three days after the delivery, liver enzymes and
bile tract enzymes suddenly increased. In addition, six
days after the delivery, icterus was recognized (Table
1). Serum bilirubin increased to 5.0 mg/d��
L��������������
(direct
�������������
bilirubin 4.0 mg/d������������������������������������������
L�����������������������������������������
) in 3������������������������������������
d.
����������������������������������
At first, the liver damage was
regarded as a side effect of the various medicines. For
example, Cephalosporin antibiotic was administered on
the day and the day after the Caesarean operation and
Ca blocker was prescribed for the purpose of lowering
the blood pressure. Abdominal ultrasonography showed
a swollen gallbladder, as well as debris associated with it.
However, for the common bile duct (CBD), no expansion was observed given its diameter of 0.7 cm in the
measurement (Figure 1). Tumor shadows or stenosis
of CBD were also recognized. Contrast-enhanced abdominal computed tomography and magnetic resonance
cholangiopancreatography also showed about 10 mm
long stenosis and wall thickening in the middle part of
the bile duct. Tumor marker Carcinoembryonic antigen
was 2.0 ng/m��
L�������������������������������������
������������������������������������
(normal 0-5 ng/d��������������������
L�������������������
) and carbohydrate
antigen 19-9 was 32.0 U/m��
L�������������
(0-37
������������
U/m���
L��
).
ERCP suggested there was a 6.1 mm-long stenosis at
the middle part of the bile duct. The shape of the tumor
was nodular (Figure 2). Mucosal layer (m) and fibromucosal layer (fm) thickening was identified by intraductal
ultrasonography. Endoscopic brush cytology of the bile
duct resulted in a status of “quantity not sufficient” and
findings of forceps biopsy were atypical but inconclusive. In spite of these investigations, bile duct carcinoma
could not be ruled out, so pancreaticoduodenectomy
was performed 37 d after the Caesarean section.
At the operation, the tumor felt hard to touch in
liver-duodenum ligament. Lymph nodes around the
aorta and the lymph node on the posterior surface of
the pancreatic head were slightly swollen, but they were
free of malignancy on frozen section. The tumor was a
poorly circumscribed nodule, measuring 9.0 mm× 5.5
mm, located at the lower portion of the CBD at the level of the upper margin of the pancreas and involved all
layers of the bile duct wall (Figure 3���������������������
A��������������������
). Microscopically,
tumors were rounded or polygonal with eosinophilic
granular cytoplasm, arranged in nests and cords separated by fibrous tissue septa (Figure 3������������������
B�����������������
). The GCT cells
partly infiltrated a peripheral nerve fibrous tissue bunch
in the bile duct wall. In addition, they infiltrated the vein
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Figure 1 Upon abdominal ultrasound, the gallbladder was swollen. Dilatation of the bile duct was not apparent upon measurement, however, a segment of the common bile duct seemed to be obstructed, warranting further
investigation.

Figure 2 Endoscopic retrograde cholangiopancreatography shows stricture at the middle part of the bile duct.

Table 1
icterus

Laboratory data on the day of first appearance of

Complete blood count

Blood chemistry

WBC 6000 /μL (3500-9800/μL)
Hb 12.2 g/dL (11.0-15.3 g/dL)
PLT 31.8 × 104/μL (13.0-37.0 × 104/μL)
Blood coagulation test
PT-INR 0.93 (0.8-1.3)
Tumor markers
CEA 2.0 ng/mL (0-5 ng/mL)
CA19-9 32.0 U/mL (0-37 U/mL)

AST 88 IU/L (6-40 IU/L)
ALT 132 IU/L (0-35 IU/L)
LDH 580 IU/L (160-420 IU/L)
ALP 3016 IU/L (115-360 IU/L)
γGTP 189 IU/L (5-45 IU/L)
T-bil 5.0 mg/dL (0.2-1.0 mg/dL)
D-bil 4.0 mg/dL (0.0-0.4 mg/dL)
Amy 81 IU/L (50-220 IU/L)
CRP 1.09 mg/dL (0.01-0.4 mg/dL)

WBC: White blood cells; Hb: Hemoglobin; PLT: Platelets; PT-INR: Prothrombin time international normalized ratio; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; LDH: Lactate dehydrogenase; ALP:
Alkaline phosphatase; γGTP: γ-glutamyl tranferase; T-bil: Total bilirubin;
D-bil: Direct bilirubin; Amy: Amylase; CRP: C reactive protein.

in the bile duct wall and caused some vein lumina to occlude (Figure 4). Tumor cells are diastase-resistant periodic acid-Schiff stain positive, and immunoreactive for
S-100 protein and neuron-specific enolase. The cellular
atypia and mitosis were inconspicuous. These findings
were compatible with benign GCT. In addition, regional
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A

A

B

B

Figure 3 The pathological result of the tumor. A: Neoplastic cells of granular
cell tumor infiltrates the mucous membrane epithelium of the bile duct (ElasticaMasson stain, × 1.25); B: Granular cells (HE stain, × 10).

Figure 4 The granular cell tumor cells partially infiltrated a peripheral
nerve fibrous tissue bunch in the bile duct wall. In addition, they infiltrated
the vein in the bile duct wall and occluded some of the vein lumina. A: Granular
cell tumor involving a small nerve (Elastica-Masson stain, × 4); B: A vein is replaced by a neoplastic cell (Elastica-Masson stain, × 4).

lymph nodes were free of tumor.������������������������
Five
�����������������������
years have passed
since the surgery and the patient is well.

were Caucasoid (including Algerian), and 7.9% of them
were Mongoloid (including Japanese and Thai). The
chief complaints were jaundice, pain, and a pruritus feeling, which are symptoms caused by obstructive jaundice.
There is no specific symptom of this tumor, as forecast.
The range of tumor size was 0.5 cm[7] to 4.0 cm[8] and
the average was 1.6 cm. As for the site of the tumors,
58.1% were in CBD, 23.3% in common hepatic duct
(CHD), 14.0% in cystic duct (CD), and 2.3% in gallbladder and ampulla of Vater. They might tend to be located
at confluences with 41.9% of them near the confluence
of CBD (CHD and CD and CBD), and 11.6% of them
near the confluence of CHD (right and left hepatic
ducts). However, the divergence position of the CD was
not mentioned in all reports, and some contained vague
descriptions, for example, “CBD” or “CD”.
It is generally difficult to make diagnoses as GCT
histologically before an operation. A correct diagnosis
might be made from several repeated biopsies, as in our
case. Because almost all tumors of bile duct are malignant, the diagnosis of “suggested adenocarcinoma” is
difficult to the default setting doubt.
Histologically, GCT involves large granular-like eosinophilic cells. It generally occurs in skin and the oral
cavity, and two-thirds of cases occur in cutis and submucosa[9]. It is rare in infants, and occurs in adults of
30-40 years old. As for the sex ratio, its prevalence is
four times higher in women than in men. Many cases of

DISCUSSION
Almost all bile duct tumors or stenosis are suspected as
being malignant because benign tumors are comparatively rare in the bile duct. In 2003, Principe et al[5] reviewed
179 (90 men and 89 women) patients who were diagnosed with malignant stricture of bile duct and judged
to be operable from 1982 to 2001. In 153 cases, an
operation was carried out. Of these 147 (96.1%) cases
were found to have a malignant cause as gall bladder carcinoma or cholangiocarcinoma. Cases in which radical
operation was possible constituted only 24.8% of these.
It was judged not to be possible to remove the tumor
surgically in the other cases, and only an operation for
reducing jaundice was carried out. The remaining 6 cases
(4%) were benign strictures and only one of them was
GCT (0.7% of the total). Benign tumor in bile duct is
rare so almost all cases of stenosis in it tend to be considered as malignant stricture. We searched for “granular
cell tumor” and “bile duct” in the Pub-Med database
and obtained reports on 47 previous cases of GCT of
the bile duct. We verified 48 cases including our case.
Most of the patients were young. The average age at
diagnosis was 33.9 years old (range 11 years to 56 years).
Almost all of the patients (81.0%) were female and many
were black. In terms of ethnic origin, 60.5% of them
were black (including Jamaican and Ethiopian), 31.6%
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GCT occurring in bile duct in women, the young, and in
black people have been reported. In the literature, GCT
is described as being not often diagnosed with histology
before an operation. Even if it is diagnosed as benign
tumor, surgical operation may be chosen for various reasons. One is that it is not easy to rule out malignant tumor completely because of the frequency of malignant
tumor in bile duct. Another reason is that some symptoms like jaundice or pain can be caused, no matter how
small it is. The average size was 1.6 cm, which is small.
The smallest size was 0.5 cm. Generally, it is difficult to
discover small tumors without symptoms. These tumors
tend to cause small symptoms, at an early stage.
It occurs at a rate under 2%, but there is malignant
-���
11]
GCT[9����
. There are some cases that relapsed after surgical excision and spread, finally resulting in death. These
malignant GCTs are usually larger than 5 cm[12]. However, no one has reported malignant GCT in bile duct, for
example, a case of it spreading to other organs, recurring several years later, or invading surrounding tissue.
Although only one case resulted in mortality[13], this was
not due to primary disease but to postoperative severe
adult respiratory distress syndrome and disseminated
intravascular coagulopathy with fulminant sepsis, 3 wk
after Roux-en-Y hepaticojejunostomy.
Benign tumors in the biliary system are so rare that
it is difficult to rules out malignant tumor. If intraoperative frozen section could establish an exact diagnosis, we
would be able to select reduction operation depending
on the location of GCT in bile duct.
GCT is a rare disease among Asian population. According to past case reports, it is a tumor that tends to
occur in the bile duct in young black women. A benign
tumor developing in the bile duct is very rare and it is
unusual in Asians.
In conclusion,
����������������������������������������������
we experienced a case of GCT that
occurred in a young Japanese woman. It was thought
that this tumor, although rare, should be considered
as one of the causes of biliary stenosis in the younger
population.
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CASE REPORT

Lymphangioma of the small bowel mesentery: A case report
and review of the literature
Worapop Suthiwartnarueput, Siriphut Kiatipunsodsai, Amolchaya Kwankua, Utairat Chaumrattanakul
the smooth-muscle cells around the lymphatic spaces
of the lymphangiomyoma. We report a case of smallbowel volvulus induced by mesenteric lymphangioma
in a 2-year-and-9-mo-old boy who presented with
rapid abdominal distension and vomiting. The abdominal computed tomography scan showed a multiseptated mass at the right lower quadrant with a whirllike small-bowel dilatation, suggestive of a mesenteric
cyst with midgut volvulus. The intraoperative findings
revealed a huge, lobulated, yellowish pink, cystic mass
measuring 20 cm × 20 cm × 10 cm, that was originated from the small bowel mesentery with small-bowel
volvulus and small-bowel dilatation. Cut surface of the
mass revealed multicystic spaces containing a milky
white fluid. The patient underwent tumor removal with
small-bowel resection and end-to-end anastomosis.
Microscopic examination revealed that the cystic walls
were lined with flat endothelial cells and comprised of
smooth muscle in the walls. The flat endothelial cells
were positive for factor Ⅷ-related antigen and D2-40
but negative for calretinin. HMB-45 showed negative
study in the smooth-muscle cells around the lymphatic
spaces. Thus, the diagnosis was lymphangioma of the
small bowel mesentery with associated small bowel
volvulus.

Worapop Suthiwartnarueput, Department of Pathology and
Forensic Medicine, Faculty of Medicine, Thammasat University, Pathumthani 12120, Thailand
Siriphut Kiatipunsodsai, Department of Surgery, Faculty of
Medicine, Thammasat University, Pathumthani 12120, Thailand
Amolchaya Kwankua, Utairat Chaumrattanakul, Department
of Radiology, Faculty of Medicine, Thammasat University,
Pathumthani 12120, Thailand
Author contributions: Suthiwartnarueput W wrote the paper
and established the pathological diagnosis; Kiatipunsodsai S established the clinical diagnosis, provided the clinical data, clinical photos and revised the paper; Kwankua A interpreted the
abdominal CT scan; Chaumrattanakul U interpreted the plain
abdominal radiography.
Correspondence to: Worapop Suthiwartnarueput, MD, Department of Pathology and Forensic Medicine, Faculty of Medicine, Thammasat University, 95 Moo 8 Paholyotin Rd., Amphur
Klongluang, Pathumthani 12120,
Thailand. worapop2526@gmail.com
Telephone: +66-2-9269376 Fax: +66-2-9269373
Received: July 3, 2012
Revised: September 26, 2012
Accepted: September 29, 2012
Published online: November 21, 2012

Abstract
Lymphangioma is a rare benign condition characterized by proliferation of lymphatic spaces. It is usually found in the head and neck of affected children.
Lymphangioma of the small-bowel mesentery is rare,
having been reported for less than 1% of all lymphangiomas. Importantly, it can cause fatal complications
such as volvulus or involvement of the main branch
of the mesenteric arteries, requiring emergency surgery. Moreover, the gross and histopathologic findings
may resemble benign multicystic mesothelioma and
lymphangiomyoma. Immunohistochemical study for
factor Ⅷ-related antigen, D2-40, calretinin and human melanoma black-45 (HMB-45) are essential for
diagnosis. Factor Ⅷ-related antigen and D2-40 are
positive in lymphangioma but negative in benign multicystic mesothelioma. HMB-45 shows positive study in
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small-bowel segment were resected. Small-bowel anastomosis and decompression were performed. After formalin fixation, the mesenteric mass collapsed and shrank to
5.5 cm × 4.5 cm × 2.4 cm (Figure 2C). It was lobulated,
cystic, semitranslucent, and pale tan with an adjacent
small-bowel segment 5 cm long and 2 cm across. Cut
surfaces of the mass revealed multicystic spaces of varying size (Figure 2D). The cystic walls were generally thin,
but some walls were relatively thick. There was no fluid
in the mass because it had been previously drained. However, there was residual milky white fluid in the specimen
container representing the drained lymphatic fluid (inset
of Figure 2D). The small-bowel mucosa was grossly
unremarkable without invagination into the mass. Microscopic examination revealed that the cystic walls comprised of smooth muscle were lined with flat endothelial
cells (Figure 3A and B). The stroma showed various sizes
of small lymphatic spaces lined by a flat endothelium and
containing small lymphoid cells (Figure 3C). The stroma
also contained smooth-muscle bands and scattered lymphoid infiltrates (Figure 3C). Few subendothelial lymphoid follicles were observed, supporting the diagnosis
of cystic lymphangioma (Figure 3D). The cell lining of
the cystic walls was immunoreactive for factor Ⅷ-related
antigen (Figure 3E) and D2-40 (focal) (Figure 3F) but not
for calretinin (Figure 3G) and human melanoma black-45
(HMB-45) (Figure 3H).
In conclusion, the diagnosis was cystic lymphangioma
as indicated by proliferation of cystically dilated lymphatic spaces, immunoreactivity with factor Ⅷ-related antigen
and D2-40, and milky white content. Negative study of
calretinin and HMB-45 excluded benign multicystic mesothelioma and lymphangiomyoma, respectively.

INTRODUCTION
Lymphangioma is a benign condition characterized by
proliferation of the thin-walled lymphatic spaces[1]. It is
believed to result from congenital lymphatic malformation rather than a true lymphatic neoplasm[2,3]. It is usually found in the head and neck regions during the first
few years of life[1]. Lymphangioma of the small-bowel
mesentery is rare, representing less than 1% of all lymphangiomas[2]. Volvulus is the most common manifestation
of mesenteric lymphangioma[3].

CASE REPORT
We report a case of a 2-year-and-9-mo-old boy who suffered from unexplained intermittent abdominal pain with
vomiting since he was 6 mo old. These symptoms were
temporarily relieved by treatment with anti-flatulence and
anti-vomiting agents. However, the frequency and severity seemed to gradually increased. Fifteen days prior to
admission to the hospital, he developed mucous bloody
diarrhea with low-grade fever. He was treated by oral and
intramuscular antibacterial agents and oral rehydration.
Three days later, the diarrhea had diminished, but the
low-grade fever persisted. When he was first brought to
the emergency room, his vital signs were not remarkable
except the pulse rate, 130 beats/min. Physical examination revealed abdominal distension. Other features were
unremarkable. Stool exam was not performed. The initial
diagnosis was acute infectious diarrhea. Intravenous fluid
was administered, but the patient was not hospitalized.
He was treated by oral antibacterial agents and oral rehydration. Five days later, the child was brought to the
hospital for the second visit with a 1-d history of intermittent abdominal pain, rapid abdominal distension, and
vomiting. However, there was no mucous bloody diarrhea
or fever. The vomited content was food material admixed
with greenish watery fluid. The patient’s vital signs were
unremarkable except for the pulse rate, 110 beats/min.
Physical examination revealed abdominal distension with
diffuse tenderness and hyperactive bowel sounds but no
abdominal rigidity. Rectal digital examination revealed
yellow feces. Other features were unremarkable. Plain
abdominal radiography revealed dilatation of the smallbowel loops at the upper and mid abdomen with multiple
air-fluid levels, suggestive of small-bowel obstruction
(Figure 1A and B). Abdominal CT scan revealed a thinwalled, fluid-filled, multiseptated mass, about 7.8 cm × 7
cm × 6.9 cm, at the right lower quadrant with compression of the adjacent bowel and generalized dilatation of
the small-bowel loops in a whirl-like pattern, suggestive
of a chylous mesenteric cyst associated with midgut volvulus (Figure 1C and D). Laparotomy was performed.
During the operation, small-bowel volvulus with smallbowel dilatation and a mesenteric mass were found (Figure
2A and B). The mesenteric mass was lobulated, yellowish
pink, cystic, and huge, measuring approximately 20 cm ×
20 cm × 10 cm. The mass content was milky white, approximately 100 mL. The mesenteric mass with adjacent
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DISCUSSION
Lymphangioma is a mass-forming lesion characterized by
numerous thin-walled lymphatic spaces and usually manifests in the first few years of life[1]. The common sites are
the head, neck, and axillary regions. Other locations such
as the abdominal or mediastinal cavity are rare, accounting for approximately 5% of lymphangiomas[2]. Among
these, lymphangioma of the small-bowel mesentery has
been described in less than 1% of lymphangiomas[1].
Lymphangioma appears to result from congenital malformation of lymphatic vessels rather than a true lymphatic
tumor[2,3]. The former causes sequestration of lymphatic
vessels during the embryonic period[1]. However, some
data suggest that inflammation, abdominal trauma, abdominal surgery, radiation, or lymphatic obstruction
may play a role in the genesis as a tumor[4,5]. Of note,
the patient described in this case study had a history of
intermittent abdominal pain without an identifiable cause
from the time he was 6 mo old. This supports the theory
of lymphangioma resulting from congenital malformation of lymphatic vessels rather than a tumor. Lymphangiomas are traditionally classified into three histologic
types: capillary (simple), cavernous, and cystic[1]. The capillary (simple) type usually originates in the skin and con-
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A

C
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D

Figure 1 Radiologic study. A, B: Plain abdominal radiography in supine (A) and upright (B) positions showed small-bowel dilatation with multiple air-fluid levels in
the upright position (B); C: Coronal view of the abdominal computed tomography (CT) scan revealed twist of the mesentery and its vessels (arrows) with a fluid-filled
multiloculated mass in the right lower quadrant (between arrowheads); D: Axial view of the abdominal CT scan showed a twist of the mesenteric fat and its vessels
(arrow) with small-bowel dilatation.

A

B

C

D

Figure 2 Gross pathology. A, B: Intraoperative photographs show a lobulated cystic yellowish pink mass that originated from the small-bowel mesentery (arrow in
A) with small bowel dilatation. The mass shows vascular streaks (B); C, D: The formalin-fixed specimen reveals a partially collapsed, cystic, lobulated, pale tan mesenteric mass with vascular streaks (C). The cut surface reveals thin-wall multicystic spaces with thickened white appearance in some cystic walls (D). The inset shows
milky white fluid. The small-bowel mucosa is not remarkable.

sists of uniform small thin-walled lymphatic spaces. The
cavernous type is composed of various sizes of dilated
lymphatic spaces associated with lymphoid stroma and
shows a connection with the adjacent normal lymphatic
spaces. The cystic type consists of dilated lymphatic spaces of various sizes associated with collagen and smoothmuscle bundles in the stroma but lacks connection to the
adjacent normal lymphatic spaces. Cystic lymphangioma
findings are similar to cavernous lymphangioma findings
in that dilated lymphatic spaces of variable size are seen
for both[6].
In this case study, the mass was composed of cysti-

WJG|www.wjgnet.com

cally dilated lymphatic spaces of varying size associated
with smooth-muscle cells, characteristic of cystic lymphangioma. An immunohistochemical study for D2-40, a
lymphatic endothelial marker, showed focal positivity in
the cystic wall endothelium, supporting the diagnosis[7].
Lymphoid follicles and lymphoid infiltrates in the stroma
supported the diagnosis[8]. The milky white fluid content
supported lymphangioma, in which the white color results from accumulated lymphoid cells. The differential
diagnoses were lymphangiomyoma and benign multicystic mesothelioma. The former shows smooth-muscle cell
proliferation around the lymphatic spaces with pericytic

6330

November 21, 2012|Volume 18|Issue 43|

Suthiwartnarueput W et al . Lymphangioma of the small bowel mesentery

A

B

C

D

E

F

G

H

Figure 3 Histopathology. A: Cystic spaces (asterisks) with smooth muscle in their walls (hematoxyin and eosin, 40 ×); B: Flat lining cells of the cystic spaces with
smooth muscle below them (hematoxyin and eosin, 400 ×); C: Lymphatic spaces in the stroma containing lymphoid cells (arrow) and pale eosinophilic fluid, suggestive of lymph (asterisks) (hematoxyin and eosin, 200 ×); D: Subendothelial lymphoid follicle (hematoxyin and eosin, 200 ×); E-G: Immunohistochemical study of the
lining cells of the cystic wall shows strong cytoplasmic immunoreactivity for factor Ⅷ-related antigen (E, 600 ×) and focal reactivity with D2-40 (F, 1000 ×, arrows) but
not for calretinin (G, 600 ×); H: Immunohistochemical study for human melanoma black-45 shows negative result in the smooth muscle of the lymphatic wall (100 ×).

as calretinin[9]. In this case study, the smooth-muscle cells
around the lymphatic spaces were non-immunoreactive
for HMB-45, and the lining cells of the cystic walls were
non-immunoreactive for calretinin. Therefore, lymph-

differentiation, demonstrated by HMB-45 immunoreactivity[8]. Benign multicystic mesothelioma consists of variably sized spaces lined by cuboidal or flattened mesothelial cells, with positive staining for mesothelial marker such
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angiomyoma and benign multicystic mesothelioma were
excluded.
Intra-abdominal lymphangioma usually presents as
abdominal distension, a palpable abdominal mass, or
acute intestinal obstruction[2]. The latter is the most common presentation of mesenteric lymphangioma in the
form of small-bowel volvulus[3]. Small-bowel volvulus is
the rotation of the small bowel and its mesentery, usually
complicated by acute intestinal obstruction. The precipitating factors to volvulus include postoperative adhesion
bands, congenital bands, colostomy, ileostomy, fistula,
tumors, omental defect, and Meckel’s diverticulum[10].
Mesenteric lymphangioma induces rotation of the small
bowel, resulting in small-bowel volvulus with subsequent
closed-loop small-bowel obstruction. Partial small-bowel
obstruction induced by volvulus was responsible for the
patient’s first visit, as manifested by abdominal distension.
The patient’s fever and mucous bloody diarrhea might
have resulted from secondary bowel inflammation related
to volvulus, particularly hemorrhagic infarction, or from
unrelated infectious diarrhea. Small-bowel volvulus with
closed-loop obstruction resulted in the patient’s second
visit and required emergency surgery. One month after
the operation, the patient was brought for follow-up and
did not manifest postoperative complications.
In conclusion, lymphangioma of the small-bowel
mesentery is rare but can cause fatal complications such
as volvulus or involvement of the main branch of the
mesenteric arteries that requires emergency surgery[1].
The gross and microscopic findings may mimic benign
multicystic mesothelioma in case of an overwhelming

flattened mesothelium, and these conditions can be distinguished by immunohistochemical study.
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CASE REPORT

Octreotide in Hennekam syndrome-associated intestinal
lymphangiectasia
Siham Al Sinani, Yusria Al Rawahi, Hamed Abdoon
secondary to HS. To the best of our knowledge, this
is the first case report on the use of octreotide in HSassociated PIL.
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Abstract
A number of disorders have been described to cause
protein losing enteropathy (PLE) in children. Primary
intestinal lymphangiectasia (PIL) is one mechanism
leading to PLE. Few syndromes are associated with
PIL; Hennekam syndrome (HS) is one of them. The
principal treatment for PIL is a high protein, low fat
diet with medium chain triglycerides supplementation.
Supportive therapy includes albumin infusion. Few
publications have supported the use of octreotide to
diminish protein loss and minimize hypoalbuminemia
seen in PIL. There are no publications on the treatment of PIL with octreotide in patients with HS. We
report two children with HS and PLE in which we used
octreotide to decrease intestinal protein loss. In one
patient, octreotide increased serum albumin to an acceptable level without further need for albumin infusions. The other patient responded more dramatically
with near normal serum albumin levels and cessation
of albumin infusions. In achieving a good response to
octreotide in both patients, we add to the publications
supporting the use of octreotide in PIL and suggest
that octreotide should be tried in patients with PIL
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INTRODUCTION
Protein losing enteropathy (PLE) occurs in a variety of
intestinal disorders leading to excessive loss of proteins
into the gastrointestinal (GI) tract[1]. There are two different mechanisms through which intestinal protein loss
can occur: lymphatic system abnormalities and mucosal
injury. Primary intestinal lymphangiectasia (PIL) is a
congenital disorder of the lymphatic system resulting in
impaired lymphatic drainage. In the intestines, impaired
lymphatic drainage leads to excessive protein-rich chyle
loss, hypoalbuminemia and peripheral edema. Mucosal
edema leads to malabsorption and steatorrhea. The diagnosis of PIL is based on typical endoscopic and/or histological findings plus exclusion of a secondary cause of
intestinal lymphangiectasia such as cardiac disease, malignancy or post-abdominal surgical complications[2,3]. A
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number of disorders have been described to cause PLE
in children. Few syndromes are associated with PIL;
Hennekam syndrome (HS) is one of them[4]. HS (OMIM
235510) is an autosomal recessive disorder comprising
intestinal lymphangiectasia, severe lymphedema of the
limbs, genitalia and face, facial dysmorphism and mental
retardation[4]. Several authors have reported additional
symptoms of HS. The frequency of HS is uncertain
with widespread occurrence of the gene. There is interfamilial variability in the phenotype. HS is characterized
by generalized maldevelopment of the lymphatic system.
PIL and PLE are reported in most patients[4-6]. Phenotypic abnormalities are due to impaired lymphatic flow
resulting from insufficient CCBE1 gene function during
lymphangiogenesis. The CCBE1 protein plays a direct
role in the formation of lymphatic vessels and venous
sprouting[7]. Mutations in the CCBE1 gene have been
identified as a cause of HS[5,7,8]. The principal treatment
for PIL is a high protein, low fat diet associated with medium chain triglycerides (MCT) supplementation. Supportive therapy includes albumin infusion and paracentesis, when required. In patients not responding to such
therapy, other options, such as octreotide, antiplasmin,
tranexemic acid and surgical resection of segmental or
localized disease may be a therapeutic option[9,10]. Somatostatin and its synthetic analogue, octreotide, have been
used to treat secretory diarrhea and other GI and pancreatic disorders[11]. The mechanism of action of octreotide in diminishing protein loss through the GI tract is
still unclear. Both somatostatin and octreotide decrease
splanchnic blood flow via splanchnic vasoconstriction.
They also decrease intestinal motility, gastric emptying, gallbladder contraction and pancreatic secretion.
Octreotide inhibits GI hormone secretion and results
in decreased chloride secretion, increased chloride and
sodium absorption and decreased water loss. Therefore,
octreotide has been used in the treatment of secretory
diarrhea associated with Zollinger-Ellison syndrome,
acquired immunodeficiency syndrome, graft versus host
disease, carcinoid syndrome, and multiple endocrine
neoplasia-2A[11]. Octreotide inhibits triglycerides absorption[12]. Little is known about its action on chyle production and pressure regulation in the lymphatic system.
Somatostatin inhibits thoracic lymph flow in dogs[13].
Reports of somatostatin and its analogues on reducing lymphatic fluid outflow in both pediatric and adult
patients were described in surgically created thoracic
duct injuries[14,15]. The most commonly reported adverse
reactions in clinical trials following octreotide administration were diarrhea, abdominal pain, nausea, flatulence,
headache, cholelithiasis, hyperglycemia and constipation. Other commonly reported adverse reactions were
pruritus, rash, alopecia, dizziness, localized pain, biliary
sludge, thyroid dysfunction, loose stools, vomiting, asthenia, and hypoglycemia. In very rare instances, acute
pancreatitis has been reported within the first hours or
days of sandostatin treatment. Cardiac adverse effects
include bradycardia and less commonly tachycardia[16].
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CASE REPORT
Case 1
A male baby was born at term with a normal birth
weight. There were no antenatal or postnatal complications. The infant was born with generalized anasarca
and was found to have low serum total protein and
serum albumin. There was a history of consanguinity
and a family history of a 15-year-old maternal cousin
with generalized edema diagnosed to have HS and managed at a different center. The infant was referred to our
hospital at the age of 1 mo for evaluation of generalized edema. He had a history of diarrhea, occasional
vomiting, abdominal distension and poor feeding. He
was not thriving well. There were no symptoms of heart
failure. He had normal urine output. Physical examination revealed generalized pitting edema of the lower
limbs and non-pitting edema of the hands. There were
dysmorphic features manifested as down slanting palpebral fissure, broad nasal bridge, flat stubby nose with
midface hypoplasia, long philtrum and hypoplastic low
set ears. Chest and cardiovascular examinations were
unremarkable. The abdomen was distended and nontender with ascites and no hepatosplenomegaly. He
had scrotal edema. Investigations revealed normal full
blood count (FBC), renal function, liver enzymes and
liver function. He had low serum total protein (23 g/L),
low serum albumin (16 g/L), and low serum immunoglobulin levels (immunoglobulin A of 0.09 g/L, IgG
of 0.9 g/L and immunoglobulin M of 0.26 g/L). Urine
analysis was negative for protein and 24-h urine protein
was low (0.2 g/24 h). Human serum albumin scintigraphy revealed loss of protein into the intestinal tract. An
upper GI endoscopy study revealed widespread whitish
patches with snowflake appearance seen in the second
and third parts of the duodenum. The stomach showed
slight gastric wall edema. Histological examination of a
biopsy specimen from the duodenum showed marked
edema in the lamina propria. There were no dilated lymphatics observed on the examined specimens. Gastric
biopsy revealed congestion and edema of the lamina
propria. The lack of dilated lymphatics on histological
examination of the intestinal biopsies was due to the
patchy distribution of lymphangiectasia in the intestinal
mucosa. The child was diagnosed with PLE due to PIL.
Given the family history of HS, clinical features and
dysmorphism, and a biochemical diagnosis of PLE, we
suspected a diagnosis of HS. We performed a genetic
test for mutation in the CCBE1 gene. He was found to
have homozygous mutation c.305G>C (p.Cys102Ser) in
the CCBE1 gene which confirmed the diagnosis of HS.
He was started on MCT-based formula, a low fat, high
protein diet, fat soluble vitamin supplements and intravenous infusion of albumin every few days due to the
occurrence of severe pericardial effusion and recurrent
ascites. However, his serum albumin continued to be on
the low side. Given the severity of hypoalbuminemia
and his requirement for frequent albumin infusions, he
was started on octreotide subcutaneous (s/c) injections,

6334

November 21, 2012|Volume 18|Issue 43|

Sinani SA et al . Octreotide in Hennekam syndrome
Table 1 Cases of intestinal lymphangiectasia treated with octreotide in the literature
Number of
patients

Age of
patients

Etiology of PLE

6
1
1
1
1

0-24 mo
38 yr
21 yr
25 yr
27 yr

PIL
IL
PIL
IL
Type Ⅰ IL

1
1
2

47 yr
17 yr
2-12 mo

Cirrhosis induced IL
PIL
HS associated IL

Dose of octreotide

Pre octreotide Post octreotide serum Ref.
serum albumin
albumin

15-20 μg/kg twice daily
100 μg twice daily
150 μg twice daily
Slow release octreotide 20 mg every 4 wk
200 μg twice daily then SR octreotide 30 mg
every 4 wk
0.1 mg three times daily
200 μg twice daily
100 μg twice daily

14-25 g/L
12 g/L
22 g/L
20 g/L
19 g/L
22 g/L
15 g/L
16 g/L

Normal in 3/6
Above 40 g/L
39 g/L
35 g/L
NA (graph indicates
30-40 g/L)
28 g/L
22-26 g/L
28-36 g/L

[2]
[17]
[18]
[19]
[20]
[21]
[24]
Current report

IL: Intestinal lymphangiectasia; PLE: Protein losing enteropathy; PIL: Primary intestinal lymphangiectasia; SR: Slow release; NA: Not available; HS: Hennekam syndrome.

which gradually reached 100 mg twice daily. A few weeks
later, the patient was discharged home on s/c octreotide
injections. Albumin infusion requirement was reduced to
once monthly 2 mo after starting octreotide therapy, and
subsequently stopped. Total serum protein increased to
49 g/L and serum albumin to 28 g/L. He is now 3 years
old, tolerating octreotide with no complications.

albumin infusions and diuretics. Following albumin infusions, his generalized edema improved. The infant was
left with genital, periorbital and lower limb non-pitting
edema. Serum albumin decreased to very low levels of
12-16 g/L within a few days of albumin infusions. At the
age of 8 wk, we started him on octreotide subcutaneous injections of 80 mg twice daily and increased this to
100 mg twice daily at the age of four months. His serum
albumin levels increased to 36 g/L a few months later
with no further albumin infusions required. He is now
11 mo old with a good response to octreotide in terms
of reducing hypoalbuminemia and cessation of albumin
infusions with no noted complications to octreotide.

Case 2
A term male baby was born to a primi mother with a
normal birth weight. There were no antenatal or postnatal complications. The infant was noted to have generalized edema from day 1 of life with low serum total
protein and serum albumin. There was a history of
consanguinity and 2 maternal cousins were diagnosed
with HS (patient in case 1 and his older cousin). He was
referred to our hospital at the age of 6 wk. There was no
weight gain. There was no history of diarrhea, vomiting
or jaundice. He was passing urine normally. There were
no signs of heart failure or ascites. Physical examination
revealed dysmorphic features in the form of hypertelorism, broad flat nasal bridge and a long hypoplastic
philtrum. There was generalized edema, periorbital edema, bilateral non-pitting edema of the upper limbs and
bilateral pitting edema of the lower limbs with scrotal
edema. The remainder of the systemic examination was
unremarkable.
Investigations revealed normal FBC, renal function,
liver enzymes and liver function. He had low serum total
protein (26 g/L) and low serum albumin (16 g/L). Urine
analysis was negative for proteinuria. Twenty-four hour
urine protein was normal. His bone profile revealed rickets with low 1, 25 hydroxyvitamin D and 25 hydroxyvitamin D. Stool alpha 1 antitrypsin was high at 2.34 g/L.
Given the family history of HS, clinical features and dysmorphism, and a biochemical diagnosis of PLE, we suspected a diagnosis of HS and performed a genetic test
for familial mutation in the CCBE1 gene. He was found
to have homozygous mutation c.305G>C (p.Cys102Ser)
in the CCBE1 gene using sequence analysis. This confirmed the clinical diagnosis of HS. The patient was
managed conservatively with MCT-based formula, fat
soluble vitamins, and rickets treatment with frequent
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DISCUSSION
To date, no publications have supported the use of
octreotide to diminish protein loss and minimize hypoalbuminemia seen in PIL. These publications are summarized in Table 1. Most clinical research on the use of
octreotide in humans has been limited to adults. One of
the first experiences of using octreotide in PIL was by
Bac et al[17] in 1995. They reported a patient with PLE
due to intestinal lymphangiectasia. The patient was treated with and responded to octreotide with normalization
of serum albumin and a decrease in fecal protein loss.
Few subsequent case reports have supported this experience[18-21]. The suggested dose of octreotide ranges from
100 μg two or three times a day to 200 μg two times a
day or the slow release formulation which can lead to
clinical, biochemical and histological improvement[10,18,20].
The first use of somatostatin in pediatric patients was
for non-GI conditions such as excessive growth hormone release, hyperinsulinism and others[22,23]. Almost
all the experience in pediatric patients with PIL is in
the form of case reports[11]. In 1998, Ballinger et al[24]
reported the use of octreotide in an adolescent with
PIL. Enteric protein loss was decreased and serum albumin levels were stabilized with resolution of peripheral
edema and cessation of re-accumulation of recurrent
pleural effusions. A recent study of a series of 6 pediatric patients[2] suggested that octreotide might be useful
in controlling findings and maintaining serum albumin
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at normal levels. Serum albumin level was maintained at
normal levels in 3 patients. The requirement for albumin
infusions decreased in all 6 patients. This study concluded that octreotide should be considered in the long-term
treatment of PIL when other options are ineffective.
They also suggested weighing the benefits of octreotide
against the risk of adverse effects. Pediatric case reports
have shown that octreotide decreases stool output in
a variety of cases[25-27]. In these case reports, there was
no standardization of dose or duration of octreotide
use to achieve the required effect. The specific use of
octreotide in diarrhea secondary to chemotherapy[28-30],
GVHD[31,32] and immunodeficiency[33] has been reported
in adults. Despite this, there are reports on the failure
of octreotide to diminish stool output in a variety of
cases[34,35]. In one case report, octreotide failed to induce
a clinical response and a study performed on an established guinea pig showed that octreotide did not alter
lymphatic function[36].
We report 2 children who were genetically diagnosed
as having HS and associated PIL with PLE, who suffered from generalized mixed edema secondary to hypoalbuminemia and lymphangiectasia. By using octreotide
in both patients, we eliminated the need for albumin
infusions with resolution of pericardial effusion and ascites in one patient. The other younger patient’s serum
albumin increased dramatically to a normal level with
resolution of pitting edema. In both patients, scrotal
edema and non-pitting edema were still present. This is
likely to be related to generalized maldevelopment of
the lymphatic system seen in HS and the possibility that
lymphatic function is not altered by octreotide.
In conclusion, our 2 children with genetically proven
HS and PIL leading to PLE responded well to octreotide. In both patients, non-pitting edema was still present. This was attributed to lymphangiectasia and a probable reduced effect on the lymphatics in HS compared
with other reports in the literature. Octreotide has been
used in various GI disorders associated with PIL and
PLE. To the best of our knowledge, this is the first case
report on the use of octreotide to diminish PLE in HSassociated PIL. The lack of clinical data based on randomized trials in the pediatric population makes it difficult to confirm a positive effect of octreotide on PIL
and PLE from the literature. There is a need for multicenter pediatric trials in this regard.
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INTRODUCTION
Colonic intussusception and gastrointestinal duplication
are diseases of young children. Symptomatic colonic
duplication is very rare in adults. We report a case of a
young adult patient with a duplication of the terminal
ileum, appendix, colon and rectum who presented in our
hospital with symptoms of acute intestinal obstruction
and intussusception.

Abstract
Colonic intussusception and gastrointestinal duplication
are diseases that arise in young children. The clinical
presentation of adult cases of intussusception and enteric duplication is non-specific and thus poses a diagnostic challenge. A computed tomography (CT) scan is
recommended in adult cases as the most sensitive diagnostic tool and the pathognomonic finding of outer intussuscepiens and central intussusceptum is diagnostic.
A septum of a duplicated colon in a non-intussuscepted
segment has been rarely reported in the literature. With
advancements in radiological imaging technology and
the increased availability of CT scanners, the capacity
for a correct pre-operative diagnosis has been significantly enhanced. Our current case report illustrates the
importance of considering an uncommon etiology for
enteric intussusception and duplication as a differential
diagnosis of acute abdomen in an adult patient. Our
analyses of this patient also highlight the successful use
of CT scanning to make this diagnosis.

CASE REPORT
A 25-year-old man was admitted to our hospital for central abdominal pain for three days. He had a history of
situs inversus and a watery bowel opening with blood
streaks was noted on the day of admission. A physical
examination revealed a distended abdomen, and tenderness and rebound over the lower abdomen.
Abdominal radiographs further revealed some dilated
bowel loops at the right abdomen, which was a relatively
non-specific finding (Figure 1). Fresh blood was found
in the rectum during a sigmoidoscopic examination.
Advancement beyond 30 cm could not be achieved during this examination due to an acute kink. A computed
tomography (CT) scan was then performed for further
assessment and an intestinal obstruction was confirmed.
Intussusception at the region of the sigmoid and descending colon was detected at the right lower abdomen
(since the patient had situs inversus) (Figure 2A). The
duplicate appearance of the large bowel at the right
lower quadrant of abdomen was also noted (Figure 2B).
Emergency surgery was performed and revealed a
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Figure 1 Abdominal radiographs taken as an initial evaluation of the
abdominal pain in the patient. A: Supine radiograph showing non-specific
dilated bowel loops at the right abdomen; B: Erect radiograph revealing a rightsided stomach bubble in this patient with situs inversus.

A

B

Figure 2 Axial computed tomographic scans of the lower abdomen. A:
Intussusception in the region of the sigmoid and descending colon at right lower
quadrant of the abdomen (arrow); B: Scan at a more cranial level revealing a
distended descending colon with a thin enhancing rim of a septum (arrow).

specific, i.e., abdominal pain, nausea and constipation.
The mode of presentation can also be acute, subacute or
chronic[1].
CT scans are recommended as the most sensitive
diagnostic tool in adult cases of intestinal intussusception[1]. The pathognomonic finding of outer intussuscepiens and central intussusceptum confirms the diagnosis
of these cases. The complex mass is "sausage-shaped"
or "target" like when the CT beam is oriented parallel
or perpendicular to its axis, respectively[6]. It can in rare
cases present as a cystic mass at the left upper abdomen, thus causing diagnostic confusion as a pancreatic
tumor[7]. The diagnosis of enteric duplication in the absence of intussusception or intestinal obstruction is challenging and it is often difficult to do before surgery[1,3].
CT scanning can reveal a cystic mass attached to the
colon[3]. The demonstration of a septum of a duplicated
colon in a non-intussuscepted segment is a rarity in the
current literature.
In summary, our present case illustrates the importance of considering an uncommon etiology involving
enteric intussusception and duplication as a potential differential diagnosis for acute abdominal pain in an adult
patient. Furthermore, our present findings demonstrate
the applicability of a CT scan in making such a challenging diagnosis.

Figure 3 Gastrografin enema. A: Enema performed via an enterostomy
showing a duplicated terminal ileum; B: Enema performed via the anus showing
a duplicated rectum.

grossly dilated sigmoid and descending colon. Intussusception into the distal sigmoid colon with a large gangrenous diverticulum formed by the septum of a duplicated
colon was also observed. A partial small bowel resection,
decompression and a colostomy were subsequently performed.
A post-operative gastrografin enema via the enterostomy and anus further confirmed a duplication of large
bowel and terminal ileum in this patient (Figure 3).

DISCUSSION
Colonic intussusception and gastrointestinal duplication
are diseases of young children that usually manifest before two years of age (male:female ratio, 3:1)[1]. Intestinal
intussusception in adults is very rare however. In a previously reported surgical series of 20 adults with intussusception, no single diagnosis of gastrointestinal duplication was identified as the underlying pathology[2]. Colonic duplication represents 4%-18% of gastrointestinal
duplication cases[3]. Duplications are classified according
to location or shape; cystic (more than 80%) or tubular[4].
The classification of this disorder in accordance with the
vascular pattern had also been proposed[5].
The clinical presentation of an adult case with intussusception and enteric duplication is typically non-
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INTRODUCTION
Ovarian carcinoma usually metastasizes along the peritoneum throughout the pelvic and abdominal cavity, such
as pelvic wall, omentum and mesentery. Gastrointestinal
involvement is not common. Even it happens, gastrointestinal tract metastasis of ovarian carcinoma is merely
limited to serosa. Solitary parenchymal gastric metastasis
from ovarian carcinoma is extremely rare, and only two
cases have been reported in English up till now[1,2]. We
herein present a case of gastric metastasis from ovarian
carcinoma without any symptoms and other sites of recurrence.

Abstract
An isolated parenchymal gastric metastasis from ovarian carcinoma without any other sites of recurrence is
extremely rare. Only two cases have been reported,
both of which were symptomatic. We herein report
such a case without any symptoms. A 61-year-old
woman presented with a high cancer antigen-125 level
without any other clinical manifestation. A subsequent
18
18
F-fluorodeoxyglucose ( F-FDG) positron emission tomography/computed tomography scan revealed a sub18
mucosal mass with hypermetabolism of F-FDG (standardized uptake value: 5.36) in the gastric antrum.
The final pathology after gastric antrectomy showed a
metastatic gastric tumor from a primary ovarian carcinoma. We also performed an extensive literature review about gastric metastasis from ovarian carcinoma
published until recently, and this is the first case of an
isolated parenchymal gastric metastasis from ovarian
carcinoma without any symptoms.

CASE REPORT
In December 2011, a 61-year-old woman was admitted
to our hospital because of a high cancer antigen (CA)-125
level of up to 116.5 U/mL (normal, < 35U/mL), and
she had no epigastric pain and fullness, hematemesis,
melena, weight loss and any other clinical manifestations.
In 1999, she underwent optimal debulking cytoreductive surgery in our hospital for ovarian adenocarcinoma,
followed by ten cycles of adjuvant chemotherapy with
cisplatin and cyclophosphamide. In May 2006, when
her CA-125 level increased to 57.9 U/mL, she received

© 2012 Baishideng. All rights reserved.
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Figure 1 18F-fluorodeoxyglucose positron emission tomography/computed tomography shows a hypermetabolic lesion (standardized uptake
value: 5.36) in the gastric antrum (arrows).

another ten cycles of adjuvant chemotherapy with taxol,
cyclophosphamide, carboplatin and bleomycin. CA-125
level was tested every two months and it exceeded the
normal range again in December 2011.
18
F-fluorodeoxyglucose positron emission tomography/computed tomography ( 18 F-FDG PET/CT)
scanning for ruling out the recurrent ovarian carcinoma
that was suspected due to the CA-125 level. 18F-FDG
PET/CT revealed a mass located in gastric antrum with
high 18F-FDG uptake (standardized uptake value: 5.36)
(Figure 1), and there were no any other lesions with high
18
F-FDG uptake in the abdominopelvic region. A subsequent non-contrast-enhanced CT displayed a 2.4 cm
× 3.0 cm submucosal mass in the gastric antrum (Figure
2), which had not been found in the CT scanning done
on April 4, 2010. The patient could not tolerate and refuse to take endoscopic examination, so we performed
gastroenterography instead. Upper gastroenterography
also showed clearly a lesion with a tiny ulceration on the
surface of gastric mucosa (Figure 3).
The patient then underwent local gastrectomy. During the operation, we found that both mucosa and serosa were involved, but there was no intumescent lymph
node around the gastric antrum. The incision of gastric
antrum was fixed with a double-layer hand-sewn suture
transversely.
On cut section, a gray-white tumor of 3.2 cm × 2.8
cm × 3.5 cm was situated in the muscularis propria and
bulged into the serosa. Microscopically (Figure 4A), serous papillary adenocarcinoma cells infiltrated into normal gastric tissues with cancer embolus in the vessels.
There was a deep ulceration on the overlying mucosa. A
non-metastatic lymph node was found in the specimen.
Values of the immunohistochemical detection of the
tumor cells (Figure 4B) were: CA-125 (+++), Wilms’ tumor-1 (+++), estrogen receptor (++), cytokeratin 7(+),
cytokeratin 20(-), progesterone receptor (-) and CDX-2
(-). The immunohistochemical staining result supported
the final diagnosis of gastric metastasis from ovarian serous adenocarcinoma.
CA-125 level was decreased to 53.1 U/mL on the

WJG|www.wjgnet.com

Figure 2 An abdominal computed tomography shows a low density, 2.4
cm × 3.0 cm intramural mass of gastric antrum with tiny ulceration (arrows), which is suggestive of a gastric submucosal tumor, such as gastrointestinal stromal tumor. A: Cross section; B: Coronal section.

7th postoperative day. Her postoperative course was unremarkable and she was discharged on the 9th day after
operation. When this manuscript was submitted, she had
no experience of recurrent disease.

DISCUSSION
Metastatic disease involving stomach is unusual. A stu
dy found 17 metastases to the stomach among 1010
patients with malignant tumors, giving a frequency of
1.7%[3]. Another series of autopsies discovered 92 gastric
metastases among 7165 cases, with a rate of 1.28%[4].
Most gastric metastases arise from primary breast cancer,
followed by melanoma and lung cancer. The incidence
of gastric metastases was 3.6% (25/694) in patients with
breast cancer and 1.3% (10/747) in patients with lung
cancer. No study had analyzed the incidence of gastric
metastasis from ovarian carcinoma due to the extremely
rare occurrence. According to our review of the literature, there has been no report of gastric metastases from
ovarian carcinoma in Chinese.
We performed a very comprehensive review of all
case reports of gastric metastasis from ovarian carcinoma. Until this April, ten other reports (Table 1) in English could be searched in PubMed. Patient age ranged
from 42 years to 70 years. Two cases[10,12] were diagnosed
with primary ovarian carcinoma simultaneously, the longest time from diagnosis of primary tumor to discovery
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Table 1 Literature review
Author

Age Histology

Sangha et al[1]
Pernice et al[2]
Taylor et al[5]
Kobayashi et al[6]

55 NR
42 Adenocarcinoma G3
62 Serous
adenocarcinoma G3
48 NR

Recurrence sites

Recurrence
time

Symptoms

Stomach
Stomach + perigastric area
Lung + liver + stomach

7 yr
18 yr
10 mo

Belching reflux, epigastic discomfort NED NR
Asymptomatic
12 mo NED
Haemorragy
6 mo DOD

Spleen + pancreas+ sigmoid colon

21 yr

Hemorrhage, partial bowel
obstruction
Fever, aasthenia, anorexia, epigastric
pain
Hemorrhage
Asymptomatic

Dupuychaffay et al[7] 65 Adenocarcinoma G3 Stomach + diaphragm + pancreas +
peritoneal nodes
Bechade et al[8]
51 Adenocarcinoma G3 Stomach + peritoneal nodes + ovaries
Jung et al[9]
49 Serous ovarian
Gastric antrum + presacral area
adenocarcinoma
Carrara et al[10]
70 Adenocarcinoma
Gastric body
Majeurs et al[11]
61 Serous
Stomach + sigmoid colon
adenocarcinoma G3
Kang et all[12]
55 Adenocarcinoma
Gastric antrum + pelvic cavity
Present case

61 Adenocarcinoma G3 Gastric antrum

16 yr
NR
52 mo

Survival

NR
NR
ED NR
18 mo NED

Simultaneouly Mild anemia, dyspepsia
7 mo
Epigastic discomfort, vomit

NR
18 mo DOD

Simultaneouly Epigastric pain, abdominal
distention
12 yr
Asymptomatic

12 mo NED
5 mo NED

DOD: Death of disease; NR: Not report; ED: Evident disease; NED: Not evident disease.

A

B

Figure 3 Upper gastroenterography shows a lesion in the gastric antrum
(arrows). The antrum was partially obstructed by the mass.

of gastric metastasis being 18 years[2]. Clinical manifestations were diversified and nonspecific, and three cases
were asymptomatic (3/11, 27.27%).
Due to the extremely low incidence, it is hard to make
a correct diagnosis of gastric metastasis from ovarian carcinoma. According to our literature review, some cases[2,9]
only presented with CA-125 levels beyond normal range
but without any symptoms. Since CT scanning, gastroenterography and gastroscopy all showed a submucosal
tumor of stomach, a wrong diagnosis of gastrointestinal
stromal tumor[12] would be easily made[12]. So, when a
patient has a history of ovarian carcinoma, especially
when her CA-125 level is high, metastasis from ovarian
carcinoma should be considered. 18F-FDG PET/CT can
be useful. In our case, 18F-FDG PET/CT scanning revealed a high metabolic uptake lesion of gastric antrum,
which is similar to the findings as described by other authors[2,12].
Ovarian carcinoma is more likely to metastasize along
the peritoneal surface, but the mechanism of gastric
metastasis remains unclear, it may be because of the rich

WJG|www.wjgnet.com

Figure 4 Pathological manifestation of the neoplasm. A: Microscopcally, the
tumor is composed of irregular sheets of cells with a high-grade nuclear atypia
(HE stain, × 100); B: Immunohistochemically, the tumor cells are immunoreactive for cancer antigen 125 (× 100).

blood supply of stomach. Local excision without radical lymphadenectomy following adjuvant chemotherapy
is effective and recommended for metastases of ovarian carcinoma. The prognosis of gastric metastases of
ovarian carcinoma remains unknown, according to our
literature review, a one-year survival rate can be expected
optimistically (5/6, 83.33%).
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Abstract
The expression of phosphatase and tensin homolog
(PTEN ), a tumor suppressor gene, is frequently downregulated in gastric carcinomas due to mutation, loss
of heterozygosity, and promoter hypermethylation.
However, it is unknown if additional mechanisms may
account for the down-regulation of PTEN expression.
While neuronal precursor cell-expressed developmentally down-regulated 4-1 (NEDD4-1) is believed to be a
potential dual regulator of PTEN, there are conflicting
reports regarding their interaction. To gain further insight into the role of NEDD4-1 and its association with
PTEN in gastric carcinoma development, we measured
the protein expression of NEDD4-1 and PTEN in gastric
mucosae with various pathological lesions and found
that NEDD4-1 increased from normal gastric mucosa
to intestinal metaplasia and decreased from dysplasia
to gastric carcinoma. These changes did not correlate
with PTEN expression changes during gastric carcinogenesis. Moreover, we found similar results in protein
levels in the primary tumors and adjacent non-tumor-

WJG|www.wjgnet.com

TO THE EDITOR
One of the aims of cancer research is to identify me
chanisms controlling the loss of tumor suppressors
that promote cancer development. Expression of pho
sphatase and tensin homolog (PTEN), a tumor sup
pressor gene[1-3], is frequently down-regulated in gastric
carcinomas (GC) due to mutation, loss of heterozygosity,
and promoter hypermethylation[4-8]. In an effort to deter
mine if neuronal precursor cell-expressed developmen
tally down-regulated 4-1 (NEDD4-1), a potential dual
regulator of PTEN[9,10], plays a role in the development
of gastric carcinoma, Kim et al[11] investigated NEDD4-1
protein expression in 60 specimens of gastric carcinoma
tissues using immunohistochemistry. They found that
75% of GC were immunopositive for NEDD4-1, where
as the normal gastric mucosal cells displayed a weak or
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Table 1 Differential expression of neuronal precursor cell-expressed developmentally down-regulated 4-1 and phosphatase and tensin homolog at different histological gastric tissue specimens
n

Group

Age (yr) Sex (M/F)

NEDD4-1
-

Normal gastric mucosa 21 50.0 ± 14.1

Chronic gastritis
Intestinal metaplasia
Dysplasia
Gastric carcinoma
Overall

21
41
48
50
181

54.2 ± 14.7
54.5 ± 12.4
57.4 ± 12.5
54.0 ± 12.3
54.6 ± 13.8

13/8

10/11
21/20
26/22
31/19
101/80

2

PTEN

+ ++ +++ Mean rank Group P value
6

11

2

87.64

0 8
3 6
4 14
7 21
16 55

9
23
19
18
80

4
9
11
4
30

96.26
106.16
95.83
73.13

1 vs 2
1 vs 3
1 vs 4
1 vs 5
2 vs 3
2 vs 4
2 vs 5
3 vs 4
3 vs 5
4 vs 5

0.567
0.127
0.519
0.225
0.399
0.983
0.059
0.364
0.001
0.029

-

+ ++ +++ Mean rank Group P value

3 10

1
13
13
30
60

10
15
16
10
61

4

4

108.26

8
9
15
9
45

2
4
4
1
15

116.21
91.55
98.08
65.9

1 vs 2
1 vs 3
1 vs 4
1 vs 5
2 vs 3
2 vs 4,
2 vs 5
3 vs 4
3 vs 5
4 vs 5

0.607
0.211
0.448
0.001
0.062
0.185
0.000
0.535
0.012
0.001

NEDD4-1: Neuronal precursor cell-expressed developmentally down-regulated 4-1; PTEN: Phosphatase and tensin homolog.

and Table 1, P < 0.05). There were no significant differ
ences in NEDD4-1 expression between GC and NGM
or CG (Figure 1 and Table 1). The expression of PTEN
was found to increase from NGM to CG, but to decrease
from IM to GC (P < 0.05). The PTEN expression level
was significantly decreased in GC compared with NGM,
CG, IM and Dys (Figure 1 and Table 1, P < 0.05). Analy
sis of the data from cases of GC did not show an obvi
ous association between NEDD4-1 or PTEN expression
levels and clinicopathological grades. In addition, we did
not find any correlations between NEDD4-1 expression
and PTEN expression in different stages. In primary GC,
13 (86.7%) of 15 cases showed a reduction in PTEN ex
pression in tumor tissues compared with the correspond
ing non-tumorous mucosa. The mean level of PTEN
expression was significantly lower in tumor samples than
in the non-cancerous counterparts (Figure 2, P < 0.05).
However, there was no significant difference in the ex
pression of NEDD4-1 between tumor samples and the
non-cancerous counterparts (Figure 2, P < 0.05).
Since Kim et al[11] showed an increased expression
of NEDD4-1 in GC, we expected to detect increased
NEDD4-1 expression in GC. However, we found that
NEDD4-1 was increased in the early stages of gastric
carcinogenesis, but was then decreased in GC. In addi
tion, we did not find increased NEDD4-1 expression in
tumor tissues compared with the corresponding nontumorous mucosa. More importantly, there was no corre
lation between NEDD4-1 expression and PTEN expres
sion.
There are several factors that may explain the incon
sistencies between the results from our study and those
from others. First, although NEDD4-1 is believed to be
a potential dual regulator of PTEN, there are discrepan
cies regarding the nature of the relationship between
NEDD4-1 and PTEN. Fouladkou et al reported that
NEDD4-1 is not the E3 ligase regulating PTEN stabil
ity and subcellular localization[9,10,13]. We did not see any
correlation between NEDD4-1 and PTEN expressions,
suggesting that NEDD4-1 may not be a regulator of
PTEN in gastric carcinogenesis. Second, there was dif

no immunoreactivity. NEDD4-1, an E3 ubiquitin-protein
ligase, is believed to play two opposite roles in regulation
of PTEN[9,10]. On one hand, it exercises an oncogenic
function by catalyzing PTEN polyubiquitination, result
ing in degradation of PTEN protein[9]. On the other
hand, it exerts a tumor suppressive function by catalyzing
PTEN monoubiquitination and regulating PTEN nuclear
transport[10]. Together, these data suggest that NEDD4-1
may play a role in gastric carcinoma development and
that it may function as a negative regulator of PTEN.
To gain further insight into the role of NEDD4-1,
and more importantly, its association with PTEN in gas
tric carcinoma development, we measured expression of
NEDD4-1 and PTEN by immunohistochemistry in bi
opsies or surgical specimens of 181 patients with various
developmental stages of gastric carcinoma collected from
January 2007 to September 2009 at the First Affiliated
Hospital of Nanchang University. The specimens includ
ed 21 cases of normal gastric mucosa (NGM), 21 cases
of chronic gastritis (CG), 41 cases of intestinal metapla
sia (IM), 48 cases of dysplasia (Dys), and 50 cases of GC
(Table 1). There were no significant differences in the age
or gender distributions among these groups. These tissue
specimens were sectioned and immunostained using the
PV-9000 Polymer Detection System (Zhongshan Goldenbridge, Beijing, China), then reviewed and scored semiquantitatively, as described previously[12]. An additional
15 pairs of primary tumors and adjacent non-tumorous
tissues were subjected to total cellular protein isolation
and Western blot analysis of NEDD4-1 and PTEN
expression. This work was approved by the Ethics Com
mittee of the First Affiliated Hospital of Nanchang Uni
versity. Primary antibodies used in this study were: rabbit
polyclonal anti-human NEDD4-1 (Millipore, Billerica,
MA, United States), PTEN (Abcam, Cambridge, United
Kingdom), and β-actin (Santa Cruz Biotechnology, Santa
Cruz, CA, United States).
The expression of NEDD4-1 was found to increase
from NGM to IM, but to decrease from Dys to GC (P
< 0.05). NEDD4-1 expression level was significantly
decreased in GC compared with IM or Dys (Figure 1
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Figure 1 Immunohistochemical staining of neuronal precursor cell-expressed developmentally down-regulated 4-1 and phosphatase and tensin homolog
protein in different histological samples of gastric tissues. A: The expression of neuronal precursor cell-expressed developmentally down-regulated 4-1 (NEDD4-1)
in normal gastric mucosa (NGM); B: The expression of NEDD4-1 in chronic gastritis (CG); C: The expression of NEDD4-1 in intestinal metaplasia (IM); D: The expression of NEDD4-1 in dysplasia (Dys); E: The expression of NEDD4-1 in gastric carcinoma (GC); F: The expression of phosphatase and tensin homolog (PTEN) in NGM; G:
The expression of PTEN in CG; H: The expression of PTEN in IM; I: The expression of PTEN in Dys; J: The expression of PTEN in GC. Magnification: × 200.
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Figure 2 Relative neuronal precursor cell-expressed developmentally
down-regulated 4-1 and phosphatase and tensin homolog protein expression level in gastric carcinoma compared to adjacent non-tumorous
mucosa. Immunoblots of neuronal precursor cell-expressed developmentally
down-regulated 4-1 (NEDD4-1), phosphatase and tensin homolog (PTEN) were
scanned and the relative protein expression level of tumor samples vs their noncancerous counterparts is expressed as % of b-actin. aP < 0.05.

5

6

ference in the genetic background of the cohort from
our study and a previous study. In our study, patients
were from southern China, whereas in the study by Kim
et al[11], patients were from South Korea. In addition, the
scoring systems of the two studies were different. In
conclusion, we show in the present study that NEDD4-1
and PTEN are distinctly expressed in the various stages
of gastric carcinogenesis. In addition, PTEN expression
was significantly lower in primary tumors than in adjacent
non-tumorous tissues, while there was no difference in
NEDD4-1 expression between primary tumors and ad
jacent non-tumorous tissues. Therefore, NEDD4-1 may
not be a regulator of PTEN in gastric carcinogenesis. To
elucidate the roles of NEDD4-1 in gastric carcinogen
esis, especially the role in regulation of PTEN function,
further studies with larger samples in the various stages
of gastric carcinoma are needed.
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Text
For articles of these sections, original articles and brief articles, the main text should be structured into the following sections: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm.

cording to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability[1,2]”. If references are cited
directly in the text, they should be put together within the text, for
example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself.
File names should identify the figure and panel. Avoid layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the printed and E-versions.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be
used in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
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tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
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Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).

Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic
numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
Examples for paper writing
Editorial: http://www.wjgnet.com/1007-9327/g_info_20100315
220036.htm
Frontier: http://www.wjgnet.com/1007-9327/g_info_20100315
220305.htm
Topic highlight: http://www.wjgnet.com/1007-9327/g_info_20
100315220601.htm
Observation: http://www.wjgnet.com/1007-9327/g_info_201003
12232427.htm
Guidelines for basic research: http://www.wjgnet.com/1007-93
27/g_info_20100315220730.htm
Guidelines for clinical practice: http://www.wjgnet.com/10079327/g_info_20100315221301.htm
Review: http://www.wjgnet.com/1007-9327/g_info_20100315
221554.htm
Original articles: http://www.wjgnet.com/1007-9327/g_info_20
100315221814.htm

Statistical data
Write as mean ± SD or mean ± SE.
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The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade B certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.
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Authors of accepted original articles are suggested to write science
news to promote their articles. The news will be released rapidly at
EurekAlert/AAAS (http://www.eurekalert.org). The title for science news should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news should be lawful, ethical, and strictly based on your original
content with an attractive title and interesting pictures.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A or B.
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License, which permits use, distribution, and reproduction in any
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editor are published free of charge.

Copyright assignment form
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Eric CH Lai, Hong Kong
Jun Yu, Hong Kong
Ze-Guang Han, Shanghai
Bian zhao-xiang, Hong Kong
Wei-Dong Tong, Chongqing

De Aretxabala Xabier, Santiago
Marcelo A Beltran, La Serena
Silvana Zanlungo, Santiago

Milan Jirsa, Praha
Pavel Trunečka, Prague
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Ondrej Slaby, Brno
Radan Bruha, Prague

China
Chi-Hin Cho, Hong Kong
Chun-Qing Zhang, Jinan
Ren Xiang Tan, Nanjing
Fei Li, Beijing
Hui-Jie Bian, Xi'an
Xiao-Peng Zhang, Beijing
Xing-Hua Lu, Beijing
Fu-Sheng Wang, Beijing
An-Gang Yang, Xi’an
Xiao-Ping Chen, Wuhan
Zong-Jie Cui, Beijing
Ming-Liang He, Hong Kong
Yuk-Tong Lee, Hong Kong
Qin Su, Beijing
Jian-Zhong Zhang, Beijing
Paul Kwong-Hang Tam, Hong Kong
Wen-Rong Xu, Zhenjiang
Chun-Yi Hao, Beijing
San-Jun Cai, Shanghai
Simon Law, Hong Kong
Yuk Him Tam, Hong Kong
De-Liang Fu, Shanghai
Eric WC Tse, Hong Kong

II

Denmark
Asbjørn M Drewes, Aalborg
Leif Percival Andersen, Copenhagen
Jan Mollenhauer, Odense C
Morten Frisch, Copenhagen S
Jorgen Rask-Madsen, Skodsborg
Morten Hylander Møller, Holte
Søren Rafaelsen, Vejle
Vibeke Andersen, Aabenraa
Ole Haagen Nielsen, Herlev

Ecuador
Fernando E Sempértegui, Quito

Egypt
Zeinab Nabil Ahmed Said, Cairo
Hussein M Atta, El-Minia
Asmaa Gaber Abdou, Shebein Elkom
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Maha Maher Shehata, Mansoura

Estonia
Riina Salupere, Tartu
Tamara Vorobjova, Tartu

Finland
Saila Kauhanen, Turku
Pauli Antero Puolakkainen, Turku
Minna Nyström, Helsinki
Juhani Sand, Tampere
Jukka-Pekka Mecklin, Jyvaskyla
Lea Veijola, Helsinki
Kaija-Leena Kolho, Helsinki
Thomas Kietzmann, Oulu

France
Boris Guiu, Dijon
Baumert F Thomas, Strasbourg
Alain L Servin, Châtenay-Malabry
Patrick Marcellin, Paris
Jean-Jacques Tuech, Rouen
Francoise L Fabiani, Angers
Jean-Luc Faucheron, Grenoble
Philippe Lehours, Bordeaux
Stephane Supiot, Nantes
Lionel Bueno, Toulouse
Flavio Maina, Marseille
Paul Hofman, Nice
Abdel-Majid Khatib, Paris
Annie Schmid-Alliana, Nice cedex 3
Frank Zerbib, Bordeaux Cedex
Rene Gerolami Santandera, Marseille
Sabine Colnot, Paris
Catherine Daniel, Lille Cedex
Thabut Dominique, Paris
Laurent Huwart, Paris
Alain Braillon, Amiens
Bruno Bonaz, Grenoble
Evelyne Schvoerer, Strasbourg
M Coeffier, Rouen
Mathias Chamaillard, Lille
Hang Nguyen, Clermont-Ferrand
Veronique Vitton, Marseille
Alexis Desmoulière, Limoges
Juan Iovanna, Marseille

Germany
Hans L Tillmann, Leipzig
Stefan Kubicka, Hannover
Elke Cario, Essen
Hans Scherubl, Berlin
Harald F Teutsch, Ulm
Peter Konturek, Erlangen
Thilo Hackert, Heidelberg
Jurgen M Stein, Frankfurt
Andrej Khandoga, Munich
Karsten Schulmann, Bochum
Jutta Elisabeth Lüttges, Riegelsberg
Wolfgang Hagmann, Heidelberg
Hubert Blum, Freiburg
Thomas Bock, Berlin
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Christa Buechler, Regensburg
Christoph F Dietrich, Bad Mergentheim
Ulrich R Fölsch, Kiel
Nikolaus Gassler, Aachen
Markus Gerhard, Munich
Dieter Glebe, Giessen
Klaus R Herrlinger, Stuttgart
Eberhard Hildt, Berlin
Joerg C Hoffmann, Ludwigshafen
Joachim Labenz, Siegen
Peter Malfertheiner, Magdeburg
Sabine Mihm, Göttingen
Markus Reiser, Bochum
Steffen Rickes, Magdeburg
Andreas G Schreyer, Regensburg
Henning Schulze-Bergkamen, Heidelberg
Ulrike S Stein, Berlin
Wolfgang R Stremmel, Heidelberg
Fritz von Weizsäcker, Berlin
Stefan Wirth, Wuppertal
Dean Bogoevski, Hamburg
Bruno Christ, Halle/Saale
Peter N Meier, Hannover
Stephan Johannes Ott, Kiel
Arndt Vogel, Hannover
Dirk Haller, Freising
Jens Standop, Bonn
Jonas Mudter, Erlangen
Jürgen Büning, Lübeck
Matthias Ocker, Erlangen
Joerg Trojan, Frankfurt
Christian Trautwein, Aachen
Jorg Kleeff, Munich
Christian Rust, Munich
Claus Hellerbrand, Regensburg
Elke Roeb, Giessen
Erwin Biecker, Siegburg
Ingmar Königsrainer, Tübingen
Jürgen Borlak, Hannover
Axel M Gressner, Aachen
Oliver Mann, Hamburg
Marty Zdichavsky, Tübingen
Christoph Reichel, Bad Brückenau
Nils Habbe, Marburg
Thomas Wex, Magdeburg
Frank Ulrich Weiss, Greifswald
Manfred V Singer, Mannheim
Martin K Schilling, Homburg
Philip D Hard, Giessen
Michael Linnebacher, Rostock
Ralph Graeser, Freiburg
Rene Schmidt, Freiburg
Robert Obermaier, Freiburg
Sebastian Mueller, Heidelberg
Andrea Hille, Goettingen
Klaus Mönkemüller, Bottrop
Elfriede Bollschweiler, Köln
Siegfried Wagner, Deggendorf
Dieter Schilling, Mannheim
Joerg F Schlaak, Essen
Michael Keese, Frankfurt
Robert Grützmann, Dresden
Ali Canbay, Essen
Dirk Domagk, Muenster
Jens Hoeppner, Freiburg
Frank Tacke, Aachen
Patrick Michl, Marburg
Alfred A Königsrainer, Tübingen
Kilian Weigand, Heidelberg
Mohamed Hassan, Duesseldorf
Gustav Paumgartner, Munich

III

Philipe N Khalil, Munich
Martin Storr, Munich

Greece
Andreas Larentzakis, Athens
Tsianos Epameinondas, Ioannina
Elias A Kouroumalis, Heraklion
Helen Christopoulou-Aletra, Thessaloniki
George Papatheodoridis, Athens
Ioannis Kanellos, Thessaloniki
Michael Koutsilieris, Athens
T Choli-Papadopoulou, Thessaloniki
Emanuel K Manesis, Athens
Evangelos Tsiambas, Ag Paraskevi Attiki
Konstantinos Mimidis, Alexandroupolis
Spilios Manolakopoulos, Athens
Spiros Sgouros, Athens
Ioannis E Koutroubakis, Heraklion
Stefanos Karagiannis, Athens
Spiros Ladas, Athens
Elena Vezali, Athens
Dina G Tiniakos, Athens
Ekaterini Chatzaki, Alexandroupolis
Dimitrios Roukos, Ioannina
George Sgourakis, Athens
Maroulio Talieri, Athens

Hungary
Peter L Lakatos, Budapest
Yvette Mándi, Szeged
Ferenc Sipos, Budapest
György M Buzás, Budapest
László Czakó, Szeged
Peter Hegyi, Szeged
Zoltan Rakonczay, Szeged
Gyula Farkas, Szeged
Zsuzsa Szondy, Debrecen
Gabor Veres, Budapest
Zsuzsa Schaff, Budapest

India
Philip Abraham, Mumbai
Sri P Misra, Allahabad
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Rakesh Kumar Tandon, New Delhi
Jai Dev Wig, Chandigarh
Uday C Ghoshal, Lucknow
Pramod Kumar Garg, New Delhi
Barjesh Chander Sharma, New Delhi
Gopal Nath, Varanasi
Bhupendra Kumar Jain, Delhi
Devinder Kumar Dhawan, Chandigarh
Ashok Kumar, Lucknow
Benjamin Perakath, Tamil Nadu
Debidas Ghosh, Midnpore
Pankaj Garg, Panchkula
Samiran Nundy, New Delhi
Virendra Singh, Chandigarh
Bikash Medhi, Chandigarh
Radha K Dhiman, Chandigarh
Vandana Panda, Mumbai
Vineet Ahuja, New Delhi
SV Rana, Chandigarh

January 7, 2012

Deepak N Amarapurkar, Mumbai
Abhijit Chowdhury, Kolkata
Jasbir Singh, Kurukshetra
B Mittal, Lucknow
Sundeep Singh Saluja, New Delhi
Pradyumna Kumar Mishra, Mumbai
Runu Chakravarty, Kolkata
Nagarajan Perumal, New Delhi

Indonesia
David handojo Muljono, Jakarta
Andi Utama, Tangerang

Iran
Seyed-Moayed Alavian, Tehran
Reza Malekzadeh, Tehran
Peyman Adibi, Isfahan
Alireza Mani, Tehran
Seyed Mohsen Dehghani, Shiraz
Mohammad Abdollahi, Tehran
Majid Assadi, Bushehr
Arezoo Aghakhani, Tehran
Marjan Mohammadi, Tehran
Fariborz Mansour-Ghanaei, Rasht

Ireland
Ross McManus, Dublin
Billy Bourke, Dublin
Catherine Greene, Dublin
Ted Dinan, Cork
Marion Rowland, Dublin

Israel
Abraham R Eliakim, Haifa
Simon Bar-Meir, Tel Hashomer
Ami D Sperber, Beer-Sheva
Boris Kirshtein, Beer Sheva
Mark Pines, Bet Dagan
Menachem Moshkowitz, Tel-Aviv
Ron Shaoul, Haifa
Shmuel Odes, Beer Sheva
Sigal Fishman, Tel Aviv
Alexander Becker, Afula
Assy Nimer, Safed
Eli Magen, Ashdod
Amir Shlomai, Tel-Aviv

Italy
Mauro Bortolotti, Bologna
Gianlorenzo Dionigi, Varese
Fiorucci Stefano, Perugia
Roberto Berni Canani, Naples
Ballarin Roberto, Modena
Bruno Annibale, Roma
Vincenzo Stanghellini, Bologna
Giovanni B Gaeta, Napoli
Claudio Bassi, Verona
Mauro Bernardi, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome
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Dario Conte, Milano
Francesco Costa, Pisa
Giovanni D De Palma, Naples
Giammarco Fava, Ancona
Francesco Feo, Sassari
Edoardo G Giannini, Genoa
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Pietro Invernizzi, Milan
Ezio Laconi, Cagliari
Giuseppe Montalto, Palermo
Giovanni Musso, Torino
Gerardo Nardone, Napoli
Valerio Nobili, Rome
Raffaele Pezzilli, Bologna
Alberto Piperno, Monza
Anna C Piscaglia, Roma
Piero Portincasa, Bari
Giovanni Tarantino, Naples
Cesare Tosetti, Porretta Terme
Alessandra Ferlini, Ferrara
Alessandro Ferrero, Torino
Donato F Altomare, Bari
Giovanni Milito, Rome
Giuseppe Sica, Rome
Guglielmo Borgia, Naples
Giovanni Latella, L'Aquila
Salvatore Auricchio, Naples
Alberto Biondi, Rome
Alberto Tommasini, Trieste
Antonio Basoli, Roma
Giuliana Decorti, Trieste
Marco Silano, Roma
Michele Reni, Milan
Pierpaolo Sileri, Rome
Achille Iolascon, Naples
Alessandro Granito, Bologna
Angelo A Izzo, Naples
Giuseppe Currò, Messina
Pier Mannuccio Mannucci, Milano
Marco Vivarelli, Bologna
Massimo Levrero, Rome
Massimo Rugge, Padova
Paolo Angeli, Padova
Silvio Danese, Milano
Antonello Trecca, Rome
Antonio Gasbarrini, Rome
Cesare Ruffolo, Treviso
Massimo Falconi, Verona
Fausto Catena, Bologna
Francesco Manguso, Napoli
Giancarlo Mansueto, Verona
Luca Morelli, Trento
Marco Scarpa, Padova
Mario M D'Elios, Florence
Francesco Luzza, Catanzaro
Franco Roviello, Siena
Guido Torzilli, Rozzano Milano
Luca Frulloni, Verona
Lucia Malaguarnera, Catania
Lucia Ricci Vitiani, Rome
Mara Massimi, L'Aquila
Mario Pescatori, Rome
Mario Rizzetto, Torino
Mirko D’Onofrio, Verona
Nadia Peparini, Rome
Paola De Nardi, Milan
Paolo Aurello, Rome
Piero Amodio, Padova
Riccardo Nascimbeni, Brescia

IV

Vincenzo Villanacci, Brescia
Vittorio Ricci, Pavia
Silvia Fargion, Milan
Luigi Bonavina, Milano
Oliviero Riggio, Rome
Fabio Pace, Milano
Gabrio Bassotti, Perugia
Giulio Marchesini, Bologna
Roberto de Franchis, Milano
Giovanni Monteleone, Rome
C armelo Scarpignato, Parma
Luca VC Valenti, Milan
Urgesi Riccardo, Rome
Marcello Persico, Naples
Antonio Moschetta, Bari
Luigi Muratori, Bologna
Angelo Zullo, Roma
Vito Annese, Florence
Simone Lanini, Rome
Alessandro Grasso, Savona
Giovanni Targher, Verona
Domenico Girelli, Verona
Alessandro Cucchetti, Bologna
Fabio Marra, Florence
Michele Milella, Rome
Francesco Franceschi, Rome
Giuseppina De Petro, Brescia
Salvatore Leonardi, Catania
Cristiano Simone, Santa Maria Imbaro
Bernardino Rampone, Salerno
Francesco Crea, Pisa
Walter Fries, Messina
Antonio Craxì, Palermo
Gerardo Rosati, Potenza
Mario Guslandi, Milano
Gianluigi Giannelli, Bari
Paola Loria, Modena
Paolo Sorrentino, Avellino
Armando Santoro, Rozzano
Gabriele Grassi, Trieste
Antonio Orlacchio, Rome

Japan
Tsuneo Kitamura, Chiba
Katsutoshi Yoshizato, Higashihiroshima
Masahiro Arai, Tokyo
Shinji Tanaka, Hiroshima
Keiji Hirata, Kitakyushu
Yoshio Shirai, Niigata
Susumu Ohmada, Maebashi
Kenichi Ikejima, Tokyo
Masatoshi Kudo, Osaka
Yoshiaki Murakami, Hiroshima
Masahiro Tajika, Nagoya
Kentaro Yoshika, Toyoake
Kyoichi Adachi, Izumo
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Hitoshi Asakura, Tokyo
Mitsuhiro Fujishiro, Tokyo
Toru Hiyama, Higashihiroshima
Yutaka Inagaki, Kanagawa
Hiromi Ishibashi, Nagasaki
Shunji Ishihara, Izumo
Toru Ishikawa, Niigata
Yoshiaki Iwasaki, Okayama
Terumi Kamisawa, Tokyo
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Norihiro Kokudo, Tokyo
Shin Maeda, Tokyo
Yasushi Matsuzaki, Ibaraki
Kenji Miki, Tokyo
Hiroto Miwa, Hyogo
Yoshiharu Motoo, Kanazawa
Kunihiko Murase, Tusima
Atsushi Nakajima, Yokohama
Yuji Naito,
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Mikio Nishioka, Niihama
Hirohide Ohnishi, Akita
Kazuichi Okazaki, Osaka
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo
Yasushi Sano, Kobe
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Toyama
Shinji Shimoda, Fukuoka
Masayuki Sho, Nara
Hidekazu Suzuki, Tokyo
Shinji Togo, Yokohama
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Akihito Nagahara, Tokyo
Hiroaki Takeuchi, Kochi
Keiji Ogura, Tokyo
Kotaro Miyake, Tokushima
Mitsunori Yamakawa, Yamagata
Naoaki Sakata, Sendai
Naoya Kato, Tokyo
Satoshi Mamori, Hyogo
Shogo Kikuchi, Aichi
Shoichiro Sumi, Kyoto
Susumu Ikehara, Osaka
Taketo Yamaguchi, Chiba
Tokihiko Sawada, Tochigi
Tomoharu Yoshizumi, Fukuoka
Toshiyuki Ishiwata, Tokyo
Yasuhiro Fujino, Akashi
Yasuhiro Koga, Isehara city
Yoshihisa Takahashi, Tokyo
Yoshitaka Takuma, Okayama
Yutaka Yata, Maebashi-city
Itaru Endo, Yokohama
Kazuo Chijiiwa, Miyazaki
Kouhei Fukushima, Sendai
Masahiro Iizuka, Akita
Mitsuyoshi Urashima, Tokyo
Munechika Enjoji, Fukuoka
Takashi Kojima, Sapporo
Takumi Kawaguchi, Kurume
Yoshiyuki Ueno, Sendai
Yuichiro Eguchi, Saga
Akihiro Tamori, Osaka
Atsushi Masamune, Sendai
Atsushi Tanaka, Tokyo
Hitoshi Tsuda, Tokyo
Takashi Kobayashi, Tokyo
Akimasa Nakao, Nagogya
Hiroyuki Uehara, Osaka
Masahito Uemura, Kashihara
Satoshi Tanno, Sapporo
Toshinari Takamura, Kanazawa
Yohei Kida, Kainan
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Masanori Hatakeyama, Tokyo
Satoru Kakizaki, Gunma
Shuhei Nishiguchi, Hyogo
Yuichi Yoshida, Osaka
Manabu Morimoto, Japan
Mototsugu Kato, Sapporo
Naoki Ishii, Tokyo
Noriko Nakajima, Tokyo
Nobuhiro Ohkohchi, Tsukuba
Takanori Kanai, Tokyo
Kenichi Goda, Tokyo
Mitsugi Shimoda, Mibu
Zenichi Morise, Nagoya
Hitoshi Yoshiji, Kashihara
Takahiro Nakazawa, Nagoya
Utaroh Motosugi, Yamanashi
Nobuyuki Matsuhashi, Tokyo
Yasuhiro Kodera, Nagoya
Takayoshi Ito, Tokyo
Yasuhito Tanaka, Nagoya
Haruhiko Sugimura, Hamamatsu
Hiroki Yamaue, Wakayama
Masao Ichinose, Wakayama
Takaaki Arigami, Kagoshima
Nobuhiro Zaima, Nara
Naoki Tanaka, Matsumoto
Satoru Motoyama, Akita
Tomoyuki Shibata, Toyoake
Tatsuya Ide, Kurume
Tsutomu Fujii, Nagoya
Osamu Kanauchi, Toky
Atsushi Irisawa, Aizuwakamatsu
Hikaru Nagahara, Tokyo
Keiji Hanada, Onomichi
Keiichi Mitsuyama, Fukuoka
Shin Maeda, Yokohama
Takuya Watanabe, Niigata
Toshihiro Mitaka, Sapporo
Yoshiki Murakami, Kyoto
Tadashi Shimoyama, Hirosaki

Jordan
Ismail Matalka, Irbid
Khaled Jadallah, Irbid

Kuwait
Islam Khan, Safat

Lebanon
Bassam N Abboud, Beirut
Rami Moucari, Beirut
Ala I Sharara, Beirut
Rita Slim, Beirut

Lithuania
Giedrius Barauskas, Kaunas
Limas Kupcinskas, Kaunas

Malaysia
Andrew Seng Boon Chua, Ipoh



Mexico
Saúl Villa-Trevio, México
Omar Vergara-Fernandez, Mexico
Diego Garcia-Compean, Monterrey
Arturo Panduro, Jalisco
Miguel Angel Mercado, Distrito Federal
Richard A Awad, Mexico
Aldo Torre Delgadillo, México
Paulino Martínez Hernández Magro, Celaya
Carlos A Aguilar-Salinas, Mexico
Jesus K Yamamoto-Furusho, Mexico

Morocco
Samir Ahboucha, Khouribga

Moldova
Igor Mishin, Kishinev

Netherlands
Ulrich Beuers, Amsterdam
Albert Frederik Pull ter Gunne, Tilburg
Jantine van Baal, Heidelberglaan
Wendy Wilhelmina Johanna de Leng, Utrecht
Gerrit A Meijer, Amsterdam
Lee Bouwman, Leiden
J Bart A Crusius, Amsterdam
Frank Hoentjen, Haarlem
Servaas Morré, Amsterdam
Chris JJ Mulder, Amsterdam
Paul E Sijens, Groningen
Karel van Erpecum, Utrecht
BW Marcel Spanier, Arnhem
Misha Luyer, Sittard
Pieter JF de Jonge, Rotterdam
Robert Christiaan Verdonk, Groningen
John Plukker, Groningen
Maarten Tushuizen, Amsterdam
Wouter de Herder, Rotterdam
Erwin G Zoetendal, Wageningen
Robert J de Knegt, Rotterdam
Albert J Bredenoord, Nieuwegein
Annemarie de Vries, Rotterdam
Astrid van der Velde, Ede
Lodewijk AA Brosens, Utrecht
James CH Hardwick, Leiden
Loes van Keimpema, Nijmegen
WJ de Jonge, Amsterdam
Zuzana Zelinkova, Rotterdam
LN van Steenbergen, Eindhoven
Frank G Schaap, Amsterdam
Jeroen Maljaars, Leiden

New Zealand
Andrew S Day, Christchurch
Max S Petrov, Auckland

Norway
Espen Melum, Oslo
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Trine Olsen, Tromsø
Eyvind J Paulssen, Tromsø
Rasmus Goll, Tromsø
Asle W Medhus, Oslo
Jon Arne Søreide, Stavanger
Kjetil Soreide, Stavanger
Reidar Fossmark, Trondheim
Trond Peder Flaten, Trondheim
Olav Dalgard, Oslo
Ole Høie, Arendal
Magdy El-Salhy, Bergen
Jørgen Valeur, Oslo

Singapore
Brian Kim Poh Goh, Singapore
Khek-Yu Ho, Singapore
Fock Kwong Ming, Singapore
Francis Seow-Choen, Singapore
Kok Sun Ho, Singapore
Kong Weng Eu, Singapore
Madhav Bhatia, Singapore
London Lucien Ooi, Singapore
Wei Ning Chen, Singapore
Richie Soong, Singapore
Kok Ann Gwee, Singapore

Pakistan
Shahab Abid, Karachi
Syed MW Jafri, Karachi

Slovenia
Matjaz Homan, Ljubljana

Poland
Beata Jolanta Jablońska, Katowice
Halina Cichoż-Lach, Lublin
Tomasz Brzozowski, Cracow
Hanna Gregorek, Warsaw
Marek Hartleb, Katowice
Stanislaw J Konturek, Krakow
Andrzej Dabrowski, Bialystok
Jan Kulig, Kraków
Julian Swierczynski, Gdansk
Marek Bebenek, Wroclaw
Dariusz M Lebensztejn, Bialystok

Portugal
Ricardo Marcos, Porto
Guida Portela-Gomes, Estoril
Ana Isabel Lopes, Lisboa Codex
Raquel Almeida, Porto
Rui Tato Marinho, Lisbon
Ceu Figueiredo, Porto

Romania
Dan L Dumitrascu, Cluj
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Anca Trifan, Iasi

Russia
Vasiliy I Reshetnyak, Moscow

Saudi Arabia
Ibrahim A Al Mofleh, Riyadh
Abdul-Wahed Meshikhes, Qatif
Faisal Sanai, Riyadh

Serbia
Tamara M Alempijevic, Belgrade
Dusan M Jovanovic, Sremska Kamenica
Zoran Krivokapic, Belgrade
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South Africa
Rosemary Joyce Burnett, Pretoria
Michael Kew, Cape Town
Roland Ndip, Alice

South Korea
Byung Chul Yoo, Seoul
Jae J Kim, Seoul
Jin-Hong Kim, Suwon
Marie Yeo, Suwon
Jeong Min Lee, Seoul
Eun-Yi Moon, Seoul
Joong-Won Park, Goyang
Hoon Jai Chun, Seoul
Myung-Gyu Choi, Seoul
Sang Kil Lee, Seoul
Sang Yeoup Lee, Gyeongsangnam-do
Won Ho Kim, Seoul
Dae-Yeul Yu, Daejeon
Donghee Kim, Seoul
Sang Geon Kim, Seoul
Sun Pyo Hong, Geonggi-do
Sung-Gil Chi, Seoul
Yeun-Jun Chung, Seoul
Ki-Baik Hahm, Incheon
Ji Kon Ryu, Seoul
Kyu Taek Lee, Seoul
Yong Chan Lee, Seoul
Seong Gyu Hwang, Seongnam
Seung Woon Paik, Seoul
Sung Kim, Seoul
Hong Joo Kim, Seoul
Hyoung-Chul Oh, Seoul
Nayoung Kim, Seongnam-si
Sang Hoon Ahn, Seoul
Seon Hahn Kim, Seoul
Si Young Song, Seoul
Young-Hwa Chung, Seoul
Hyo-Cheol Kim, Seoul
Kwang Jae Lee, Swon
Sang Min Park, Seoul
Young Chul Kim, Seoul
Do Hyun Park, Seoul
Dae Won Jun, Seoul
Dong Wan Seo, Seoul
Soon-Sun Hong, Incheon

VI

Hoguen Kim, Seoul
Ho-Young Song, Seoul
Joo-Ho Lee, Seoul
Jung Eun Lee, Seoul
Jong H Moon, Bucheon

Spain
Eva Vaquero, Barcelona
Andres Cardenas, Barcelona
Laureano Fernández-Cruz, Barcelona
Antoni Farré, Spain
Maria-Angeles Aller, Madrid
Raul J Andrade, Málaga
Fernando Azpiroz, Barcelona
Josep M Bordas, Barcelona
Antoni Castells, Barcelona
Vicente Felipo, Valencia
Isabel Fabregat, Barcelona
Angel Lanas, Zaragoza
Juan-Ramón Larrubia, Guadalajara
María IT López, Jaén
Jesús M Prieto, Pamplona
Mireia Miquel, Sabadell
Ramon Bataller, Barcelona
Fernando J Corrales, Pamplona
Julio Mayol, Madrid
Matias A Avila, Pamplona
Juan Macías, Seville
Juan Carlos Laguna Egea, Barcelona
Juli Busquets, Barcelona
Belén Beltrán, Valencia
José Manuel Martin-Villa, Madrid
Lisardo Boscá, Madrid
Luis Grande, Barcelona
Pedro Lorenzo Majano Rodriguez, Madrid
Adolfo Benages, Valencia
Domínguez-Muñoz JE, Santiago de Compostela
Gloria González Aseguinolaza, Navarra
Javier Martin, Granada
Luis Bujanda, San Sebastián
Matilde Bustos, Pamplona
Luis Aparisi, Valencia
José Julián calvo Andrés, Salamanca
Benito Velayos, Valladolid
Javier Gonzalez-Gallego, León
Ruben Ciria, Córdoba
Francisco Rodriguez-Frias, Barcelona
Manuel Romero-Gómez, Sevilla
Albert Parés, Barcelona
Joan Roselló-Catafau, Barcelona

Sri Lanka
Arjuna De Silva, Kelaniya

Sweden
Stefan G Pierzynowski, Lund
Hanns-Ulrich Marschall, Stockholm
Lars A Pahlman, Uppsala
Helena Nordenstedt, Stockholm
Bobby Tingstedt, Lund
Evangelos Kalaitzakis, Gothenburg
Lars Erik Agréus, Huddinge
Annika Lindblom, Stockholm
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Roland Andersson, Lund
Zongli Zheng, Stockholm
Mauro D'Amato, Huddinge
Greger Lindberg, Stockholm
Pär Erik Myrelid, Linköping
Sara Lindén, Göteborg
Sara Regnér, Malmö
Åke Nilsson, Lund

Switzerland
Jean L Frossard, Geneva
Andreas Geier, Zürich
Bruno Stieger, Zürich
Pascal Gervaz, Geneva
Paul M Schneider, Zurich
Felix Stickel, Berne
Fabrizio Montecucco, Geneva
Inti Zlobec, Basel
Michelangelo Foti, Geneva
Pascal Bucher, Geneva
Andrea De Gottardi, Berne
Christian Toso, Geneva

Thailand
Weekitt Kittisupamongkol, Bangkok

Trinidad and Tobago
Shivananda Nayak, Mount Hope

Turkey
Tarkan Karakan, Ankara
Yusuf Bayraktar, Ankara
Ahmet Tekin, Mersin
Aydin Karabacakoglu, Konya
Osman C Ozdogan, Istanbul
Özlem Yilmaz, Izmir
Bülent Salman, Ankara
Can GONEN, Kutahya
Cuneyt Kayaalp, Malatya
Ekmel Tezel, Ankara
Eren Ersoy, Ankara
Hayrullah Derici, Balıkesir
Mehmet Refik Mas, Etlik-Ankara
Sinan Akay, Tekirdag
A Mithat Bozdayi, Ankara
Metin Basaranoglu, Istanbul
Mesut Tez, Ankara
Orhan Sezgin, Mersin
Mukaddes Esrefoglu, Malatya
Ilker Tasci, Ankara
Kemal Kismet, Ankara
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Abstract
Oncological treatment is currently directed toward a tailored therapy concept. Squamous cell carcinoma of the
anal canal could be considered a suitable platform to
test new therapeutic strategies to minimize treatment
morbidity. Standard of care for patients with anal canal
cancer consists of a combination of radiotherapy and
chemotherapy. This treatment has led to a high rate of
local control and a 60% cure rate with preservation of
the anal sphincter, thus replacing surgical abdominoperineal resection. Lymph node metastases represent
a critical independent prognostic factor for local recurrence and survival. Mesorectal and iliac lymph nodes
are usually included in the radiation field, whereas the
inclusion of inguinal regions still remains controversial
because of the subsequent adverse side effects. Sentinel lymph node biopsies could clearly identify inguinal
node-positive patients eligible for therapeutic groin irradiation. A sentinel lymph node navigation procedure
is reported here to be a feasible and effective method
for establishing the true inguinal node status in patients
suffering from anal canal cancer. Based on the results
of sentinel node biopsies, a selective approach could
be proposed where node-positive patients could be selected for inguinal node irradiation while node-negative
patients could take advantage of inguinal sparing irra-
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INTRODUCTION
In the past two decades, tangible efforts have been made
to understand the natural course and behavior of anal
canal carcinoma, and, especially, to improve the efficacy
of multimodality chemo-radiation treatment. Currently,
the main issues in the treatment of this neoplasm are the
recognition of a reliable staging system and strategies to
obtain long-term survival while reducing radiation related side effects.
Anal canal squamous cell carcinoma represents 1%
to 2% of all gastrointestinal malignancies[1-3] and is associated with human papilloma virus infection[4]. Diagnostic procedures include clinical and rectal examination, endorectal ultrasound, magnetic resonance imaging
(MRI), computed tomography (CT) scan, and positron
emission tomography (PET) scan[1]. Clinical and pathological classification is based on tumor-node-metastasis
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staging developed by the American Joint Committee on
Cancer[5].
The two most significant prognostic factors are
tumor size and nodal status[6,7]. Inguinal lymph node involvement is considered a major independent prognostic
factor for local recurrence and overall survival[2] with
survival rates dropping from 70% in node-negative to
40% in node-positive patients. Syncronous inguinal metastases are strictly related to the tumor size and occur
in 10% to 25% of patients[8,9]. Metachronous metastases
are found, usually during follow-up, in 5% to 25% of
patients who were groin lymph node-negative at the time
of diagnosis[9].
Identification of the anal canal lymphatic drainage
pattern is essential to predict secondary nodal involvement. Lymphatic drainage of anal canal cancer mostly
depends on the tumor location. Based on anatomic and
physiopathological studies, tumors located under the
dentate line are more likely to drain to groin chains while
tumors located above the dentate line are prone to drain
to the internal iliac lymph node system, although the two
drain systems are not separated from each other (Figure
1)[10-12]. A tumor located laterally in the anal canal is more
likely to drain to the homolateral side. Moreover, tumors
located in the midline have the tendency to drain bilaterally in the inguinal regions[12].

Internal
iliac
nodes

Perirectal
nodes

Dentate line

Inguinal
nodes

Figure 1 Anal canal lymphatic drainage pattern.

A

TREATMENT OPTIONS AND PROGNOSIS

B

Local excision with neoplasm-free margins is recommended for T1 well-differentiated tumors[13]. Abdominoperineal resection and permanent colostomy has been
traditionally performed for anal canal cancer achieving
40% to 70% survival rate at five years[2,14]. Chemo-radiation treatment has replaced surgical resection since Nigro et al[15] introduced his protocol in 1974 and has raised
survival and eradication of tumors from 70% to 90% in
selected patients[16-19]. Predictably, prognosis is worsened
by 50% with nodal involvement and tumor size larger
than 5 cm[2]. Local recurrence shown by pathology or
incomplete pathological response after multimodality
chemo-radiotherapy treatment is an indication of subsequent abdominoperineal resection[13,20,21]. However, doserelated radiation side effects, such as anal ulcers, stenosis,
and necrosis, can necessitate a subsequent colostomy in
6% to 12% of patients[18,22-25]. Irradiation fields involving
the groin lymph nodes chain can cause inguinal fibrosis, external genitalia edema, epidermolysis with superinfection of skin, necrosis of the femoral head, femoral
head fracture, and stenosis of iliac artery [18,22,24,26-30].
Death from radiation toxicity is reported in 2.0% to 2.7%
of patients[9]. Moreover, risk of radiation side effects do
not decrease over time and might pose a lifelong risk of
developing late complications[24,29]. For these reasons,
strategies to reduce the radiation field are advisable.
Metastatic involvement of inguinal nodes is a crucial point in the correct assessment of these patients.
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Figure 2 Radiation field of anal carcinoma with exclusion (green field) or
inclusion of inguinal regions. A: Lateral view; B: Anterior view.

In fact, involvement of mesorectal nodes does not affect the therapeutic approach because they are generally
included in the radiation fields, while routine inclusion
of groin lymph node stations remains controversial. Inguinal lymph node involvement is difficult to establish.
The diagnostic accuracy of clinical evaluation and imaging tools remains low. In the case of clinically palpable
nodes, a biopsy could be performed. However, as in the
majority of cases, a clinically negative groin does not
imply absence of metastatic disease. A “wait and see”
position is recommended by some institutions[31], while
prophylactic groin irradiation is ordinarily practiced by
other groups[32]. Less frequently, the decision to irradiate
the inguinal region is based on primary anal tumor size[33]
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(Figure 2).
Prophylactic groin irradiation has been proposed by
several authors with a reduction of inguinal metastatic
recurrence as low as 2.5% to 3%[22,34-40]. Otherwise, Papillon et al[41] and Gerard et al[9] examined a large series of
clinically node-negative patients after groin sparing irradiation and observed inguinal metachronous recurrence
in 7.4% and 7.8% of patients, respectively.
Given this premise, it is clear that the majority of
patients are over treated because effective nodal staging
is not achieved. On the other hand, early T stage neoplasms with underrated nodal status may not receive the
proper treatment by inguinal sparing.

tify patients with inguinal metastatic spread and to avoid
irradiation morbidity in node-negative subjects or, conversely, to enroll node-positive patients for inguinal irradiation. SLNB should not be performed in patients with
clear evidence of clinically positive or suspicious inguinal
nodes. Some reports have also suggested the exclusion
of patients with locally advanced T4 cancer. Metastatic
or even reactive nodes may alter the lymphatic drainage
pattern, thus making the SLNB unreliable. For the same
reason, patients who underwent prior surgical manipulation in the anal region should be excluded from the procedure[12,54,55].

PATIENT SELECTION AND FEATURES

RATIONALE AND IMPLICATIONS OF
SENTINEL LYMPH NODE MAPPING

Patients with histologically confirmed squamous cell
carcinoma of the anal canal were eligible for the SLNB
procedure. Previous reports have also included tumors
of the anal margin, which should be considered separately due to different clinical behavior. For the reasons
explained above, patients with clear or suspicious inguinal nodes were generally not enrolled[54].
From 2007 to 2012, 23 patients with proven squamous cell carcinoma of the anal canal and clinically
negative inguinal nodes were enrolled in the prospective
study. Pre-operative work-up included endoscopy and
biopsy, pelvic RMI, endoanal ultrasound, and abdominal
and lung CT scans. Tumor stage was classified as follows: T1, 3 pts; T2, 9 pts; T3, 7 pts; and T4, 4 pts.
In 2009, an inguinal sparing irradiation protocol was
started. Fifteen patients were observed and three patients
were excluded from the SLNB study for positive inguinal lymph nodes confirmed by cytology. Twelve patients
with clinically negative inguinal regions were enrolled.
After the SLNB procedure, patients with histologically
positive inguinal nodes were treated with combined chemotherapy using 5-fluorouracil/mitomycin-C, and the
standard radiotherapy field, including inguinal basins.
Patients with tumor-free nodes did not undergo inguinal
irradiation. Patients were then regularly followed-up every three months.

Because the standard treatment does not provide any
specimens for pathological evaluation, the effective node
status of these patients is not determined. Moreover, the
wide lymphatic drainage pattern that characterizes the
inguinal and the pelvic lymph node basin makes it difficult to predict synchronous and metachronous metastatic involvement[42]. Furthermore, it has been observed
that the size of the nodes is not a predictable parameter
for nodal involvement because 44% of positive inguinal
lymph nodes at pathological examination are smaller
than 5 mm[27]. Conversely, 50% of larger nodes appear
to be inflammatory[14]. Of note, in our previous case series, smaller lymph nodes (4-7 mm) were more likely to
harbor metastases than larger ones[43].
For these reasons, even more advanced imaging techniques, such as MRI, are not accurate in the detection of
metastatic lymph nodes[44]. PET has been used as an aid
to achieve better staging and it has been demonstrated to
detect up to 20% of metastases not diagnosed by clinical
or radiological examination[44]. Bannas et al[45] has demonstrated that PET/CT is superior to PET or CT alone
for staging anal cancer, particularly in identifying local
regional lymph node metastases. Recently, Mistrangelo
et al[46] demonstrated that sentinel lymph node biopsy
(SLNB) was superior to PET-CT for the staging of inguinal lymph nodes. In our experience, PET has a sensitivity of 33% and a specificity of 84%. Even though
sensitivity of SLNB of the anal canal has not been yet
addressed, the sensitivity of sentinel node biopsy detection in melanoma is reported to be up to 99%[47-49].
These findings advocate the need to find a more
reliable technique to identify positive nodes. Currently,
histological evaluation is the gold standard to assess
the presence of metastases in lymph nodes. Standard
surgical node dissection for suspicious inguinal nodes
has been proposed[50,51]. However, this approach is also
fraught with side effects[52,53]. In addition, elective inguinal dissection for clinically suspicious nodal involvement
revealed metastasis only in 50% of cases at histology[14].
In this scenario, SLNB could help to accurately iden-
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DESCRIPTION OF TECHNIQUES
Many authors have reported a standardized technique to
isolate and retrieve sentinel lymph nodes for metastatic
assessment[12,28,54-64]. The first procedural step was a lymphoscintigraphy to evaluate the main lymphatic drainage
and the first node in which the tracer is captured. The
radiotracer (0.2 mL 99mTC nanocolloid) injection was
performed submucosally, directly around the anal lesion
in the four cardinal points with the aid of an anoscope.
As the injection can be painful, a needle-free injection
system[56] could also be utilized to minimize patient discomfort. After injection, planar anterior and posterior
images were taken with a Philips gamma camera, as
previously described[43], to localize the sentinel lymph
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general or local regional anesthesia. During surgery, a
hand-held gamma detection probe was used to identify
the radioactive lymph node (NEOPROBE Neo2000
Gamma Detection System). A small incision was made
under radio probe guidance and over the marked skin.
The sentinel lymph node was retrieved by visualization
through the blue dye and radio detection by the handheld gamma probe. During radio-navigation the gamma
probe was directed away from the anus to avoid signal
detection from the primary site of injection[28]. Significant radio-colloid capture, compared to lymphatic basin,
should be in a ratio of 5:1. After nodal excision, the surgical site was explored by the gamma probe to identify
accessory nodes.
The isolated lymph node was sent for pathological
examination and metastatic assessment. Hematoxylin
and eosin (HE) staining was used to assess the presence of malignancy. Other reports have suggested using
immunohistochemistry with pan-cytokeratin antibody
markers for cases of negative HE[28,54,56]. In our study,
the specimen was examined using a particularly accurate technique. Briefly, sentinel lymph nodes were stepsectioned into 50-micron slices and serial sections of
three microns thick were cut at each level. This number
of sections provided good accuracy without having to
resort to the more costly immunohistochemical analysis.
Among the other related reports, only Gretschel et al[54]
have found micro-metastases or isolated tumor cells in
lymph nodes examined after a negative HE.
Common complications related to lymph node mapping include wound infection, hematoma, and lymphorrea from lymphatic fistula with subsequent seroma in the
surgical site. Post-procedural side effects are easily managed and rarely require reintervention.

Figure 3 Lymphoscintigraphy of a sentinel lymph node in anal carcinoma.
Anterior view showing injection site (blue arrow) and sentinel lymph node (red
arrow).

node. Typical drainage patterns displayed radiotracer
accumulation in the inguinal area or in the iliac internal
lymph node system (Figure 3). If the accumulation was
observed in the perirectal or external iliac lymph nodes,
then patients did not undergo the sentinel lymph node
procedure. Only patients showing radio accumulation in
the inguinal area were enrolled for sentinel node surgical
retrieval, and the overlying skin was marked by a waterproof pen. Marking the skin assisted in the intraoperative identification of the nodes and minimized surgical
incision.
There was no consensus about the time gap between
injection, lymphoscintigraphy acquisition, and surgery.
Clearance of radioactive colloids by lymphatic drainage
is related to the particle size; small particles are cleared
first and large particles later[65]. Moreover, tracers with
small particle size are washed out from true sentinel
nodes and move to other nodes[66]. Therefore, a shorter
period between injection and surgery is recommended
with smaller particles. In our experience, 99mTCnanocolloid with particles between 80 and 150 nm were
employed. By virtue of their delayed wash-out, surgery
could be performed even the day after injection. A delay of 12 to 16 h between injection and surgery allowed
good intraoperative radio-localization with minimal interference by primary tumor radioactivity.
During surgery a second vital tracer, blue patent,
was injected around the site of the anal tumor. In other
reports, nearly all groups have used blue dye as a second
vital tracer. The addition of intraoperative dye aids in the
intraoperative search[67] and tends to result in higher rates
of lymph node detection. There are no data regarding
the usefulness of dye with SLNB in anal cancer; however, the importance of dual mapping to reduce false
negative results has recently been demonstrated in breast
cancer[68]. When accumulation was shown at lymphoscintigraphy on both groin regions, inguinal dissection was
made bilaterally.
Local anesthesia was routinely employed in our institute, although the procedure can be performed under
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RESULTS OF SENTINEL LYMPH NODE
ASSESSMENT
Since the first report published by Keshtgar et al[56] in 2000,
several reports have demonstrated the feasibility and effectiveness of the SLNB procedure in anal cancer[43,54,57-63,69,70].
The technical aspects and results of the published studies
are shown in Table 1. In these studies, patients with T1-T4
anal tumors with clinical or imaging negative inguinal
nodes were enrolled. Lymphoscintigraphy accuracy was
generally high, rating 90% to 100% in examined reports,
and inguinal capture, as explained above, depended on the
localization of the primary tumor. Surgical gamma probe
detection was nearly 100%[43,54,57-63,65,69,70]. Almost all groups
suggested the double tracer technique to better visualize
the sentinel lymph node intraoperatively. Metastatic node
rate, among the sentinel nodes, varied between 0% and
33%; however, the case series were very heterogeneous
and included advanced tumors (T stage ranging from T1
to T4) even though the majority of patients were clinically node-negative.
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Table 1 Technical aspects and results of the published case series
Ref.

Year T stage

Groin
clinical

Tot N
cases

Keshtgar et al[56]
Perera et al[58]
Péley et al[57]
Rabbit et al[69]
Bobin et al[62]
Ulmer et al[60]
Gretschel et al[54]

2000
2002
2002
2002
2003
2004
2008

Mistrangelo et al[64]

Damin et al[55]
de Jong et al[70]
De Nardi et al[43]

Inguinal detection
rate (%)

Double
tracer

NA
T1-T2
NA
NA
NA
T2-T4
T1-T4

Negative
1/12
1/8
Negative
Negative
Negative
Negative

1
12
8
4
33
17
40

1/1
8/12 (66)
8/8 (100)
3/4 (75)
33/33 (100)
13/17 (76)
20/40 (50)

Yes
Yes
Yes
Yes
Yes
Yes
Yes

2009

T1-T4

NA

35

35/35 (100)

No

2010
2010
2011

T1-T3
T1-T3
T1-T3

Negative
4/21
Negative

15
21
11

15/15 (100)
21/21 (100)
9/11 (81)

Yes
Yes
Yes

N positive
(%)

Complication

1/1
NA
2/18 (11)
NA
2/8 (25)
No complication
0/3 (0)
NA
7/33 (21.2)
NA
5/12 (41.6) Lymphatic fistula (1 pt)
6/20 (30) Wound infection (2 pts),
lymphatic fistula (1 pt),
hematoma (1 pt)
7/35 (20)
Lymphatic fistula
(18 pts), lower limb
lymphedema (1 pt)
4/15 (26.6) Lymphatic fistula (1 pt)
7/21 (33)
NA
3/9 (33)
Lymphatic fistula (1 pt)

Bilateral
Surgical
detection retrieval rate
0/1
0/8
5/8
2/3
NA
4/13
NA

1/1
8/8
8/8
3/3
33/33
12/12
20/20

22/35

34/35

13/15
14/21
2/11

15/15
21/21
9/9

NA: Not applicable.

Clinically positive
inguinal node

Histologically proven
Squamous cell anal
carcinoma

Inguinal radiation therapy

No capture or internal
iliac chain capture

Clinically negative
inguinal node

Lymphoscintigraphy
Positive sentinel
inguinal node
Monolateral or bilateral
inguinal capture

SLNB
Negative sentinel
inguinal node

Inguinal sparing
radiation therapy
+ close clinical
follow-up

Figure 4 Diagnostic-therapeutic algorithm for squamous cell anal carcinoma. SLNB: Sentinel lymph node biopsy.

Among 23 patients, 19 with inguinal capture at lymphoscintigraphy underwent the SLNB procedure. Inguinal dissection was made bilaterally in two patients where
accumulation was shown at lymphoscintigraphy on both
groin regions. Sentinel lymph node retrieval by gamma
probe was possible in all patients. Histological examination of nodes showed the presence of metastases in five
patients (26%).
Among the 12 patients enrolled in the inguinal sparing radiation protocol with a clinically negative inguinal
region, 10 patients had negative pathological SLN and
received an inguinal sparing irradiation. At a median follow-up of 20 mo, none of these patients had developed
inguinal metastases.
Gretschel et al[54] reported that inguinal lymph node
assessment was able to change the treatment plan recommended by national guidelines in 50% of patients. In
the group of patients with inguinal sparing irradiation,
inguinal recurrence was found in two out of 20 patients:
one patient suffering from a T4 tumor, associated with
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disseminated disease, and one patient with T1 tumor
that was previously treated by local excision. Mistrangelo et al[28] did not observe isolated inguinal recurrence in
28 node-negative patients at a median follow-up of 22
mo.
De Jong et al[70] reported that SNLB provided alteration of treatment in at least 11 of 21 patients. However,
inguinal recurrence within 12 to 24 mo was observed
in two out of 14 node-negative patients undergoing
node-sparing irradiation. Figure 4 demonstrates a simple
diagnostic-therapeutic algorithm to identify patients eligible for the SLNB procedure to individualize irradiation
treatment based on inguinal node status.

CONCLUSION
In spite of the low incidence of anal canal carcinoma,
noticeable advances have been achieved in the past 30
years in understanding its etiology, biological behavior
and therapy, with the current therapeutic approach be-
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ing primary radio-chemotherapy. The identification of
lymph nodes metastases, especially in the inguinal area, is
still the main issue that needs to be addressed.
The low incidence of metachronous metastases and
the considerable side effects after inguinal node dissection and radiotherapy do not justify a prophylactic treatment[71]. A refined staging system with precise identification of disease extent could allow individualized therapy,
ensuring the accurate coverage of disease while sparing
disease-free organs.
In this context, SLNB, as a minimally invasive procedure, may improve disease staging and may be useful
to select patients for inguinal radiation. Feasibility and
efficacy of SLNB has been addressed by several reports
and the clinical utility of this procedure in changing the
therapeutic plan has also been outlined. However, further larger prospective studies are needed to confirm the
clinical impact of this procedure. Continuous and stringent long-term follow-up is necessary to estimate the
outcome in node-negative patients who did not undergo
groin irradiation.
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INTRODUCTION
The small intestinal mucosa is adaptable but essential for
survival. It has diverse biological roles including nutrient
absorption, barrier function, injury response, and immunologic reservoir (Figure 1). Congenital or acquired
diseases or medical and surgical interventions can alter
intestinal mucosal mass and/or function with profound
consequences to which the gut must adapt. The clinical
challenges to gut adaptation include massive bowel resection, intestinal atresia, fasting, prolonged ileus, bariatric
surgery, and total parenteral nutrition (TPN). The biology that regulates such adaptation represents a critical
new frontier for gastroenterology and gastrointestinal
(GI) surgery if outcomes are to be improved. This review discusses intestinal mucosal atrophy, hypertrophy,
and barrier function, and how they may be influenced.
We will begin this review by considering what is known
about intestinal mucosal development, as this offers useful parallels to the intestinal mucosal response to pathology. Next, we will explore the biologic phenomena of
mucosal atrophy and hypertrophy in more depth. Third,
we will discuss the clinical syndrome of intestinal failure
in more depth, and consider how our understanding of
the biology of intestinal adaptation may guide therapeutic interventions. Finally we will discuss new frontiers in
mucosal adaptation, focusing particularly on intersections
with GI surgery, including both pro-absorptive procedures like intestinal lengthening procedures and anti-

Abstract
Mucosal adaptation is an essential process in gut homeostasis. The intestinal mucosa adapts to a range of
pathological conditions including starvation, short-gut
syndrome, obesity, and bariatric surgery. Broadly, these
adaptive functions can be grouped into proliferation
and differentiation. These are influenced by diverse
interactions with hormonal, immune, dietary, nervous,
and mechanical stimuli. It seems likely that clinical outcomes can be improved by manipulating the physiology of adaptation. This review will summarize current
understanding of the basic science surrounding adaptation, delineate the wide range of potential targets for
therapeutic intervention, and discuss how these might
be incorporated into an overall treatment plan. Deeper
insight into the physiologic basis of adaptation will
identify further targets for intervention to improve clinical outcomes.
© 2012 Baishideng. All rights reserved.
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absorptive procedures like bariatric surgery, and on some
lessons that may be learned in the future from recent scientific advances. Many potential approaches are available
for facilitating absorption and mucosal homeostasis, but
their optimal application may require a better understanding of the biology that regulates these processes.

Digestion

Proliferation
Gut Mucosal
Function

NATURAL MUCOSAL DEVELOPMENT
AND GROWTH

Differentiation

Morphogenesis and cell proliferation
Enterocytes are columnar cells with microvilli at their apices that form the intestinal brush border. The microvilli
are covered by a glycocalyx coat that acts as a physical
barrier and contains brush border enzymes. Enterocytes
are joined by tight junctions to form a relatively impermeable membrane[1,2].
The small intestinal mucosa is folded to increase its
surface area[1,2]. Submucosal folding forms plicae circularis
that each include many crypt-villus units. Villi are mucosal surface modifications, finger-like extensions of lining epithelium formed by projections of lamina propria
covered with epithelium. Each villus extends into lamina
propria as an intestinal gland or crypt of Lieberkuhn[1,2].
Crypts have stem cells, paneth cells and enteroendocrine
cells. Stem cells proliferate at the crypt base.
Mucosal growth and development are regulated by
hormonal, nervous, immune, dietary and mechanical
signals[3]. The small bowel mucosa ultimately develops
in stereotypic crypt-villus units containing absorptive,
secretory, progenitor and stem cells[4]. Intestinal stem
cells maintained throughout life in the crypts give rise to
progenitor cells that undergo a few cell divisions as they
move out of the crypts toward the villi before final differentiation[5,6]. Small bowel ontogeny proceeds in three
successive phases: morphogenesis and proliferation, cell
differentiation, and functional maturation[7].
The field is beginning to identify molecular mechanisms that influence intestinal development[8]. For instance, homeobox (hox) genes are early regulators of
proximal to distal organ-specific patterning[9]. Mucosal
remodeling and villus formation precedes in a cranialcaudal direction[10]. A primitive endodermal gut tube surrounded by mesenchyme forms early in gestation[3]. Later,
the endoderm transitions to stratified epithelium which
ultimately matures to columnar epithelium starting at the
apices of the developing villi. The intervillus epithelium
differentiates last, and mitotic activity is restricted to intervillus regions and developing crypts by 16 wk[8,11]. This
correlates with Wnt/β-catenin pathway activity that appears necessary for stem cell maintenance in fetuses and
adults[12]. Fibroblast growth factor receptor (FGFR)-3
signaling regulates crypt epithelial stem cell expansion
and crypt morphogenesis via β-catenin/Tcf-4 pathways[6].
Intestinal villus formation begins at embryonic week
8 in humans[8]. Influenced by Hedgehog and plateletderived growth factor (PDGF) signals, mesenchymal cells
condense under the epithelium and then grow toward
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Figure 1 Diversity of gut mucosal function.

the central lumen to form characteristic fingerlike inward
projections-the villi[4,8,13,14]. With increasing age, villus
epithelial turn-over, crypt depth, and villus height each
increase[8,15].
Differentiation
Proliferation occurs in the crypts but differentiation occurs as cells migrate up the villus. Thus, differentiated
cells populate the villi[6]. Each villus contains epithelium
from the adjacent crypts[16]. Crypt formation occurs by
differential growth of mesenchyme and the crypt-villus
junction moves upwards towards lumen[17]. Crypt-base
columnar cells are multipotent cells that differentiate into
absorptive enterocytes and secretory mucous secreting
goblet cells, entero-endocrine cells and paneth cells[18].
Notch pathways decide differentiation into absorptive vs
secretory cells[19-21]. Crypt stem cells become monoclonal
during development[22]. Critical functional differentiation into distinct apical, lateral and basal cells occurs.
Apical cells express digestive enzymes and transporters,
while lateral cells chiefly express transporters, and basal
cells carry receptors for interaction with basement membrane[8]. The brush border complex formed by villin and
myosin I appears at the apical surface of mature enterocytes[23,24].
Intestinal growth and differentiation are regulated
by an intrinsic program; extrinsic mediators play secondary roles[25,26]. N-myc is an important regulator of
proliferation[27]. Growth factors like epidermal growth
factor (EGF), transforming growth factor (TGF)-α, and
TGF-β, insulin-like growth factor (IGF)-2, hepatocyte
growth factor (HGF), glucagon like peptide (GLP)-2
and their receptors have been detected in fetal human
intestine and likely influence intestinal development[28].
Luminal and circulating factors are not necessary for
fetal intestinal differentiation but may affect growth and
maturation[26,29-31]. Three known triggers are weaning, thyroxine and glucocorticoids[3]. Regarding intrinsic regulation, it is thought that endoderm has an intrinsic program
of regionalization of small intestine and it recruits other
cells to complete the formation[32,33]. Hepatic nuclear fac-
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tor (HNF)-3β, Cdx-1, Cdx-2, GATA transcription factor
family and transcription factor CCAAT/enhancer-binding protein α are suggested to have important roles in intestinal development[8]. Specific regulatory regions of the
fatty acid-binding protein (FABP) genes are responsible
for appropriate temporal, crypt/villus and proximal/distal expression of genes[34]. Reciprocal permissive and instructive epithelial-mesenchymal interactions and signals
direct organ-specific differentiation[35]. Endoderm can
recruit mesenchymal elements[33]. Sonic hedgehog, bmp,
Fkh6, H1x homeobox gene, tyrosine kinase receptors
and fibroblast growth factors mediate intestinal growth
by epithelial-mesenchymal interaction and direct regional
patterning of the gut[35-40]. The extracellular matrix influences epithelial differentiation by receptor-mediated signaling[41] and by acting as reservoir for growth factors[42].
The matrix also drives the enterocyte response to growth
factors and physical forces[43,44]. Matrix has a permissive
effect on epithelial cells and is required for maximal differentiation[45].

MUCOSAL ATROPHY
Mucosal atrophy is characterized by diminished intestinal function as well as morphological changes including
decreased villous height, crypt depth, surface area, and
epithelial cell numbers[66]. Atrophy is most common in
the absence of enteral nutrition, and is a known longterm consequence of starvation, an effect likely reduced
with age[67]. Animal studies suggest incremental relief of
atrophy with progressively greater intake, and that morphologic atrophy is most evident at the villous tip[68].
Atrophy occurs even if adequate parenteral nutrition
is provided. Animal studies first demonstrated the physiology of atrophy during TPN[69], with atrophy of the
proximal small intestinal mucosa with decreased intestinal weight and nitrogen content[69]. Absence of luminal
contents due to either starvation or TPN similarly causes
mucosal hypoplasia in rodents, mediated at least in part
by an altered tumor necrosis factor (TNF)-α/EGF signaling pathway[70]. Additionally, rats receiving TPN have
fewer Peyer’s patches and less total T cells than rats fed
enterally, demonstrating an attenuating effect on the gutassociated lymphoid tissue[71]. Animal studies also demonstrate that TPN evokes enterocyte apoptosis via intraepithelial lymphocyte derived interferon-gamma, resulting in
a loss of the overall barrier function[72]. Barrier function
is further altered by TPN stimulation of ion secretion, an
effect upon intestinal permeability further altered by interferon-gamma[72]. The effect of TPN on immunologic
function (including that in the gut) may have profound
clinical consequences. For instance, infectious complications were doubled in pancreaticoduodenectomy patients
receiving TPN rather than jejunal feeding[73].
That the effects of fasting and TPN on the gut
mucosa are not just from the TPN has been shown in
animals. For instance, when a segment of rat jejunum is
defunctionalized by a blind end Roux-en-y anastomosis
and the rat is allowed to eat freely, the defunctionalized
mucosa undergoes morphologic and biochemical atrophy,
while the remainder of the gut mucosa remains intact[74].
This suggests that direct interaction with luminal chyme
is required to sustain the mucosa. Indeed, the effects of
the absence of enteral feeding may reflect not only the
loss of luminal nutrients themselves, but also aberrations
in the physical forces to which the mucosa is subjected
during gut interactions with luminal chyme, either directly
by peristaltic compression against the non-compressible
liquid contents of the bowel or indirectly by villus motility[75-77]. It has long been known that luminal contents and
distension influence postprandial intestinal motor activity[78] that leads to deformation of the bowel mucosa. In
addition, villus motility is markedly stimulated by luminal
amino acids and fatty acids (but not glucose)[79].
At the cellular level, atrophic loss of mucosal mass
may reflect both decreased proliferation and increased
apoptosis. EGF family cytokines are potent mitogens,
but there are others, including GLP-2, while TNF-α and
others mediate apoptosis. We found mostly decreased

Functional development
Brush border membrane enzymes and brush border
transport proteins represent the most important functional differentiation of small intestine. These enzymes
provide digestive and absorptive functionality for carbohydrates, proteins, fats, minerals and vitamins. Brush
border enzymes appear by week eight. Different disaccharidases, alkaline phosphatases, peptidases, and enterokinases mature at different rates in development[46-48].
Lactase-phlorizin hydrolase (LPH) cleaves lactose into
glucose and galactose. Studies of LPH development suggest a proximal to distal gradient in functional maturation
of the intestinal epithelium[46]. Although the human fetus
expresses some enzymes and peptidases at levels similar
to adults, many of these enzymes have different forms in
the fetus[49-52]. Various transporters for sugar and amino
acids appear during gestation in parallel with crypt and
villus development[53,54]. Fetal intestine also starts developing the capacity to secrete lipoprotein fractions, chylomicrons, very-low-density lipoproteins and high-density
lipoproteins[55,56]. Absorptive function is partially detectable at 26 wk[57].
The intestinal barrier exhibits immune and non-im
mune protective mechanisms. Although various mucosal
defense systems appear early in gestation, immune function remains immature at birth[58-64]. Tight junctions between enterocytes and goblet cell mucins form a physical
barrier by 12 wk[65].
In summary, the basal differentiation program in en
coded in fetal endoderm and mediates spatial and craniocaudal differentiation of intestinal epithelium via a complex intercellular communication network. Epithelialmesenchymal interaction yields a specialized regional
environment that influences gene expression and regulates
the growth and differentiation of the intestinal mucosa
into crypt-villus units.
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Table 1 Reported regulators of intestinal mucosal adaptation
Cytokines

Intracellular transducers of physical force effects

Nutrients

Stimuli

Ref.

Stimuli

Ref.

Stimuli

Ref.

PDGF-α
HGF
Transforming GF-β
IGF-1
VEGF
EGF
GLP-2

Sukhotnik et al[86]
Katz et al
Sukhotnik et al[151]
Lund et al[92]
Parvadia et al
Warner et al[90]
Bortvedt et al[93]

FAK-Tyr 925
Integrin-linked Kinase
RhoA
ROCK
mDial
-

Chaturvedi et al[225]
Yuan et al[243]
Chaturvedi et al[244]
Chaturvedi et al[244]
Chaturvedi et al[244]
-

L-arginine
Glutamine
Ornithine
Butyrate
Short-chain fructooligosaccharide
-

Koppelmann et al[88]
Lardy et al[252]
Lardy et al[252]
Bartholome et al[161]
Barnes et al[163]
-

PDGF: Platelet derived growth factor; HGF: Hepatocyte growth factor; EGF: Epidermal growth factor; IGF-1: Insulin-like growth factor-1; GH: Growth hormone;
GLP-2: Glucagon-like peptide-2; ROCK: Rho-associated kinases; mDia: The formin homology protein mDia1; VEGF: Vascular endothelial growth factor.

ences[92,93]. Within enterocytes, intestinal resection invokes
novel signals such as proline-rich protein 2 during wound
healing[94], glutathione reductase during intestinal apoptosis[95], and basic Kruppel-like factor to activate the IGF-1
promoter[96].
The anatomic location of the bowel mucosa has an
important relationship with adaptive biology. The small
and large intestinal mucosa demonstrate many differences
in histology, cell phenotype, and transport proteins that
reflect their differences in normal function. In addition,
the small and large intestinal mucosa respond differently
to stimuli of malignant transformation. For example, the
APC (Min) mouse is a dominant mutation that leads to
multiple intestinal neoplasia[97]. Crypt cells express a balance of proliferation and differentiation, a process with
aberrant regulation in these mutants. In mouse models
with this mutation, small bowel neoplasms are much
more common than colonic neoplasms, in contrast to the
human condition in which colonic neoplasms are more
common[98]. The reason for this regional difference is as
yet unknown but further investigation may offer important clues into differentiated intestinal epithelial biology.
Finally, the role of nutrition in adaptation is not yet
fully explained. Glutamine has been most studied[99] (Table
1). There may also be differences between the signals that
stimulate the increase in mucosal mass and the signals that
augment mucosal functionality during adaptation. Adaptation includes proliferation, augmentation of function and
changes in intestinal epithelial phenotype (Figure 2).

proliferation in defunctionalized rat intestine, perhaps because the incidence of apoptosis is too low to be readily
measurable[74], except in chemotherapy-induced mucosal
injury[80]. Fasting leads to jejunal mucosal atrophy with
enhanced apoptosis in a mechanism related to increased
nitric oxide[81]. Feng et al[70] recently explored the interaction between growth factor-stimulated proliferation and
cytokine-driven apoptosis in a murine TPN model. BCl-2
expression acts on mitochondria to prevent cytochrome
C release, and caspase 3 directed cell death. Bax in contrast, acts on mitochondria to cause caspase 3 release,
leading to programmed cell death. The ratio between
these determines overall cell survival[82,83]. Enterocytic
differentiation is also impaired in mucosal atrophy, with
decreased expression of brush border enzymes and
other differentiation markers[74,84,85], but the mechanism
by which this occurs is much less well understood. While
translational science strives to find better mitogens to
promote enterocytic proliferation, how to promote enterocytic differentiation in patients or animals with mucosal atrophy may represent an important question for basic
science in the future.

MUCOSAL ADAPTATION
Mucosal adaptation in many ways opposes atrophy,
although that there may be subtle but important differences in the stimuli that prevent atrophy and maintain
normal mucosal mass and those that induce adaptation.
Teleologically, adaptation may be the attempt of the
intestine to compensate for intestinal inadequacy. It has
been best described after massive small bowel resection[86,87]. However, exogenously induced adaptation may
reverse chemotherapeutically induced atrophy. For example, profound intestinal injury by methotrexate may be
mitigated by supplementation with L-arginine or n-3 fatty
acids[88,89].
Acute absence of nutrition alone cannot trigger full
adaptation or fasting would cause intestinal hypertrophy
rather than atrophy. The stimuli contributing to adaptation are diverse. Many cytokines facilitate adaptation,
including PDGF-α, HGF, and interleukin (IL)-11[86,90,91].
As detailed later, hormones such as IGF-1 and growth
hormone (GH) appear to exert strong adaptive influ-
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Proliferation
Proliferation is one mechanism of adaptation. Proliferation increases villus height, crypt depth, surface area, and
intestinal wet weight[100]. The length of intestine resected
correlates with the subsequent change in villus height in
humans[101]. The site of resection also influences adaptation[102], with a notable increase in jejunal hyperplasia, and
to some degree ileal hypertrophy. Animal studies also
suggest increased intestinal stem cells after resection;
these may contribute to increased crypt formation[103].
Growth factors and nutritional supplementation stimulate
intestinal epithelial proliferation and turnover.
The intestine also adapts from a functional standpoint. Proliferation increases overall function just by
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Table 2 Cellular factors involved in enterocyte differentiation
during adaptation

A

Cellular factors
Wnt/β-catenin
Notch
Hedgehog
PI3K
HNF1 α/β
GATA
ETS
Cdx2
FGF4
NEUROG3
Schlafen-3
Math1

B

C

D
Proliferation

Differentiation

PI3K: Phosphoinositide 3-kinase; FGF: Fibroblast growth factor; HNF:
Hepatocyte nuclear factor.

Figure 2 Initial enterocytic stem cell proliferation is supplemented by
differentiation to produce the four main intestinal epithelial phenotypes:
absorptive enterocytes (A), enteroendocrine cells (B), mucin-secreting
cells (C), and Paneth cells (D).

GATA factors, ETS, and Cdx1/2, alone or in combination[116-120]. For instance, the combination of HNF1α,
GATA4-6 and Cdx2 regulates sucrase isomaltase transcription [116] but in differentiated mouse epithelium;
HNF4α regulates expression of genes upregulated during
differentiation such as alkaline phosphatase[121]. GATA
transcription factors are required for crypt cell proliferation and absorptive enterocyte gene expression[119].
HNF3β is expressed in small intestine and has critical
role in foregut and midgut formation[122-124]. Finally, Cdx2,
which is restricted to adult small intestine and colon[125], is
necessary for maintenance of intestinal identity and differentiation of the small intestine epithelium (Table 2)[126].
A recent landmark study demonstrated the guidance
of human pluripotent stem cells into intestinal tissue[127].
This study demonstrated that the activity of Wnt3a and
FGF4 was adequate for hindgut patterning, specification
and morphogenesis, with NEUROG3 transcription factor required for enteroendocrine cell development in vitro.
Similarly, embryonic stem cells have been committed
to intestine lineage in medium treated with Wnt3A, in a
process that interestingly enough simulated the genes associated with distal gut-associated mesoderm (Foxf2, hlx,
Hoxd8)[128]. This process was successful in that it allowed
engraftment of these cells into murine colonic mucosa.

creating more cells that can contribute to amino acid,
glucose, and electrolyte uptake. Increased absorption via
the H+/peptide co-transporter 1 after intestinal resection occurs because of hyperplasia and not upregulation
of transporters[104]. Improved glucose uptake after massive small bowel resection is similarly driven by cellular
proliferation rather than massive transporter upregulation[105]. In addition, we can see increase in Na+/glucose
transporter (Sglt1), Na+/H+ exchangers (NHE2/3), and
some brush border membrane enzymes[106].
Augmentation of intestinal mucosal function
Although most work has focused on enterocytes, adaptation also increases non-enterocytic mucosal epithelial
cells. Goblet and paneth cells exhibit an early and sustained increase after bowel resection; these secretory
cells may contribute to juxtacrine signaling that further
stimulates intestinal adaptation[107]. Finally, the role of
angiogenesis has been relatively understudied in mucosal
adaptation. Bowel resection in rats induces angiogenesis
within the adapting intestinal villi[108]. This may facilitate
absorption, protect mucosal integrity and barrier function, and increase nutrients and oxygen delivery to the
more rapidly proliferating mucosa.

CLINICAL SETTINGS IN WHICH
MUCOSAL ADAPTATION IS IMPORTANT

Cellular differentiation
To maintain and control epithelial cell homeostasis,
proliferation and differentiation are transcriptionally
regulated in a sequential and spatially defined manner[109].
The signals that control intestinal development also influence intestinal homeostasis. These include the canonical
Wnt/β-catenin pathway[110], Notch[111], Hedgehog[112], the
TGF-β family including bone morphometric proteins
(BMP)[113], PI-3K[114] and Forkhead Box (FOX) and homeobox (HOX) genes[115]. These pathways use various
transcription factors including HNF1 α / β , HNF4 α ,

WJG|www.wjgnet.com

Atrophy in starvation, fasting or TPN
Intestinal failure occurs when the absorptive surface
area falls below a critical level, either because of loss of
bowel length or mucosal atrophy with severely flattened
epithelium. Intestinal failure presents with diarrhea, dehydration, malabsorption, progressive malnutrition, and
electrolyte disturbance[129].
TPN administration in starving animals or humans
does not abrogate the atrophy observed in starvation
alone. In addition, TPN may itself impair mucosal barrier function[130] beyond the effects of starvation on the
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epithelium. In adult trauma patients, this loss of barrier
function may significantly increase sepsis[131]. Trauma
patients receiving enteral nutrition have fewer pneumonias, intra-abdominal abscesses, and line sepsis and
less infections overall compared to patients on TPN[131].
TPN-associated loss of epithelial barrier function may
be related to altered mucosal lymphoid populations with
increased interferon gamma and interleukin-10 expression, as well as loss of tight junctions and adherens junction proteins[72]. Prolonged starvation, as in chronic TPN,
pancreatitis, or other medical conditions, can lead to
intestinal failure via mucosal atrophy. Indeed, poor enteral
intake can cause pancreatitis and intestinal mucosal atrophy[132] which in turn increases enterocyte apoptosis and
alters glutamine and arginine transport[133,134]. Atrophy in
turn creates a propensity for bacterial translocation and
sepsis[135].

addition, the colon may both absorb water and salvage
energy in such patients, perhaps mitigating the need for
parenteral nutrition if the small bowel is marginally adequate[140].
Whether as a bridge to enteral nutrition or as permanent maintenance, TPN is lifesaving in patients who
cannot be nourished enterally. However, TPN has significant complications. TPN itself results in mucosal
atrophy, impaired mucosal immunity with a proclivity
towards intestinal infections, and dysfunction of the gutassociated lymphoid tissue[141]. It is unclear to what extent
these phenomena reflect the lack of enteral feeding and
to what extent they are consequences of the infusion of
large quantities of hyperosmotic or hyperlipidemic nutrients into the circulation. TPN is also associated with
chronic systemic problems including mechanical complications related to the catheter, recurrent infections, liver
failure, and death. Randomized, controlled trials have
demonstrated the benefits of enteral feeding over parenteral feeding for diverse conditions[142] with reductions
in infection, intraabdominal abscess, anastomotic leak,
hospital stay, and all other complications. Many enteral
nutrients are essential for intestinal adaptation in both
adult and pediatric populations[143,144]. In both acutely ill
hospitalized patients and chronic short gut patients at
home, some enteral nutrition is therefore desirable even
if parenteral supplementation is required. Such enteral
intake both maintains the mucosal barrier and supports
the patient psychologically. The central theme of modern
management is to provide the gut with at least some nutrients and consequent hormonal stimuli even if parenteral supplementation is required.
“Intestinal rehabilitation” for short bowel syndrome
uses chronic home TPN as a bridge to maintain patients
while seeking to adapt them to eventual enteral nutrition.
Intestinal rehabilitation is a multidisciplinary approach
aimed at achieving enteral autonomy, and keeping patients alive while still requiring TPN. Teams of GI and
transplant surgeons, gastroenterologists, dieticians, pharmacists, nurses, and social workers collaborate to offer
improved nutritional care and dietary manipulation, facilitated discussion about needs for surgical interventions,
and formal monitoring and manipulation of essential
medications including mucosal mitogens. This approach
may improve survival compared to historical controls,
although this could also reflect improved treatments over
time[145].

Short bowel syndrome
Massive small bowel resection can severely test the capacity of the remaining small bowel mucosa to adapt, resulting in short bowel syndrome, a devastating nutritional
problem. The most common causes of short bowel
syndrome in children include necrotizing enterocolitis,
intestinal atresia, and midgut volvulus[136,137]. In adults,
common causes include inflammatory bowel disease,
mesenteric ischemia, small bowel obstruction, and radiation enteritis. The loss of mucosal area associated with
short bowel syndrome causes substantial malabsorption,
with attendant diarrhea, abdominal pain, and weight loss,
electrolyte imbalance, and chronic malnutrition. Mucosal
adaptation in such patients is a slow and gradual process
that may require up to 1-2 years to reach maximum. The
simplest and earliest phases of adaptation involve enterocytic proliferation and villous hyperplasia, which may
manifest as a reduction in diarrhea and attendant fluid
and electrolyte loss. Nutritional adaptation that addresses
nutrient absorption and digestion sufficiently to permit
weaning from TPN is slower and requires greater complexity.
Current medical management of intestinal failure:
Intestinal failure is initially managed similarly whether
due to atrophy or short gut. TPN supplies nutritional
requirements while ways to transition to enteral feeding
are sought. This is usually successful in mucosal atrophy,
although it may be prolonged and difficult in some patients. Such transitions are less frequently successful in
the short gut patient. The primary predictor of survival
in adults with short gut is small bowel length. Eightythree percent of adults with less than 50 cm of intestine
require lifelong TPN; Twenty-five percent will die within
5 years[138]. In pediatric short gut patients, cholestasis
and age-adjusted small bowel length less than 10% of
expected length predict mortality; small bowel length
and an intact ileocecal valve predict successful weaning
from TPN[139]. The ileocecal valve slows transit through
the small bowel, facilitating absorption and digestion. In
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NUTRITION AND INTESTINAL
ADAPTATION
In rats with short bowel syndrome, early enteral feeding
affects not only cellular proliferation, but also overall gut
weight and length[146]. Even marginal nutrition at the apical or luminal surfaces may improve human intestinal epithelial cell growth, motility, and absorption capacity[147].
Overall, enteral feeding induces significant intestinal
adaptation. Further interest lies in trying to modify the
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nature of the diet.

strates that intravenous nutrition can interact with luminal
enterocytes, facilitating their function and altering their
structure to promote digestion. Indeed, parenteral butyrate alone increases plasma GLP-2 and directly promotes
GLUT2 activity[160,161]. Parenteral butyrate facilitates small
bowel adaptation in piglets after massive resection, improving small intestinal morphology and reducing apoptosis[161]. Butyrate also must act independently of GLUT2
since it promotes enterocytic differentiation in isolated
cells in culture[162]. Prebiotic supplementation with shortchain fructooligosaccharides may replace butyrate and
also promote jejunal adaptation[163].

Dietary fats
Dietary lipids encourage intestinal adaptation through
several mechanisms. At the simplest level, early feeding
of a fatty diet increases lipid absorption in the remnant
intestine[148]. Specific nutrients may be important. For
instance, arachidonic acid stimulates intestinal adaptation more than linoleic acid[149]. Rats on high-fat diet
demonstrate increased fat absorptive capacity compared
to rats eating standard chow[150]. However there is some
controversy about the role of enteral fatty acids. Other
evidence does not demonstrate improved adaptation
with enteral omega-3 fatty acids, but only with parenteral supplementation among rats[151]. Dietary fish oil
appears to increase fat absorption without a concurrent
increase in bile acid synthesis in rats following ileocecal
resection[152].
Dietary fat intake might also modify gene expression
and transport by altering the transcription and activation of signal proteins related to protein synthesis of
nutrient transporters, including activation of peroxisome
proliferator-activated receptors, HNF-4, and nuclear factor k-B[153]. Dietary fat may activate intracellular signals to
alter mRNA expression.
Diet also affects gut membrane permeability. Membrane fluidity is altered dramatically by the intrinsic fatty
acid saturation and also by cholesterol and ganglioside/
glycosphingolipid content, and can inhibit degradation of
gut occluding tight junctions in rats[154]. Specialized parts
of the membrane such as lipid rafts and caveolae affect
signaling and protein intake in a manner altered by fatty
acid intake[155].
Intestinal lipid transfer is relatively quickly influenced
by diet. Rats fed a high-fat diet for only seven days undergo intestinal adaptation, reflected in dramatic increases in
the expression of sterol regulatory element-binding protein (SREBP)-1c. The activation of SREBP-1 increases
its synthesis and translocation to the nucleus in intestinal
cells, altering lipid metabolism[156]. Further work is needed
to identify the signals that influence short term and long
term adaptation. This may have even morphological implications. Palmitic acid feeding increases rat bowel and
mucosal weight after massive small bowel resection after
only 14 d[157].

Dietary carbohydrates
Traditionally attention has been placed on optimizing
carbohydrate/fat/protein ratios to maximize nutrient delivery in short gut syndrome. However, enteral nutrients
also influence intestinal adaptation. For example, dietary
carbohydrate induces adaptation for monosaccharide
absorption by increasing the quantity of carbohydrate
transporters[164]. Dietary fiber may also be helpful in
modulating nutrient uptake. In TPN-nourished rats with
85% small bowel resection, supplementation with dietary
fiber along with GH synergistically enhanced intestinal
adaptation[165].
Dietary proteins
Increased enteral protein content leads to adaptive amino
acid uptake in the small bowel[166]. Glutamine is a conditionally essential amino acid is also the enterocyte’s
primary energy source[141]. Providing parenterally fed rats
with glutamine reduces mucosal atrophy[167], but this effect is less robust in enterally fed animals[165]. Glutamine
supplementation also enhances mucosal immunity in
rats with gut-derived sepsis[168]. However, animal results
have been mixed[169]. Some studies showed glutamine to
be effective only when combined with GH as discussed
below[165]. One small uncontrolled study did report that
glutamine promoted weaning from TPN, with increased
growth and improved nutritional factors [170]. Human
studies for the most part have not demonstrated much
efficacy[171,172]. A recent prospective, randomized human
study suggests that human GH may aid adaptation with
or without glutamine, but only the patients who received
GH along with glutamine maintained the reduction in
parenteral nutrition at 3 mo[173]. This points to the need
for multimodality therapy, and suggests caution with regard to glutamine supplementation alone.

Short-chain fatty acids
Interestingly, the colon also contributes to intestinal
adaptation in malabsorption. In carbohydrate salvage,
short-chain fatty acids (SCFA) produced by fermentation
by anaerobic colonic bacteria are absorbed by the colonic
mucosa, resulting in net energy absorption. These SCFA
consist primarily of acetate, propionate, and butyrate.
Luminal butyrate is the primary energy source of the
colonocyte, and SCFA are trophic for the colonic mucosa. Adding SCFA to TPN prevents small bowel mucosal
atrophy in fasting animals[158,159]. Adding butyrate to TPN
also improves lymphocyte numbers, small intestinal IgA
levels, and small intestinal surface area[159]. This demon-
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Retinoic acid
Adaptation may be facilitated by retinoic acid. Retinoic
acid administered intravenously has significant trophic effects in rats undergoing small bowel resection, apparently
by inhibiting apoptosis and stimulating crypt cell proliferation[174]. Retinoic acid may act via changes in extracellular
matrix[175], by acting on hedgehog signaling, by increasing
Reg1 and Pap1 activity, and by acting on retinoid and
peroxisome proliferators-activated receptor pathways.
Convincing human data are lacking.
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Polyamines
Polyamines can be either synthesized from ornithine or
ingested. Diet supplementation with ornithine α-keto
glutarate increases intestinal adaptation after intestinal
resection[176,177]. In one recent study, piglets with 80%
small bowel resection were randomized to either parenteral nutrition alone or parenteral nutrition plus enteral
feedings beginning on postoperative day 3[146]. The piglets with additional enteral feedings exhibited greater
weight per length of intestine, as well as increased cellular proliferation index and ornithine decarboxylase
activity. Response to enteral plus parenteral feedings was
greater than the group with sham operation as well. In
summary, with only a few days of enteral feeding piglets
could undergo exceptional adaptation to extensive surgical resection as marked by polyamine synthesis and crypt
cell proliferation. However, it remains unclear to what
extent the polyamine synthesis was the critical mechanism for the trophic effects of enteral feedings in this
study, and, as for retinoic acid, data suggesting that polyamine supplementation alone will be effective in humans
are lacking at this time.

mitogen. Experimental studies suggest that GH might
have several beneficial effects on adaptation[182], including increases in mucosal hyperplasia and absorptive
capacity[165,183], bowel growth, villus height, and crypt
depth[184,185], and even increased length within the remaining intestine after extensive small bowel resection[92]. In
humans, GH alone, or combined with high carbohydrate
diets and glutamine supplementation, may increase nutrient absorption[186]. In children dependent on TPN
for more than 50% of their nutritional needs, 12 wk of
GH decreased TPN requirements. However, only two
children (25%) were definitively weaned from TPN[187].
This suggests the need for multimodal interventions to
achieve clinically meaningful endpoints. Combining GH
with dietary modification and glutamine supplementation
may permit weaning from TPN in some patients[183], and
another prospective, double-blind randomized placebocontrolled trial demonstrated that a reduction in TPN use
can persist for three months if GH is combined with glutamine[173]. Four randomized, double-blind, placebo-controlled studies have asked whether GH supplementation
increases body weight in this setting[172,188-190]. These have
yielded mixed results, although a recent Cochrane review
found that glutamine overall increases weight, lean body
mass, energy absorption, and nitrogen absorption[191].
Reported side effects[172] include myalgia, gynecomastia,
insomnia, joint pain, and hyperglycemia. As of this writing, GH is the only FDA-approved agent to treat short
bowel syndrome in the United States, but it is certainly
not a panacea. To the extent to which GH is effective, it
is most likely to benefit patients with 70-100 cm of small
bowel remaining and without an intact colon. Side effects
are significant.

CURRENT AND EMERGING
PHARMACOTHERAPIES
Antibiotics
Enteral antibiotics are certainly effective in a very select
group of short bowel patients in whom small bowel bacterial overgrowth potentiates malabsorption[178,179]. The
inflammatory response to small bowel resection may also
be a potential target for intervention. In massively bowelresected rats with bowel segment reversal, oral antibiotics were associated with increased IGF-1and blunted
increases in white blood cell count, IL-6, and serum nitric
oxide. This demonstrated that antibiotics may attenuate
the inflammatory response[180]. However, more clinical
outcomes associated intervention with this have yet to be
assessed. This represents an important frontier for future
work, but should not justify indiscriminate antibiotic use
in patients without demonstrable bacterial overgrowth.

Glucagon-like peptide-2: Glucagon-like peptide-1
physiologically is a humoral mediator of intestinal adaptation, normally secreted in response to enteral stimulus,
especially by foods containing carbohydrates, fatty acids,
and fibers[192,193]. It is a 33 amino acid peptide derived
from proteolytic cleavage and modification of proglucagon in the pancreatic α-cells and intestinal L-cells[194].
GLP-2 production is most robust in the distal small
bowel and large intestine[195]. Effects of GLP-2 are specific to different regions of the bowel and appear to stimulate morphologic adaptation with increase in microvillus
height and overall surface area. This was demonstrated
in an animal model with 80% small bowel resection, using animals given TPN with or without GLP-2. After
only one week intestines were examined for morphology,
crypt cell proliferation, apoptosis, SGLT-1 expression and
GLUT-5 transport proteins. In addition to the expected
finding of morphologic adaptation, GLP-2 increased the
jejunal crypt apoptotic index without increasing transport
protein expression[196].
Teduglutide (ALX-0600), a dipeptidyl peptidase Ⅳ
(dpp-Ⅳ) resistant GLP-2analog, has been reported to
promote intestinal growth in short bowel patients, increas-

Stimulating cellular proliferation to enhance adaptation
Promoting enterocyte proliferation is an attractive strategy to treat short gut. Many agents have been promising
in vitro and in animals. We will review several below. As
of this writing, only GH and Teduglutide (outside the
United States) are in clinical use. It remains unclear how
substantial their effects are. In addition, the long term
risks of treating the gut mucosa with mitogens over decades are unknown.
GH
GH is an anabolic protein that initiates mitosis. It is
released by the anterior pituitary and may act through
IGF-1[181]. GH is perhaps the best studied short bowel
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EGF: EGF is a 53-amino acid peptide in saliva and pancreaticobiliary secretions. EGF stimulates crypt cell proliferation and suppresses apoptosis[207]. EGF administration at
the time of small bowel resection may facilitate intestinal
adaptation, ameliorating weight loss and apoptosis[208,209].
EGF functions intraluminally as small bowel resection in
animals increases salivary EGF without increasing plasma
EGF, and either removal of salivary glands[209,210] or selective oral inhibition of the EGF receptor[106] attenuates
adaptation after small bowel resection. The EGF receptor is regulated at the level of ligand expression during
intestinal epithelial differentiation[211].

Table 3 Potential pharmacotherapy targets for intestinal
failure
Dose mg/kg per d
Growth
hormone
EGF
GLP-2

0.1

NA1
0.1

Side effects

Structure

Fluid retention, 191-amino
joint pain,
acid protein
hyperglycemia
NA
53-amino acid
peptide
Abdominal
dpp-Ⅳ
pain/
resistant
obstructive
33-amino acid
symptoms
peptide

Approval
FDA

Not available
commercially
Phase Ⅲ
clinical trials
available in
Europe

1

Dose not specified for human use. FDA: Food and Drug Administration;
GLP-2: Glucagon-like peptide-2; EGF: Epidermal growth factor; dpp-Ⅳ:
Dipeptidyl peptidase Ⅳ; NA: Not available.

Other hormones of potential interest
Leptin has been studied most regarding appetite and the
obesity physiology. It is also a potential target to manipulate adaptation. Parenteral leptin may stimulate structural
adaptation in short bowel rats by increasing cell proliferation and decreasing apoptosis. Leptin also increases
GLUT-5 levels[212,213].
Bombesin is also being explored as a therapeutic target of interest. In rats, subcutaneous exposure to bombesin for 2 wk after massive small bowel resection enhanced
enterocyte turnover with increased ileal transmural and
mucosal weight, DNA and protein, villus height, crypt
depth, and proliferation index. These rats also demonstrated increased ileal Bax and Bcl-2 and decreased apoptosis[214].
Ghrelin is secreted in the stomach and other tissues
and influences food intake and nutrition. Plasma ghrelin
is decreased in short bowel syndrome[215]. These changes
are unrelated to hyperphagia. It is not yet known whether
this decreased ghrelin is only reactive or has an adaptive
function[216].

ing small intestinal villus height, crypt depth, and mitotic
index and improving absorption over three weeks[197]. 11
short bowel syndrome patients with Crohn’s disease taking Teguglutide over 2 years demonstrated excellent compliance (93%), safety, and improved quality of life. The
major reported side effects appear to be abdominal pain
and obstructive symptoms, but it is difficult to determine
the extent to which these side effects should be ascribed
to Teduglutide or to the patients’ underlying Crohn’s disease. Whether other short gut patients will report less of
these symptoms awaits study[198]. Teduglutide may also aid
weaning from TPN. In a randomized placebo-controlled
trial, low-dose Teduglutide promoted weaning from
TPN, although puzzlingly high-dose Teduglutide did not
have this effect[199] although secondary endpoints of villus height and body mass were increased by high-dose
Teduglutide as well. This puzzling result was attributed to
possible baseline differences between groups, although
alternative explanations include difference in oral intake
and side effects. In addition, a suprapharmacologic effect
may limit efficacy. Teduglutide is in clinical use in some
countries already, and will likely achieve broader distribution in the near future. Further studies with regard to the
ideal dose, time course, and potential for synergy with
other interventions would improve our understanding of
how Teduglutide should be used (Table 3).

Glucocorticoids: The stress response may play a critical role in intestinal adaptation. In rats undergoing either
80% small bowel resection or sham operation, dexamethasone infusion reduced weight, DNA content, and
mucosal protein content regardless of surgical status.
IGF-1 was markedly decreased in the steroid-treated rats,
demonstrating a potentially deleterious effect on adaptation[217]. In contrast, glucocorticoids may impact uptake
of sugars by modulating uptake receptors with variable
effects among the glucocorticoids[218]. How to modulate
these effects without adversely affecting other physiologic
parameters remains unknown.

IGF: IGF may also enhance enterocyte proliferation after
small bowel resection is[200,201]. IGF-1 is produced primarily in the liver but it is also synthesized to a lesser extent
within the intestine by subepithelial myofibroblasts[202].
IGF-1 may upregulate digestive enzymes including sucrase, maltase, and leucine aminopeptidases after small
bowel resection in animals[203]. In addition, targeted overexpression of IGF-1 in transgenic mice leads to increased
small bowel weight, length, and crypt cell proliferation[204].
In short bowel syndrome rats on parenteral nutrition,
IGF-1 treatment induced jejunal hyperplasia[205]. In small
bowel syndrome rats, IGF-1 increased jejunal mucosal
mass by 20% and DNA content by 33%, reflecting increased enterocyte hyperplasia[206].
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MULTIMODALITY THERAPY
Integrated multimodality treatment may prove the best
strategy. For instance, just as GH may be more effective when combined with glutamine. GH and EGF in
combination synergistically increased microvillus height
and enhanced nutrient transport in a rabbit short bowel
model[219].
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tion, the biology of intestinal adaptation may also be
relevant to morbid obesity surgery. Morbid obesity is a
rising epidemic with profound cardiovascular, endocrine,
and pulmonary systemic consequences[228]. Such patients
typically do not respond well to conventional instructions
to eat less and exercise more. The induction of artificial
malabsorption using steatorrheic agents can cause mild
weight loss but is associated with poor compliance[229].
Bariatric surgery has evolved as the most effective treatment for morbid obesity. Although many procedures
have been described to induce weight loss, they can generally be categorized as to whether they have restrictive
and/or malabsorptive components. Procedures including
malabsorptive components, in which some of the small
bowel is bypassed, generally achieve superior weight loss
to purely restrictive procedures because malabsorption
procedures create a functional short gut syndrome.
Such bariatric procedures generate initial weight loss,
but many patients gain back weight later. Some failures are
attributed to behavioral changes as patients learn to “outeat” the surgical procedure. However, it seems likely that
postoperative intestinal adaptation to the functional short
gut also ameliorates weight loss by increasing the absorptive capacity of the intestine that remains in continuity.
Intestinal adaptation does occur after malabsorptive
obesity surgery. Humans undergoing classical jejunoileal
bypass develop increased small bowel villus height and
improved nutritional intake without increases in individual cell height or width, identifying epithelial hyperplasia
as part of the adaptive mechanism[230]. However, the unbypassed functional segment of small intestine demonstrates not only an adapted morphologic appearance with
increased villus height but also increased activity of brush
border enzymes[231]. This suggests that individual intestinal epithelial cells, while not larger, are likely to be more
functional, better able to absorb and digest nutrients,
consistent with a bimodal model of adaptation in which
the adapted intestine has not only more enterocytes but
better enterocytes that more fully express characteristics
needed for their function. It remains unclear whether
similar changes occur in response to decreased nutrient consumption in the bowel of patients who undergo
purely restrictive procedures such as laparoscopic gastric
banding and gastric sleeve procedures. Human biopsies
11-22 mo after jejuno-ileal bypass reveal marked mucosal
villus hypertrophy in the continuous segment of bowel,
and atrophy within the bypassed segment[232]. Obesity
surgery also alters gut hormone levels. For instance, 6 mo
after Roux-en-Y gastric bypass, fasting leptin and insulin
decrease while peptide YY, enteroglucagon, and GLP-1
increase[233] This coincides with sustained postprandial
satiety that may also be related to intestinal adaptation.
These effects may persist for years after surgery[234].
Mucosal atrophy and adaptation can also be reproduced in rat models for research. Adaptation in the remaining intestinal segment is well described in rats after
massive small bowel resection. Conversely, we recently
described a novel defunctionalizing Roux-en-Y anasto-

OTHER NEW FRONTIERS IN MUCOSAL
ADAPTATION
Surgical interventions for short bowel syndrome
Surgery is more acutely risky than medical intervention
but also offers hope to patients who otherwise would be
condemned to permanent TPN. Potential interventions
include intestinal lengthening procedures such as the
Bianchi procedure or the serial transverse enteroplasty
(STEP) procedure and small bowel transplantation[141,220].
Intestinal lengthening procedures are more conservative.
The Bianchi procedure involves splitting a dilated
bowel segment longitudinally and reanastomosing it. This
could potentially double intestinal length. One institution
recently reported a 40% TPN wean rate with Bianchi
alone[221]. There is significant potential, however, for bowel loss in the event of technical misadventure. The STEP
is an alternative that involves plicating the small bowel
with staple lines alternating on the mesenteric and antimesenteric edges. One series reported a 60% TPN wean
rate among adult and pediatric patients with short bowel
syndrome using the STEP procedure[222]. On the horizon
is the concept of using slow chronic intestinal distraction
to stimulate intestinal mucosal and muscular proliferation
and thus lengthen the small bowel slowly over time. This
has been successfully performed in animal models with
additional benefits including increased mucosal weight,
and potentially improved function as given by increased
disaccharidase activity[223]. This makes conceptual sense
since pressure[224] and deformation[225] stimulate intestinal
epithelial proliferation.
Small intestinal transplantation is more aggressive and
risky but offers even more potential for weaning from
TPN. The indications for small-bowel transplantation
according to the American Society of Transplantation include the high risk of death related to the underlying disease as well as intestinal failure with increased morbidity
or poor acceptance of parenteral nutrition. The United
States Center for Medicare and Medicaid lists home TPN
complications including impending liver failure, central
venous access thrombosis of 2 or more central veins,
recurrent line sepsis, and repeated episodes of dehydration[226]. We highlight the critical nature of these options
to demonstrate the need for less morbid options. Risks
specific to small intestine transplant include graft thrombosis, ischemia, infection related to immunosupression,
and graft rejection. Outcomes appear to be improving
with time. Graft and patient survival in carefully selected
patients have recently been reported as high as 75% and
80%, respectively[226,227]. Although such surgical interventions are yielding increasingly impressive results, improved medical and nutritional therapy might obviate the
need for such risky procedures.
Obesity surgery
Although we generally think about the intersection
between mucosal function and surgery with regard to
procedures to increase mucosal mass and digestive func-
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mosis rat model in which the defunctionalized segment
(not actually anastomosed proximally but just ligated at
its proximal end) displays morphological and biochemical
evidence of mucosal atrophy reminiscent of that seen in
TPN-nourished animals despite enteral nutrition passing
through the remaining gut[74]. Decreased mucosal mitogenic extracellular signal-regulated kinase (ERK) signaling
correlates with decreased proliferation in this bypassed
segment. This confirms that mucosal atrophy in the setting of TPN reflects loss of enteral nutrients in direct
contact with the gut mucosa rather than loss of indirect
neurohumoral effects associated with enteric food consumption.
Interestingly, more classical Roux-en-Y bypass rat mo
dels, in which the bypass limb receives continuous biliopancreatic secretions, result in increased villus height and
crypt depth in the common limb as compared to the biliopancreatic limb, but decreased glucose transport overall,
suggesting the importance of both overall mucosal mass
and anatomic rearrangement in determining intestinal
function[235]. Importantly, the biliary limb of this anastomosis exhibits partial adaptation with increased width and
increased crypt cell proliferation without further mucosal
adaptation. The alimentary and common channel exhibits
full adaptation in bowel width, villus height, crypt depth
and proliferation. This demonstrates the importance of
direct contact and local factors required for full adaptation[236].
Some endocrine changes after obesity surgery probably contribute to the success of these procedures, beyond their anatomic restrictive and malabsorptive effects.
However, some of the neurohumoral consequences of
obesity surgery may act synergistically with the decrease
in delivery of nutrients to the intestinal mucosa to promote intestinal adaptation which in turn undesirably
enhances nutrient absorption and contributes to delayed
weight gain. Altering this natural adaptation after obesity surgery could sustain weight loss with less frequent
failure. If sufficiently severe mucosal atrophy could be
pharmacologically induced, one might even create sufficient malabsorption to obviate the need for any surgical
procedure.

intestinal epithelial cells derived from human surgical
specimens[44].
The pathway governing this mitogenic effect is complex. In vitro work suggests it includes a complex web
of kinases[238] (while in vivo such signals are activated by
repetitive deformation of the intestine in anesthetized
animals[76]). Extracellular pressure may also be mitogenic
for intestinal epithelial cells[224]. Pressure stimulates colon
cancer cell proliferation via protein kinase C and tyrosine
kinase signals. Supraphysiologic extracellular pressure
inhibits intestinal epithelial wound healing independently
of luminal nutrient flow[239]. Enterocytic differentiation
is influenced by some of these same stimuli[240,241].
Interestingly, the intestinal epithelial response to repetitive deformation seems regulated by a matrix-dependent
switch. Under basal circumstances, repetitive deformation induces proliferation and differentiation consistent
with the ideal enterocytic phenotype. However, when
fibronectin is added to the matrix substrate or medium
in vitro[44] or deposited into the extracellular matrix in
vivo during inflammation or injury[239], then deformation
promotes a shift to a migratory phenotype and more
rapid cell motility to close the resultant mucosal defect
and maintain the mucosal barrier. The signal pathways
that regulate this motogenic effect are similar to those
by which deformation is mitogenic in the absence of
fibronectin, but exhibit subtle but important differences
that may permit selective targeting of each effect[242]. For
instance, repetitive deformation promotes epithelial motility across fibronectin via a FAK-Tyr 925-phosphorylation that occurs independently of Src, while the FAK-Tyr
925-phosphorylation that occurs in response to strain in
the absence of fibronectin requires Src[225]. We recently
demonstrated that integrin-linked kinase, in association
with focal adhesion kinase and Src, modifies the downstream response to strain, perhaps implicating ILK as a
useful molecular target for intervention[243].
Animal studies are beginning to validate these in vitro observations. The defunctionalized gut, deprived of
chemical and physical interactions with luminal nutrients,
displays mucosal atrophy throughout its length[74] and
slower mucosal wound healing in wounded areas into
which fibronectin has been deposited[239]. Targeting otherwise deformation-activated signals such as ILK[243] or
small GTP-binding proteins like RhoA, rho-associated
kinases and the formin homology protein mDia[244] may
someday maintain the gut mucosa despite fasting or ileus.

Influence of physical forces
The gut mucosa may not only be influenced by chemical
interactions with growth factors, cytokines, and nutrients
but also by exposure to physical forces such as repetitive
deformation and pressure. These forces can originate
from peristaltic contractions, villous motility, and physical
interactions between the intestinal villi and the relatively
non-compressible luminal chyme. In vitro, the proliferation of human intestinal epithelial cells is stimulated by
rhythmic deformation, and this mitogenic effect is synergistic with the mitogenic effect of L-glutamine supplementation[237]. The mitogenic effects of strain are amplitude-dependent[75] as well as frequency-dependent[237], and
occur not only in established cell lines but also in primary
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TARGETS FOR CELLULAR
DIFFERENTIATION IN ADAPTATION
While most therapeutic efforts have emphasized modulating intestinal epithelial proliferation, it may also be
useful and important to modulate intestinal epithelial
differentiation to achieve a fully and optimally functional
intestinal mucosa. Schlafen-3 and Math-1 are potentially
interesting targets.
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early proliferation and the absence of increased early
weight gain. This suggests that the early proliferation of
immature enterocytes alone may not suffice for nutrition,
and highlights the need to encourage earlier differentiation to optimize clinical gains[248].

Table 4 Questions for future study
What is the ideal timing for influence of proliferative and differentiation
phases in small bowel adaptation with targeted therapy?
What are useful combination regimens of multimodality therapy?
What dietary supplementation is essential for optimization of
adaptation?
What is an appropriate algorithm for advanced medical compared to
surgical treatment of small bowel syndrome ?
What is the precise role for glutamine supplementation in facilitating
adaptation?
What is the ideal dose of Teduglutide?
Can other agents such as polyamines or retinoic acid be useful?
How can surgical procedures best be combined with multimodal
therapy?
How can the role of physical force in adaptation be replaced
pharmacologically?
Why is neoplasm more common in the large intestine than in the small
intestine?
Why do APC (Min) mice have more common neoplasms in the small
bowel?

Math1
Although the Schlafen superfamily may promote differentiation toward an enterocytic phenotype, intestinal
stem cells also differentiate into goblet cells, enteroendocrine cells, and paneth cells in addition to enterocytes.
Although less abundant in the mucosa, these intestinal
epithelial cells are also important for optimal mucosal
function. Murine knockout studies have identified Math1
as a transcription factor that influences the differentiation of these secretory cell types[249]. In fact, deletion of
Math1 does not disturb the capacity for self-renewal in
intestinal epithelium at the crypt base[250].
Further terminal differentiation is still under intensive
investigation. A series of downstream targets influence
differentiation toward the endocrine lineage, including
NGN3, BETA2, Pax4, and Pax6[251]. Manipulating these
targets may also be important in the future to promote a
fully functional mucosa.

Schlafen-3
Schlafen-3 is a member of the Schlafen superfamily, a
poorly understood heterogenous group of proteins first
described in 1998 as a family of growth regulatory genes
that modulate thymocyte development[245]. Schlafen-3 is
not expressed in humans, but could have a functional
human ortholog. We recently demonstrated that the
Schlafens could play an important role in modulating
intestinal adaptation. Schlafen-3 levels increase in parallel
with expression of differentiation markers like dipeptidyl
dipeptidase activity and villin expression when non-transformed rat intestinal epithelial IEC-6 cells are induced
to differentiate in response to repetitive deformation,
TGF-beta, or sodium butyrate. More importantly, reducing Schlafen-3 by specific siRNA prevents the differentiating effect of each of these stimuli[240]. This suggests
that Schlafen-3 may represent an important common or
convergent node in the differentiating signal pathways
invoked by these three very different stimuli. Schlafen-3
is also downregulated in the intestinal mucosa of aging
rats[246], but conversely substantially increases in expression between the fetal state over the first few days after
birth when the rat intestine is maturing[247].
Although Patel et al[246] reported that Schlafen-3 slows
proliferation, we observed no effect on basal or EGFstimulated proliferation when modulating Schlafen-3[240].
This discrepancy awaits exploration in vivo. Tracing and
triggering the Schlafen-3-dependent pathway may offer
a way to selectively promote intestinal epithelial differentiation, either without affecting proliferation or perhaps
even synergistically with agents such as GH or Teduglutide to promote both proliferation and differentiation.
Targeting differentiation is clinically important because altering the function of naive cells may promote intestinal function. A recent piglet study replicated multiple
previous findings of increased total villus cell numbers
over 6 wk of adaptation to massive small bowel resection.
However, this study demonstrated a disconnect between
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CONCLUSION
Intestinal adaptation is an extraordinary phenomenon,
induced by diverse pathological and surgical conditions,
but not always successful in recreating adequate mucosal
function. The long term consequences of such deficits in
intestinal function highlight the need for more effective
therapy for short gut syndrome directed by investigation
into the physiological basis of adaptation. Despite recent
progress, current targets are limited. We propose not
only continued efforts to stimulate small bowel mucosal
proliferation, but also increased investigation into the
role of differentiation in adaptation (Table 4). Addressing
both proliferation and differentiation multimodally could
greatly improve patient outcomes.
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FIELD OF VISION

Advanced gastric cancer: Is there enough evidence to call
second-line therapy standard?
Hendrik-Tobias Arkenau, Matilde Saggese, Charlotte Lemech
Moreover two recently published phase-3 studies support the use of second-line chemotherapy. A South
Korean study compared either, irinotecan or docetaxel
with best supportive care and a German study compared irinotecan with best supportive care-both studies
met their primary endpoint overall survival. In this “Field
of Vision” article, we review these recently published
phase-3 studies and put them into the context of clinical prognostic factors helping to guide treatment decisions in patients who most likely benefit.
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Abstract
Gastric cancer and cancer of the gastro-oesophageal
junction (GOJ) are the 4th most common cancer diagnoses worldwide with regional differences in incidence
rates. The treatment of gastric and GOJ cancers is
complex and requires multimodality treatment including
chemotherapy treatment, surgery, and radiotherapy.
During the past decade considerable improvements
were achieved by advanced surgical techniques, tailored chemotherapies/radiotherapy and technical
innovations in clinical diagnostics. In patients with
advanced or metastatic gastric/GOJ cancer systemic
chemotherapy with fluoropyrimidine/platinum-based
regimens (+/-human epidermal growth factor receptor-2 antibody) is the mainstay of treatment. Despite
these improvements, the clinical outcome for patients
with advanced or metastatic disease is generally poor
with 5-year survival rates ranging between 5%-15%.
These poor survival rates may to some extent be related that standard therapies beyond first-line therapies
have never been defined. Considering that this patient
population is often not fit enough to receive further
treatments there is an increasing body of evidence
from phase-2 studies that in fact second-line therapies
may have a positive impact in terms of overall survival.

WJG|www.wjgnet.com

Peer reviewers: Andrzej S Tarnawski, MD, PhD, DSc (Med),

Professor of Medicine, Chief Gastroenterology, VA Long Beach
Health Care System, University of California, Irvine, CA, 5901
E. Seventh Str., Long Beach, CA 90822, United States; Ferruccio Bonino, MD, PhD, Professor of Gastroenterology, Director
of Liver and Digestive Disease Division, Department of Internal
Medicine, University of Pisa, Director of General Medicine 2
Unit University Hospital of Pisa, Via Roma 67, 56124 Pisa, Italy
Arkenau HT, Saggese M, Lemech C. Advanced gastric cancer:
Is there enough evidence to call second-line therapy standard?
World J Gastroenterol 2012; 18(44): 6376-6378 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v18/i44/6376.htm
DOI: http://dx.doi.org/10.3748/wjg.v18.i44.6376

INVITED COMMENTARY ON HOT
ARTICLES
Background
Gastric cancer and cancer of the gastro-esophageal junction are one of the most common cancers in the world
with significant impact on health resources[1]. Extensive
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surgery is the therapy of choice in early disease stages
and often accompanied by neo-adjuvant and/or adjuvant
chemotherapy[2]. However, a significant number of patients relapse after initial surgery and a large proportion
of patients (30%) present with advanced disease. In this
setting systemic 5-fluoropyrimidine/platinum based chemotherapy [+/-human epidermal growth factor receptor
2 (HER-2) antibody] has shown to be an effective firstline therapy[3]. Although first-line therapy is effective in
the majority of patients a large proportion has no or
limited benefit and may merit further treatment. Over the
last decade second-line therapy has been controversially
debated as clinical evidence, mostly generated from small,
single centre or retrospective studies, was sparse. In this
“Field of Vision”, we review the results of two recently
published trials reporting the benefit of second-line therapy for patients with advanced gastric cancer and put this
into the context of current treatment algorithms.

advanced gastric cancer who received at least one prior
therapy were randomised in a 2:1 fashion and received
either chemotherapy (irinotecan 150 mg/m2, qw 2 or
docetaxel 60 mg/m2, qw 3) or best supportive care[5]. Restaging was performed every 6 wk and toxicity assessed
based on the CTCv3.0. Patients were well balanced for
performance status (0-1), pretreatment, primary tumour
type, number of metastatic sites, age, however, there
was an imbalance in the male: female-ratio in both arms.
The treatment was generally well tolerated (66 patients,
docetaxel; 60 patients, irinotecan; 62 patients BSC).
Grade 3/4 toxcities included anemia (30 and 32%), neutropenia (15% and 18%) and fatigue (26% and 10%) in
the docetaxel and irinotecan arm, respectively. Anemia,
fatigue and anorexia were the most common grade 3/4
toxicities in the BSC arm. After a median follow-up of 20
mo the intention to treat analysis showed an increase in
OS form 3.8 mo in the BSC arm (95%CI 3.1-4.5 mo) to
5.3 mo (95%CI 4.1-6.5 mo) with a HR of 0.657 (95%CI
0.485-0.891, P = 0.007; one-sided log rank test). There
was no difference in the treatment effect of docetaxel
and irinotecan; P = 0.116. Further exploratory analysis
showed that PS (0 vs 1), prior chemotherapy (1 vs ≥ 2)
and chemotherapy-free interval (< 3 mo vs > 3 mo) were
prognostic factors in the uni- and multivariate analyses.
Both phase-3 studies have shed light into a field
which has been discussed controversially for the last few
years (Table 1). Despite several limitations in design and
recruitment there are several factors which we feel are
important to highlight.
First, the two trials showed comparable clinical benefit in two different patient populations[6]-both, the Western World and Asian population, tolerated treatments
generally well and had had similar outcomes in terms of
survival.
Second, the different choice of chemotherapy, e.g.,
weekly docetaxel or irinotecan as seen in the South Korean study, did not impact on outcome and therefore offers
treatment choices in this setting. These results were recently supported in abstract format by a Japanese phase-3
study (WJOG4007) including 223 patients with advanced
gastric cancer. Patients received either weekly docetaxel
(80 mg/m2) or irinotecan (150 mg/m2, qw 2) and were
followed up until progression[7]. In terms of toxicity both
treatment regimens were comparable with grade 3/4 toxicities being: neutropenia (39% vs 29%), anemia (17% vs
7%) and fatigue (13% vs 7%), respectively.
Third, the multivariate analysis in the South Korean
study identified clinical important prognosticators (performance status, number of prior chemotherapies and
chemotherapy-free interval) which could serve physicians
to make adequate treatment decisions. In this context, a
recent retrospective study by Hasegawa et al[8] identified
additional clinical factors which could support treatment
decision, namely PS (0-1 vs 2), albumin (> 35 mg/dL vs <
35 mg/dL) and time to progression on first-line therapy
(> 170 d vs < 170 d). According to a prognostic model
patients with two or more of these factors would not

"Field of Vision" commentary
We followed with great interest two recently published
papers addressing the use of second-line therapy in patients with advanced gastric cancer.
Briefly, the Arbeitsgemeinschaft Internistische Onkologie (AIO) trial was a prospective, randomised, multicentre, open-label phase-3 study of 40 patients which compared irinotecan (n = 21; 250 mg/m2 first cycle and 350
mg/m2 subsequent cycles, qw 3) vs best supportive care
(BSC; n = 19) where crossover into the irinotecan arm
was not allowed[4]. Restaging was performed every 6 wk
and toxicity assessed based on the common toxicity criteria version 2.0 (CTCv2.0). Patients were well balanced
for performance status (0-≤ 2), pretreatment, primary
tumour type, number of metastatic sites, age, however,
there was an imbalance in the male:female-ratio in both
arms. In total a median number of two cycles was administered (range: 0-9) and 37% of patients in the chemotherapy treatment arm were dose-escalated to 350 mg/m2
irinotecan. Irinotecan was generally well tolerated and the
main grade 3/4 toxicity was diarrhea (26% of patients)no treatment related deaths were observed. There was
no objective tumour response, however disease stabilisation > 6 wk was documented in 53% of patients and
a significant proportion of patients reported improvement of symptoms while on treatment (n = 9, 50%).
The progression free survival for patients on treatment
was 2.5 mo (95%CI 1.6-3.9 mo) with a median overall
survival (OS) of 4.0 mo compared to a 2.4 mo OS in the
BSC arm [hazard ratio (HR) 0.48, 95%CI 0.25-0.92, P =
0.012; one-sided log-rank test]. As a result and supported
by evidence from phase-2 studies the German Gastric
Cancer national guideline committee approved the use of
second-line chemotherapy in patients with advanced gastric cancer.
The second study was recently reported from a group
in South Korea where second-line therapy was historically more widely used despite level 3 evidence.
In this prospective phase-3 study, 202 patients with
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natures should guide us in our attempt to rationalise the
decision-making process to improve patient outcome.

Table 1 Clinical decision tool for second-line therapy
Prognostic marker

Treatment action
Support treatment Caution-poor outcome

Albumin (mg/dL)
Performance status
Chemotherapy free interval
(mo)
Time to progression on 1stline therapy (mo)

> 35
0-1
>3

< 35
2
<3

>6

<6
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improving biochemical parameters and preserving liver
histology.
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Abstract
The present study aims to clarify the protective effect of
supplementation with some antioxidants, such as idebenone (200 mg/kg, ip ), melatonin (10 mg/kg, ip ) and
arginine (200 mg/kg, ip ) and their combination, on liver
function (T. protein, albumin, alanine aminotransferase,
aspartate aminotransferase and alkaline phosphatase),
energetic parameters (adenosine triphosphate, adenosine diphosphate, adenosine monophosphate, inorganic
phosphate, total adenylate, adenylate energy charge
and potential phosphate). The effect on glycolytic and
glycogenolytic enzymes (glucose, glycogen, glycogen
phosphorylase, pyruvate kinase and phosphofructokinase against hypoxia) was also studied. The drugs were
administered 24 and 1 h prior sodium nitrite intoxication. All biochemical parameters were estimated 1 h
after sodium nitrite injection. Injection of sodium nitrite
(75 mg/kg, sc ) produced a significant disturbance in
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INTRODUCTION
Hypoxia, or hypoxiation, is a pathological condition in
which the body as a whole (generalized hypoxia) or a region of the body (tissue hypoxia) is deprived of adequate
oxygen supply. Variations in arterial oxygen concentrations can be part of the normal physiology, hypoxia in
which there is complete deprivation of oxygen supply is
referred to as anoxia. Hepatic tissue is quite vulnerable to
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hypoxic injury. The morphological expression of hypoxic
injury seems mediated by changes in the cortical cytoskeleton[1]. Lemasters et al[2] produced hypoxia in isolated,
hemoglobin-free, perfused rat liver by reducing the flow
rate of oxygen-carrying fluid entering the organ. This
caused anoxia in centrilobular regions. In these anoxic
areas, structural derangements developed rapidly, characterized by bleb-like protrusions of hepatocyte plasma
membrane through fenestrations in the sinusoidal endothelium. Periportal tissue remained normoxic and was
completely spared.
Idebenone (hydroxydecyl benzoquinone), a short
chain synthetic analogue of coenzyme-Q10 (CoQ-10),
is a vital cell membrane antioxidant and essential constituent of the adenosine triphosphate (ATP) producing
mitochondrial electron transport chain. It is a potent
antioxidant agent and unlike CoQ-10 has the ability to
operate under low oxygen tension situations[3].
The pineal gland is the main source of melatonin (Nacetyl-5-methoxytryptamine) in the circulation. It is also
produced in small amounts in the retina, gastrointestinal
system and by leukocytes[4]. Melatonin (MEL) is tiny[5] and
highly lipophilic, and for this reason, it is found abundantly in all parts of the cell. MEL protects the DNA,
lipids and proteins against oxidative damage[6,7]. The free
radical scavenging and antioxidant effects of MEL have
been shown in many studies[8-11].
2-Amino-5-guanidinopentanoic acid (arginine) is an
important, versatile and a conditionally essential amino
acid. Besides serving as a building block for tissue proteins, arginine plays a critical role in ammonia detoxification, and nitric oxide and creatine production. Arginine
supplementation is an essential component for the treatment of urea cycle defects but recently some reservations
have been raised with regards to the doses used in the
treatment regimens of these disorders[12].
In the present study, we aimed to compare the protective effects of idebenone, melatonin, arginine, idebenone
+ melatonin and idebenone + arginine against liver injury
through histological (hematoxylin and eosin) and biochemical [T. protein, albumin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP), ATP, adenosine diphosphate (ADP),
adenosine monophosphate (AMP), inorganic phosphate
(Pi), total adenylate (TA), adenylate energy charge (AEC),
potential phosphate (PO), glucose, glycogen, glycogen phosphorylase, pyruvate kinase (PK) and phosphofructokinase (PFK) parameters] against hypoxia in ameliorating
sodium nitrite induced hypoxia in rat livers.

PT
F

S
H

PT
CV

PT

Figure 1 Liver section (hematoxylin and eosin × 100 with lateral magnification × 200) showed the normal structure of liver control.

saline, while, idebenone and arginine were suspended in
1% gum acacia in normal saline.
Animals
Adult male albino rats, weighing 180-200 g obtained from
the animal house of King Saud University, were used in
this study. They were fed with a standard laboratory diet
and tap water ad libitum and housed in cages (ten rats per
cage). All animals were kept at standardized laboratory
conditions (25 ± 5  ℃, 55% ± 5% humidity, and a 12 h
light/dark cycle). One week after acclimatization in the
laboratory where experiments were performed, the animals were fasted for 3 h prior to drugs administration. All
experiments were carried out according to recommendations of King Saud University of Experimental Animals
Ethics Committee which is matched with international
ethics for handling of experimental animals. The doses
of sodium nitrite, idebenone, melatonin and arginine
used in the current study were chosen according to preliminary studies in our laboratory and were matched with
those in the literature[13-16] respectively.
Experimental design
Animals were divided into seven groups (n = 10 rats) and
were treated as follows: Group Ⅰnormal group (Figure 1)
treated with saline; group Ⅱ treated with sodium nitrite
only[13] (75 mg/kg, sc); group Ⅲ was administered idebenone[14] (200 mg/kg, ip); group Ⅳ was injected with melatonin[15] (10 mg/kg, ip); group V was treated with idebenone (200 mg/kg, ip) followed by melatonin (10 mg/kg,
ip) one hour later; group Ⅵ was treated with arginine[16]
(200 mg/kg, ip); group Ⅶ was treated with idebenone
(200 mg/kg, ip) followed by arginine. These drugs were
injected 24 h and 1 h before sodium nitrite injection.

PRINCIPLES AND TECHNIQUE

Liver tissues homogenate
Liver tissue was homogenized in 0.9 mol/L NaCl (1:10
w/v) for the estimation of glucose, total protein, albumin, ALT, AST and ALP. Liver tissue (0.25 g) was homogenized using 7% trichloroacetic acid for the extraction of adenosine nucleotides according to the method
of Wijsman[17]. For estimation of PFK, 0.25 g liver was

Drugs and chemicals
Idebenone, melatonin, arginine and sodium nitrite used
in this study were analytically pure products of SigmaAldrich Chemical Co., St. Louis, MO, United States. All
other chemicals were of the highest analytical grade.
Sodium nitrite and melatonin were dissolved in normal
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Table 1 Liver function, level of energetic parameters, level of some glycolytic and glycogenolytic enzymes in hypoxica rats at
different treated groups
Parameters

Control Ⅰ

Hypoxia Ⅱ

Liver function parameters
T.protein (g/dL)
13.4 ± 2.5a
9.2 ± 1.07c
Albumin (g/L)
68.9 ± 5.4b
56.18 ± 7.5c
AST (GOT) (U/L)
9.78 ± 1.18a
4.64 ± 1.25c
ALT (GPT) (U/L)
9.69 ± 3.67a,b
5.87 ± 0.99c
ALP (U/L)
461.98 ± 40.1b,c
623 ± 64.9a
Level of energetic parameters
ATP (μmol/mg)
1.47 + 0.11a
0.602 + 0.03f
ADP (μmol/mg)
0.152 + 0.007e
0.37 + 0.02a
e
AMP (μmol/mg)
0.08 + 0.008 0.188 + 0.01a
Pi (μmol/mg)
12.82 + 1.9a
5.34 + 0.75e
a
TA
1.70 + 0.12
1.16 + 0.02e
ATP/ADP
9.65 + 0.64a
1.65 + 0.18g
ATP/AMP
18.08 + 2.47a
3.21 + 0.26e
AEC
0.90 + 0.01a
0.68 + 0.01f
PO
0.77 + 0.15a
0.31 + 0.05e
Level of some glycolytic and glycogenolytic enzymes
Glucose (mg/g)
74.28 ± 6.43a
58.5 ± 7.1c
b
Glycogen (mg/g)
8.9 ± 1.2
3.4 ± 0.64c
Glycogen- phosphorylase
0.99 + 0.03g
3.00 + 0.12a
PK (μmol/min per mg)
4.00 + 0.276f
7.81 + 0.16a
PFK (μmol/min per mg)
8.16 + 0.48e
32.03 + 2.05a

P value

Treated-groups
Idebenome Ⅲ

Melatonin Ⅳ Id + Melatonin Ⅴ

Arginine Ⅵ

Id + arginine Ⅶ

10.26 ± 0.57b,c 10.63 ± 0.6b,c
68.3 ± 6.68b
84.47 ± 14.2a
8.86 ± 1.32a
8.64 ± 1.04a,b
10.4 ± 1.9a,b
9.28 ± 2.1a,b
486 ± 62.0b 449.5 ± 47.7b,c

11.28 ± 0.52b
68.98 ± 7.1b
7.01 ± 1.13b
7.34 ± 3.93b,c
436.3 ± 65.6b,c

11.03 ± 1.05b
67.10 ± 9.90b,c
8.65 ± 1.84a,b
10.53 ± 1.6a,b
400.5 ± 39.3c

11.54 ± 0.81b
72.34 ± 9.7b
9.64 ± 1.49a
10.78 ± 1.4a
418.4 ± 46.2b,c

< 0.001
< 0.01
< 0.001
< 0.05
< 0.001

0.978 + 0.05d
0.24 + 0.01b
0.13 + 0.01c
8.12 + 0.46d
1.35 + 0.05c,d
4.05 + 0.29e
7.82 + 0.83c
0.82 + 0.01d
0.50 + 0.05c,d

1.03 + 0.07d
0.20 + 0.01c
0.12 + 0.01c,d
8.47 + 0.36c,d
1.36 + 0.075c
5.06 + 0.039d
8.70 + 1.27c
0.83 + 0.01d
0.60 + 0.04b

1.27 + 0.03b
0.18 + 0.005d
0. 108 + 0.008d
9.93 + 0.35b
1.56 + 0.03b
7.21 + 0.31b
11.72 + 0.97b
0.87 + 0.01b
0.73 + 0.02a

0.87 + 0.05e
0.26 + 0.02b
0.15 + 0.008b
7.84 + 0.31d
1.27 + 0.03d
3.41 + 0.31f
5.80 + 0.47d
0.78 + 0.01e
0.44 + 0.06 d

1.16 + 0.05c
0.21 + 0.008c
0.12 + 0.008c
9.49 + 0.58b,c
1.49 + 0.05b
5.64 + 0.26c
9.40 + 0.99c
0.85 + 0.01c
0.59 + 0.06b,c

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

67.2 ± 3.2a,b
8.7 ± 1.02b
1.93 + 0.05c
5.51 + 0.38c
20.70 + 1.34b

63.0 ± 7.0b,c
8.9 ± 0.53b
1.75 + 0.08d
5.34 + 0.25c,d
18.43 + 0.52b

65.03 ± 5.5b,c
8.8 ± 0.56b
1.38 + 0.11f
4.92 + 0.10e
10.13 + 1.27d

65.82 ± 6.7b,c
8.99 ± 0.45a,b
2.17 + 0.11b
5.87 + 0.15b
20.32 + 0.44b

67.9 ± 4.8a,b
9.98 ± 0.63a
1.54 + 0.05e
5.11 + 0.12d,e
15.13 + 2.74c

< 0.01
< 0.001
< 0.001
< 0.001
< 0.001

Data are expressed as means ± SD of ten rats in each group; a, b, c, d, e, f, g means within columns with no common superscripts differ significantly.
Unshared superscript letters between groups are the significance values at P < 0.05. Statistical analysis is carried out using one way analysis of variance
(ANOVA) using CoStat computer program. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; ATP: Adenosine
triphosphate; ADP: adenosine diphosphate; AMP: Adenosine monophosphate; AEC: Adenylate energy charge; PO: Potential phosphate; PK: Pyruvate kinase;
PFK: Phosphofructokinase; Pi: Inorganic phosphate; TA: Total adenylate.

homogenized in 50 mmol Tris HCL, 1 mmol disodium
ethylenediam-inetetraacetate dehydrate (EDTA) and 5
mmol MgSO4 at pH 8.2 and then centrifuged for 10 min
at 0  ℃. The supernatant was used for enzyme assays
while 0.25 g tissue was homogenized in 5 mL Tris-HCL
buffer pH 7.6 for detection of PK. On the other hand,
0.25 g tissue was homogenized in 100 mmol maleateNaOH-buffer (pH 6.6) containing 20 mmol NaF, 1 mmol
EDTA, 0.5 mg/mL bovine serum albumin and 10 mmol
DL-dithothreitol for estimation of glycogen phosphorylase.

et al[23]. ADP and AMP were assayed in a single assay system according to the method of Jaworek et al[24].

Biochemical studies
Glucose was determined colorimetrically at 505 nm by
the method described by Trinder[18]. Total protein reacts
with Bradford reagent to give a blue complex, which is
measured calorimetrically at a wavelength of 595 nm
(Bradford[19]). The albumin level was measured according
to the method of Doumas et al[20] using Randox Diagnostic kits. In a buffered solution, bromocresol green forms
with albumin; a green colored complex, its intensity is
proportional to the amount of albumin present in the
sample. ALT was determined according to the method of
Reitman and Frankel[21]. AST was determined according
to the method of Reitman et al[21]. ALP activity was measured photometrically[22].

Calculation of adenylates energy charge: AEC = 1/2
[ADP + ATP]/[AMP + ADP + ATP]. Glycogen content was estimated by the method of Carroll et al[26] as the
green color formed was read at 610 nm against blank. PK
was measured according to the method of King[27]. PFK
was estimated according to the method of Zammit et
al[28]. Glycogen phosphorylase was determined according
to the method of Hedrick et al[29].

Calculation of phosphate potential: PO is an al
ternative index used to indicate the free energy status of
the tissues and can be calculated from the concentration
of ATP, ADP and Pi according to Van Waarde et al[25] PO
= [ATP]/[ADP] [Pi].
Calculation of total adenylates: TA = ATP + ADP +
AMP.

Histological study
Liver samples were removed and placed overnight in
fixative containing 10% formalin, liver were paraffinembedded for hematoxylin and eosin (HE) staining and
cut at 5 μm in the longitudinal plane; liver samples from
different groups were named as control (Ⅰ), hypoxia (Ⅱ),
idebenone (Ⅲ), melatonin (Ⅳ), idebenone + melatonin
(Ⅴ), arginine (Ⅵ), idebenone + arginine (Ⅶ). Sections

Energetic parameter evaluation
ATP was assayed following the procedure of Lamprecht
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Figure 2 Liver section (hematoxylin and eosin × 200) centrilobular region and periportal region. A: Liver section [hematoxylin and eosin (HE) × 200] centrilobular region; B: Periportal region showed severe morphological changes as a result of giving sodium nitrite; C: Liver section (HE × 200) centrilobular region; D: Periportal
region of rats treated with melatonin against sodium nitrite.

were examined under the microscope for the extent of
any damage and compared with the control group.

idebenone respectively. At the same time, AEC showed
a significant reduction of 24.44%. Significant enhancements of 15.6%, 16.7%, 21%, 11% and 18.9% were observed in treated groups, respectively. Measurements of
ATP/ADP, ATP/AMP, PO and TA showed significant
reductions in the hypoxic rats of 82.9%, 82%, 59.7% and
-31.76%, respectively. Hypoxic groups that received treatment showed significant enhancements in ATP/ADP,
ATP/AMP, PO and TA of 24.9%, 35%, 57.6%, 18% and
41%, respectively, for ATP/ADP and of 25.5%, 30%,
47%, 14% and 34%, respectively, for ATP/AMP. Changes in TA detected were 11.18%, 11.76%, 23.53%, 25.29%
and 19.41%, respectively, while changes in PO recorded
were 24.68%, 37.66%, 54.55%, 16.88% and 36.36% for
the same previous mentioned treatments respectively.
Glucose and glycogen content showed a marked decrease
in the hypoxia group (21% and 61.8% respectively).
Treatment with antioxidants changed these decreases
to 11.7%, 6.1%, 8.7%, 9.8% and 12.6% respectively, for
glucose (Table 1), and 59.9%, 61.7%, 60.7%, 60.9%, and
73.9% respectively for glycogen; while glycogen phosphorylase, PK and PFK enzyme activities showed significant increases in hypoxic rats of 95%, 203% and 292.5%
respectively, but these increases were significantly ameliorated after treatment of hypoxic rats with idebenone,
melatonin, idebenone + melatonin, arginine and idebenone + arginine. Changes in glycogen phosphorylase were
109%, 126%, 163.6%, 83.8% and 147.5% respectively for
each treatment listed above while enhanced levels of PK
of 57.5%, 61.8%, 73%, 48.5% and 67.5% were achieved,
respectively. Changes in PFK were 138.85%, 166.67%,
268.38%, 143.5% and 207% respectively.

Statistical analysis
The results of biochemical analysis were analyzed using
one-way analysis of variance followed by Co-stat computer program. Values of less than 0.05 were regarded as
statistically significant.

RESULTS
Biochemical observation
There was a significant reduction in total protein, albumin, AST and ALT of 31%, 18.5%, 52.6% and 39% in
the hypoxia group while ALP activity increased in this
group (Table 1). All treated groups revealed enhancement
of total protein activity of 7.9%, 10.6%, 15.5%, 13.6%
and 17% in groups Ⅲ, Ⅳ, V, Ⅵ and Ⅶ respectively. Albumin was enhanced by 17.6%, 41.6%, 18.6%, 15.8%
and 23.5% in groups Ⅲ, Ⅳ, V, Ⅵ and Ⅶ respectively.
AST and ALT activities showed changes of 43%, 40.9%,
24%, 41%, 51% and 46.7%, 35%, 15%, 5%, 50.7% in
treated groups Ⅲ, Ⅳ, V, Ⅵ and Ⅶ respectively. Elevated
ALP activity was inhibited by a different amount with
different antioxidants.
There was a significant decrease in ATP level in
hypoxic rats 59% (Table 1). Treatment of the hypoxic
group produced significant amelioration of ATP level
by 25.6%, 29%, 45%, 18% and 38% in groups Ⅲ, Ⅳ,
V, Ⅵ and Ⅶ respectively. When we studied hypoxic rats,
significant increases of ADP (143%) and AMP (135%)
levels were observed. Upon hypoxia, treated rats showed
an improvement in ADP and AMP levels by 85.53%,
111.8%, 125%, 72% and 105% respectively for ADP
and by 72.5%, 85%, 100%, 47.5% and 85% for AMP
and for the same previous treatments respectively. In addition, there was significant reduction in Pi of 58.34%
in the hypoxic group. Treated rats showed a significant
amelioration of the effects of hypoxia, by 21.7%, 24%,
35.8%, 19.5% and 32% respectively for idebenone, melatonin, idebenone + melatonin, arginine and arginine +

WJG|www.wjgnet.com

Histological observation
Severe morphological changes were seen in Figure 2A
and B particularly in the peri-portal area, compared with
Figure 1 control group with normal hepatocyte cells. The
hepatocytes were shrunken and vacuolated. The radiating
cordlike arrangement of the hepatocytes was disturbed,
except in the region around the central veins. Figure 2C
and D also showed morphological changes both in the
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Figure 3 Liver section (hematoxylin and eosin × 200) of rats. A: Liver section [hematoxylin and eosin (HE) × 200] of rats treated with idebenone against hypox ia; B:
Liver section (HE × 100 with lateral magnification × 200) of rats treated with idebenone + melatonin against sodium nitrite showing repairing of liver cells; C: Liver section (HE × 100 with lateral magnification × 200) of rats treated with arginine against sodium nitrite revealing normal hepatocyte; D: Liver section (HE × 100 with lateral
magnification × 200) of rats treated with idebenone + arginine against sodium nitrite, showing hepatocytes with normal histological.
O

NH

H3CO

(CH2)2CH2OH

H3CO

CH3

H2N

O
Idebenone

oxygen concentrations carry a risk for oxidative damage
to proteins, lipids and nucleic acids, possibly initializing
apoptosis or carcinogenesis[31]. The present results demonstrate a reduction in ATP level in the liver of hypoxic
rats, accompanied by an increase in ADP and AMP concentrations. This could easily be correlated with the aerobic-anaerobic transition induced by the hypoxia[32]. The
significant reduction in the Pi concentration in hypoxic
rats despite the reduced level of ATP could be explained
by the fact that, when liver is subjected to metabolic
stress, a large amount of phosphate is trapped due to the
presence of an abnormally high level of phosphoryl acceptor[25]. The ATP/ADP ratio revealed that the energy
utilization reaction was higher than the energy-generating
reaction in the low oxygen state and, in turn, this could
confirm the impairment of oxidative phosphorylation in
the liver and reduced metabolism[33]. The significant decrease in PO during the period of hypoxia confirmed the
inhibition of Krebs cycle enzymes and the impairment
of the electron transport chain[34]. Liu et al[35] reported
that hypoxia reduced the level of adenylate energy charge,
ATP/ADP and ATP/AMP in collaboration with decreased levels of ATP, ADP and AMP due to an increase
in the activity of adenylate kinase enzyme. The significant
decrease of TA in hypoxic rats may be explained by the
finding of a decrease in the ATP level which is considered to be the main contributing part of TA. In concurrence with the current result, Emerling et al[36] found that
cells exposed to anoxia (0 mL/L O2) show a decrease
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Figure 4 Chemical structures of idebenone, melatonin and arginine.

peri-portal and centrilobular regions. The liver cells were
swollen and vacuolated and sinusoidal spaces appeared to
be obliterated. Figure 3 did not show any marked difference as compared to the control group.

DISCUSSION
Liver injury causes vascular disorganization and local
tissue hypoxia starting early in disease course. In this
context, hypoxia acts not only as an aggravating factor of
cell damage and inflammation, but also as an inhibitor of
liver regeneration, a major stimulus of angiogenesis and
fibrogenesis, and a promoter of liver carcinogenesis[30].
Lack of oxygen causes metabolic cell death; increased
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in ATP levels. The intracellular ATP level might indeed
direct AMP catabolism either towards IMP or adenosine.
Jyoti et al[37] demonstrated that hypoxia activates AMPactivated protein kinase (AMPK) signalling independent
of a decrease in both ratios.
AEC is a linear measure of the ratio of ATP concentration to total adenylate concentration, which ranges in
value from 1 in the fully charged state to 0. Paradoxically,
high values of AEC are often associated with high toxicant exposures, and low AEC values with low exposure.
These discrepancies may be caused by the inability of
AEC measurements to adequately evaluate cytosolic adenylate concentrations, which are the critical parameters
in enzymatic regulation[38].
The present results also demonstrated a significant increase in PK, PFK and glycogen phosphorylase in the liver of hypoxic rats. In parallel results Solaini et al[39] found
that the AMPK pathway, which causes increases glycolysis, is driven by enhanced catalytic efficiency of some
enzymes, including phosphofructokinase-1 and pyruvate
kinase. The marked reduction in glucose and glycogen,
while a significant increase in glycolytic enzymes PK,
PFK was detected in liver tissue of hypoxic rats, may be
due to an increase in metabolic activity in liver of hypoxic
rats to compensate the inhibition of Krebs cycle caused
by hypoxia. The increase in anaerobic glycolysis might be
attributed to the activation of PFK due to decreased citrate formation provision of energy due to inhibition of
the Krebs cycle and decreased nicotinamide adenine dinucleotide, oxidised form (NAD)/nicotinamide adenine
dinucleotide, reduced form (NADH) (NAD/NADH)
ratio due to inhibition of mitochondrial oxidation which
favours the conversion of pyruvate to lactate[40] with
respect to glycogen phosphorylase, as glycogenolytic
enzyme, it showed an enhanced activity in hypoxic rats
which was attributed to degradation of stored glycogen
inhibition of translocase, the glucose-6-phosphate transport protein[41].
Milusheva et al[42] reported that ATP, ATP/ADP and
AEC were significantly decreased in the absence of glucose (glucose deprivation) and ascertained that hypoxia
is combined with glucose and glycogen deprivation and
inhibition of the glycolysis and glycogenolytic pathways.
The lack of glucose is a common factor contributing to
the reduction in ATP level and AEC. This agrees with
the well-known fact that during anoxia oxidative phosphorylation is impaired while ATP production proceeds
via anaerobic glycolysis. During metabolic stress, AMPK,
a highly sensitive indicator of cellular energy status,
leads to an increase in ATP synthesis and inhibition of
anabolic pathways to limit ATP consumption during
periods of exercise or hypoxia[43]. AMPK downregulates
ATP-consuming pathways, such as glycogen, cholesterol,
and fatty acid synthesis[44]. However, Ou et al[45] declared
that the evidence for increased glucose utilization under
hypoxic conditions is equivocal. For example, rats acclimated to chronic hypoxia do not alter the capacity for
anaerobic glycolysis in skeletal muscle, but rather increase
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the capacity for fatty acid metabolism, possibly sparing
carbohydrate metabolism for severe hypoxic conditions.
Significant amelioration was detected upon treatment of
hypoxic rats with idebenone, melatonin, idebenone +
melatonin, arginine and arginine + idebenone with a fluctuating percent of amelioration, where the hypoxic rats
receiving combined treatment of idebenone + melatonin
showed the best result followed by idebenone + arginine.
In agreement with the present findings, idebenone has
been reported to preserve non-protein thiols, and inhibit
lipid peroxidation in rat brain during post-cardiac arrest reperfusion[46]. Idebenone also may indirectly reduce
oxidative brain stress by elevating nerve growth factor[47]
which acutely blocks reactive oxygen species (ROS) formation in the brain[48]. On the other hand, idebenone
treatment suppressed leukocyte-enhanced cold ischemia/
reperfusion injury of liver endothelium through almost
complete suppression of the endothelial constitutive
nitric oxide synthase mRNA expression after reperfusion[49]. Moreover, idebenone treatment reduced nitric oxide (NO) generation and apoptosis in hepatocytes treated
with toxic bile salt glycochenodeoxycholate. Acute reduction in cerebral oxygen delivery is known to lead to the
breakdown of neuronal energy metabolism[50]. Additionally, high concentrations of ROS, resulting from impaired
oxidative phosphorylation or electron leakage, eventually
leads to ATP depletion[51]; this is in contradiction with
this study in which the ATP level was markedly reduced
in hypoxic liver tissue.
On the basis of these data, we can hypothesise that the
induction of melatonin during or post hypoxia could be a
defensive mechanism by which hepatic cells contrast these
alterations. To support this hypothesis, Nagaoka et al[38]
reported that, melatonin, a lipophilic compound, acts directly or indirectly on ROS production; in fact, melatonin
can directly scavenge free radicals or it can induce antioxidant enzymes via a specific melatonin receptor. These
results could be attained in support of the presenting
results that idebenone, melatonin or idebenone + melatonin produced obvious improvement in all the measured
parameters in the the liver of hypoxic rats, with a greater
effect being seen with combined treatment. Glycogen
synthesis, which is located in cytosol, depends on the
uridine triphosphate supply and hence on ATP supplies
resulting from both mitochondrial oxidative phosphorylation and cytosolic glycolysis[3]. L-arginine has a protective
role against ROS attack due to its direct chemical interaction with superoxide anions[52]. Data from the l-arginine
treated group suggests that a pharmacologic increase in
NO levels did not exacerbate the increase in free radical
formation. In fact, a high level of NO/or l-arginine itself
in the l-arginine treated group may be protective, probably due to their ability to scavenge free radicals as well
as inhibit xanthenes oxidase (XO) enzyme[53]. Idebenone
and/or l-arginine treatment ameliorated the depleting
effect of nitrite-induced hypoxia on brain ATP content,
suggesting that their protective effect may be mediated
through improving the cerebral energy metabolism[54]. In
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addition, its role in scavenging ROS and inhibiting lipid
peroxidation could be an important factor in improving
the mitochondrial respiratory chain. Studies have shown
that under cellular low oxygen conditions idebenone
prevents the free radical damaging effect and maintains
relatively normal cell ATP levels[55]. The present data support these facts as the decrease in brain ATP content in
hypoxic rats was accompanied by a significant increase in
brain malondialdehyde (MDA) content and serum uric
acid concentrations. L-arginine supplementation has been
proven to significantly reduced the increased in cardiac
XO activity, MDA levels, and serum uric acid caused by
exhaustive exercise in rats[56].
Hepatocytes in normal rats had a normal chromatin
structure with round nuclei. The quantity and the structure of the mitochondria in the cytoplasm was normal.
Liver pathophysiology consists of many mechanisms that
have an impact on liver damage at different levels. The
morphological alterations of liver histology detected in
hypoxic rats induced severe alterations in the liver, such
as congestion, sinusoidal and lymphatic expansion, regional hepatocellular vacuolization and hepatocyte swelling. These results are in agreement with those of previous studies[10]. Liver injury was repaired when idebenone,
melatonin, arginine, idebenone + melatonin and idebenone + arginine were administered.
In accordance with previous results[57] which revealed
that melatonin exerts a beneficial role in restoring tissue
alterations after subjection to hypoxia (Figure 4).
In conclusion, a combination of idebenone + melatonin and idebenone + arginine yields significantly better
results than idebenone, melatonin or arginine alone. They
are likely responsible for liver tissue protection in hypoxic
rats through their action on NO generation, reduction
as well as scavenging of ROS, maintenance of normal
enzymatic and non-enzymatic antioxidant systems, and
improvement of energy production.
Therefore, the current findings may have important
implications in the development of therapeutic strategies
aimed at manipulating either idebenone + melatonin and
l-arginine + idebenone supplementation for amelioration
of hypoxic liver injury.
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transporter. The modulation in the expression of renal
organic anion transporters constitutes a compensatory
mechanism to overcome the hepatic dysfunction in the
elimination of organic anions.
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Abstract
Obstructive jaundice occurs in patients suffering from
cholelithiasis and from neoplasms affecting the pancreas and the common bile duct. The absorption, distribution and elimination of drugs are impaired during
this pathology. Prolonged cholestasis may alter both
liver and kidney function. Lactam antibiotics, diuretics,
non-steroidal anti-inflammatory drugs, several antiviral
drugs as well as endogenous compounds are classified
as organic anions. The hepatic and renal organic anion
transport pathways play a key role in the pharmacokinetics of these compounds. It has been demonstrated
that acute extrahepatic cholestasis is associated with
increased renal elimination of organic anions. The
present work describes the molecular mechanisms involved in the regulation of the expression and function
of the renal and hepatic organic anion transporters in
extrahepatic cholestasis, such as multidrug resistance-
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INTRODUCTION
The kidney and the liver play the major role in the elimination of drugs. No common rules exist for the preference of kidney or liver in the elimination of drugs. While
for some compounds one of these two routes is the
dominant excretory pathway, for certain other substances
both the kidneys and the liver play an important and
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overlapping role as excretory organs[1,2].
The relationship between renal and hepatic excretion
of xenobiotics depends on the integrity of the elimination mechanisms. Impairment of liver or kidney function
can be followed by compensation via the alternative elimination route, changing the relationship between renal and
hepatic excretion of drugs[1-3].
Since 1990, several membrane transport proteins
have been cloned and characterized[4-6]. Organic anion
transporters (OATs) are located in the barrier epithelia
of diverse organs, where they mediate the absorption
and excretion of a wide range of metabolites, signaling
molecules, and xenobiotics. The presence of overlapping
substrate specificities among the different OAT isoforms
suggests a possible role in remote signaling. Substrates
excreted through one OAT isoform in one organ are
taken up by another OAT isoform located in a different
organ, thereby mediating communication between different organ systems. Ahn et al[7,8] have developed a “remote
sensing and signaling hypothesis”. They suggested how
the regulation of solute carrier 22 subfamily members
(including those of the organic cation, organic carnitine,
and unknown substrate transporter subfamilies) can be
better understood by considering the organism’s broader
need to communicate between epithelia and other tissues
by simultaneous regulation of transport of metabolites,
signaling molecules, drugs and toxins.
On a mechanistic basis, cholestasis usually is divided
into “extrahepatic” and “intrahepatic” forms[9-11]. The
first refers to obstruction of large bile ducts outside the
liver, for instance due to gallstones, while the causes of
intrahepatic cholestasis lie within the liver. The main clinical manifestations and characteristics of “intrahepatic”
and “extrahepatic” cholestasis are similar[11,12]. It is possible to separate the two kinds of cholestasis by means of
a careful evaluation of clinical, serologic, and histologic
features. The mechanisms underlying the development
of cholestasis in patients can be extremely varied. Intrahepatic cholestasis has multiple causes. Among these,
familial cholestasis, drug-induced cholestasis, and many
processes that affect bile formation/excretion and finally produce cholestasis, could be cited. Obstruction
of the biliary tree due to gallstones or hepatic or biliary
tumours causes stagnation of bile flow. Actually, patients
with gallstones or tumours in the common biliary tract
generally suffer from extrahepatic cholestasis. A wellestablished model of cholestasis in rodents is obtained by
performing double ligation and division of the common
bile duct (BDL). In animal models, a decrease in bile flow
is associated in general with elevated cholestatic serum
markers, altered liver histology and changes in liver functions related to sinusoidal and canalicular transport. Indeed, prolonged cholestasis alters the liver function due
to an impaired uptake, changed biotransformation and
secretion of compounds[12]. In fact, cholestasis has been
shown to alter the transport of the bile salts and of other
organic anions[9,11,13]. Moreover, altered absorption, distribution and elimination of drugs have been described in
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this pathology[4].
In obstructive jaundice, adaptive mechanisms may
permit urinary excretion of those potentially toxic compounds that could not be eliminated by the liver because
biliary transport is impaired[4,10,11]. The modulation in the
expression of renal OATs constitutes a compensative
mechanism to overcome the hepatic dysfunction in the
elimination of organic anions.
The expression and function of several transporters in
kidneys and livers from rats with obstructive cholestasis
will be reviewed. These transport proteins are as follows:
(1) multidrug resistance-associated protein 2 (MRP2); (2)
organic anion transporting polypeptide 1 (OATP1); (3)
OAT3; (4) bilitranslocase (BTL); (5) bromosulfophthalein
(BSP)/bilirubin binding protein (BBBP); (6) OAT1; and
(7) sodium dependent bile salt transporter (ASBT).
MRP2, OATP1, OAT3, BTL and BBBP are expressed
in kidney and liver, while OAT1 and ASBT are not expressed in liver. Their membrane localization is shown in
Figure 1.

MRP2
Several members of MRP are expressed in liver and
kidney tissues[10,14]. They are known to function as ATPdependent pumps for a broad range of organic anionic
substrates. MRP2 is an efflux transporter that mediates
the transfer or translocation of a wide variety of potentially toxic endogenous and exogenous compounds,
including bilirubin, drugs, and carcinogens, in the form
of amphiphilic anionic conjugates by an ATP-dependent
mechanism[10,14]. This efflux pump is also involved in
BSP-conjugated derivatives and p-aminohippurate (PAH)
transport[15-18]. It has been localized on the apical membranes of hepatocytes, renal proximal tubular cells and
jejunal cells, and is implicated in the excretion of different organic anions[19].
During cholestasis, the canalicular conjugate export
pump MRP2 exhibits a reduced expression that may
contribute to impaired hepatic excretion of bile acids
and other biliary constituents such as conjugated bilirubin[20,21]. Thereafter, in obstructive jaundice, adaptive
mechanisms may permit the liver to adapt to the higher
burden of biliary constituents in part by altering the expression of hepatobiliary transporters. In fact, in order
to limit hepatocellular accumulation of toxic compounds,
upregulation of hepatocellular basolateral efflux pumps
have been described[10,13,22,23]. Afterwards, alternative elimination routes, such as via urine, might provide the only
pathway to excrete these compounds from the body.
Under conditions of deficient hepatobiliary secretory
function, an induction of renal proximal tubular MRP2
expression has been reported. Lee et al[13] demonstrated
an upregulation in MRP2 protein expression in kidneys as
early as one day after BDL. Moreover, renal MRP2 function has been studied by PAH clearance in a rat model of
obstructive jaundice by Tanaka et al[24]. They described a
significant increase in PAH clearance 24 h after BDL that
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Figure 1 Membrane localization of organic anion transporters in hepatocytes and proximal renal tubule cells from rat. MRP2: Multidrug resistance-associated protein 2; OATP1: Organic anion transporting polypeptide 1; OAT: Organic anion transporter; BTL: Bilitranslocase; BBBP: Bilirubin binding protein; ASBT: Sodium
dependent bile salt transporter.

was associated with high levels of renal MRP2 expression. In this study, in contrast to the liver where MRP2
protein and mRNA expression were downregulated after
BDL, the protein and mRNA expression of MRP2 were
significantly increased in the kidneys 24 h after BDL.
They proposed that the increased renal MRP2 expression
might be an alternative pathway for accelerating excretion
of bilirubin conjugates during obstructive cholestasis. In
order to gain insight into the mechanism by which BDL
affects renal and hepatic MRP2 expression they also
evaluated the effects of synthetic conjugated bilirubin,
sulfate-conjugated bile acid, human bile, and unconjugated bilirubin on human MRP2 expression in an in vitro
system using different cell lines. They described that
mRNA expression of MRP2 increased in human renal
proximal tubular epithelial cells after treatment with conjugated bilirubin, sulfate-conjugated bile acid or human
bile. On the other hand, mRNA expression of MRP2 did
not change in a human hepatoma cell line (HepG2 cells)
compared with controls after the same treatments. These
findings suggest that these substrates might regulate renal
MRP2 expression by a cell-specific mechanism.
Downregulation of MRP2 in both liver and intestine
from rats undergoing extrahepatic cholestasis might
be explained by the increased levels of the inflammatory cytokine interleukin-1β (IL-1β) observed in these
animals[20,21]. These increased levels of IL-1β would lead
to decreased binding of RARα:RXRα nuclear receptor
dimer to the promoter region of MRP2 in BDL rats,
which in turn downregulates MRP2 expression in the
liver. In contrast, BDL rats exhibited upregulation of
expression and function of MRP2 in the kidney, which
likely results from preserved levels of RARα:RXRα dimer in this tissue.
Villanueva et al[25] have reported an increased renal
tubular conversion of 1-chloro-2,4-dinitrobenzene to its
glutathione conjugate dinitrophenyl-S-glutathione (DNPSG), followed by subsequent MRP2-mediated secretion
into urine that partially compensates for altered liver
function in experimental obstructive cholestasis.
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At this point, it is noteworthy to mention that we
have found increased BSP and PAH renal excretion in
our experimental model of BDL in rats[26-28], which in
turn might be also explained by the upregulation of renal
MRP2 expression[29].
Finally, obstructive cholestasis leads to an upregulation of the apical transporter MRP2 in the kidneys that
would be involved in the increased secretion into urine
of organic anions, including BSP, PAH and DNP-SG.
The current data demonstrate the relevance of renal
elimination as an alternative pathway, particularly under
conditions of impaired hepatobiliary secretory function,
as occurs in obstructive cholestasis, for excreting those
toxic compounds that the liver could not eliminate by
itself from the body. Together, all these findings provide
further evidence that transporters are regulated in cholestatic liver disease in a manner that facilitates extrahepatic
mechanisms for organic anions excretion.

OATP1
OATP are members of a group of multispecific transporters with a wide spectrum of amphipathic substrates,
including endogenous compounds and clinically important drugs[30]. OATP1, the first member of this group of
transporters identified, was isolated from rat liver and
shown to mediate Na+-independent saturable transport
of BSP[31,32]. Nowadays, the sequences of almost 160 different members of OATP superfamily in over 25 animal
species can be found in GenBank[4].
Several members of this family of polypeptides are
expressed in liver and kidneys, among others organs.
In hepatic tissue, OATP1 is found at the basolateral
membrane of hepatocytes where it plays an important
role in the Na+-independent uptake of a wide variety of
compounds, including bilirubin, BSP and conjugated and
unconjugated bile acids[33]. In contrast, in the kidneys,
OATP1 is located at the apical membrane of the proximal tubules, specifically in the S3 segment, and has been
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that, in this pathology, Na+-independent bile salts uptake
is mediated by OATP2 and OATP4 rather than OATP1,
to compensate for its downregulation. This may be related to continuous elimination of other organic anions
which also play an important role in determining cholestatic liver injury.
We have shown that BDL rats have a higher OATP1
protein renal expression at apical membranes despite no
change in OATP1 abundance in kidney homogenates[27].
These results could suggest altered OATP1 trafficking, as
a result of an increased recruitment of preformed transporters into the membranes where they are functional,
or impairment in the internalization of membrane transporters. These results indicate that the kidneys are able to
adapt rapidly to obstructive cholestasis, since BSP renal
elimination has been shown to increase almost 30-fold
during the first day after induction of BDL. Renal adaptation to cholestasis could be due to an upregulation of
the transport capacity of OATP1 in the proximal tubules.
This increase in OATP1 protein expression at the apical
membrane of renal cells may be a compensatory mechanism for reducing injury to hepatocytes or renal epithelia
from cytotoxic substances that may accumulate in rats
with obstructive cholestasis.
It is also important to emphasize that differential processing and trafficking of the OATP1 transporter in liver
and kidney may have important functional and regulatory
consequences. A complex series of hormonal changes in
kidneys are induced in extrahepatic cholestasis[44], which
could affect OATP1 regulation. Several systemic and
local factors are produced at the same time during cholestasis, and the role of such factors in the regulation of
channels and transporters in renal cells is still unknown.
Most likely, the accumulation of bilirubin, bile acids and
other potential toxics existing in this cholestatic model
may affect transcriptional regulation (e.g., fetal transcription factor, pregnene X receptor) and post-transcriptional
regulatory mechanisms[45].
In conclusion, the presented data shows that extrahepatic cholestasis induced by BDL in the rat produces
renal OATP1 protein units redistribution into apical
membranes from renal cells[27] and a diminished OATP1
expression in the liver[33,42]. Moreover, this probable adaptation to hepatic injury, particularly in elimination of biliary components, could possibly explain, at least to some
extent, the huge increase in BSP renal excretion observed
in this experimental model.

suggested to play a role in the secretion/reabsorption of
selected anionic substrates, although its renal physiological function remains unclear[4,30,32,34]. It could participate
in the reabsorption of organic compounds that are filtered, like estradiol-17β-glucuronide, or in the secretion
process of some organic compounds that were taken up
into tubular cells across the basolateral membrane[34,35]. It
is interesting to emphasize that renal secretion of BSP, a
characteristic substrate for OATP1 transport, is negligible
in non-pathological conditions.
Regulation of OATP1 expression and function occurs
at both transcriptional and post-transcriptional levels,
being tissue specific. Higher OATP1 renal expression in
males than in females has been demonstrated in rodents
probably as a result of testosterone stimulation and estrogen inhibition. On the other hand, hepatic OATP1
expression is not influenced by sex hormones[10,34,36,37].
Phosphorylation of this transporter, in serine residues, by
extracellular ATP produces its functional down regulation[38,39]. In addition, protein kinase C (PKC) activation
leads to a decreased transport of estrone-3-sulfate in
OATP1 expressing X. laevis oocytes[33,40].
The consequences of cholestasis, produced by BDL,
are hepatic and systemic accumulation of potentially
toxic biliary compounds, which are associated with progressive liver damage and jaundice[41]. OATP1 hepatic
mRNA and protein expression are downregulated in this
pathology, with a less pronounced decrease in mRNA
expression. This could be due to OATP1 protein having
a longer half-life than its mRNA, but the occurrence of a
post-transcriptional mechanism cannot be dismissed[33,42].
It has been proposed that the observed OATP1 downregulation could be due, at least in part, to a toxic effect
of bile constituents retained in the hepatocyte. It was also
proposed that this phenomenon might be explained as
a protective feedback mechanism to prevent uptake of
possible hepatotoxic bile constituents[42]. In this model,
the hepatic mRNA expression levels of cytochrome
P450, transporters and conjugation enzymes were found
altered. It has been suggested that increased bilirubin and
fatty acid levels produced in cholestasis could modify the
mRNA and protein levels of the constitutive androstane
receptor and peroxisome proliferator-activated receptor
α in the nucleus, altering the mRNA expression of several transporters, like OATP1[43].
In obstructive cholestasis, several proinflammatory
cytokines are released in the organism, such as tumor necrosis factor α (TNF-α) and IL-1β. Cytokine-inactivation
studies have demonstrated the existence of a TNF-αdependent signaling pathway that mediates the downregulation of the OATP1 gene, at mRNA and protein
levels[33].
Geier et al[33] also found unaltered kinetic parameters
in Na+-independent bile salts (cholate and taurocholate)
uptake in the presence of decreased OATP1 expression
in extrahepatic cholestasis. In addition, they found that
other sinusoidal OATPs, OATP2 and OATP4, have preserved expression in cholestatic hepatocytes, suggesting
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OAT3
Human and rat OAT3 is expressed primarily in the kidneys and to a lesser extent in the brain. In rats, OAT3 is
also found in the liver[46]. In the kidneys, immunohistochemistry studies showed that OAT3 protein is localized
at the basolateral membrane of proximal tubule cells[47,48].
Rat OAT3 was also observed in cortical and medullary
thick ascending limb of Henle’s loop, connecting tubules,
and cortical and medullary collecting ducts[49]. OAT3 was
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characterized as an organic anion/dicarboxylate exchanger[50,51]. This protein has the ability to transport PAH,
estrone sulfate (ES), ochratoxin A, estradiol glucuronide,
benzylpenicillin, cimetidine, glutarate and taurocholate.
Although the selectivity of OAT3 overlaps that of OAT1,
the affinity for the different substrates could permit discrimination between both transporters. Several studies
demonstrated that ES is a specific substrate for mammalian OAT3 with moderately high affinity, whereas OAT1
interacts little with ES[52-55]. Accordingly, ES is frequently
used as a test substrate for OAT3 activity. Sweet et al[56]
reported reduced uptake of PAH, ES, and taurocholate
in renal cortical slices and nearly complete inhibition of
transport of the fluorescent organic anion fluorescein in
intact choroid plexus in OAT3 knockout mice.
The effects of obstructive cholestasis on the cortical renal expression of OAT3 and the consequences of
these effects on the pharmacokinetics and renal excretion
of PAH and furosemide (FS) were described by Brandoni et al[26,57] employing male Wistar rats. Results showed
that rats at 21 h after BDL exhibit an enhanced systemic
and renal clearance of both PAH and FS. At variance
with OAT1 expression (as described below), Western
blotting studies showed that OAT3 protein expression
was increased significantly only in homogenates and not
in basolateral membranes from renal cortex in BDL rats.
These results were confirmed by immunohistochemical
techniques. The upregulation observed for both OAT1
and OAT3 in this model of acute jaundice, could explain,
at least in part, the increased systemic and renal elimination of PAH and FS. In addition, the production of various cytokines and growth factors that may affect gene
transcription is associated with extrahepatic cholestasis[58].
The function and expression of OAT1 and OAT3
were also studied by Brandoni et al[59] after 3 d of biliary
obstruction. It was well documented that serum bile acids
and bilirubin levels reach a peak after 3 d of BDL[13,24,60].
A significantly lower renal clearance of PAH was observed after this period of time in rats with obstructive
jaundice. In contrast to OAT1, OAT3 was increased both
in homogenates and basolateral membranes from renal
tissue after 3 d of BDL. As well as OAT1, both human
and rat OAT3 transport PAH with relatively high affinity
(87 μmol/L and 65 μmol/L respectively)[6,47,61,62]. On the
other hand, it was described, using in vivo and in vitro techniques, that OAT3 but not OAT1 has as substrates ES,
cholate, and taurocholate[6,47,56,61-63]. Furthermore, whereas
OAT1 is limited to proximal tubules, OAT3 is expressed
in different parts of the nephron [48]. In extrahepatic
cholestasis, the high plasma levels of bile acids compete
with PAH for OAT3 transport, therefore, upregulation
of OAT3 does not compensate for the downregulation
of OAT1 in PAH transport[59,64]. The expression of a
number of genes implicated in the transport of bile salts
is regulated by bile acids[65,66]. In this sense, and as another
example of substrate-specific regulation, it is possible
that OAT3 overexpression would be regulated by high
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bile acid levels, while OAT1 expression would be downregulated.
Urinary excretion is the principal route of excretion
of bile acids in obstructive jaundice. It was found that
OAT3 mediated the renal secretion of bile acids such
as cholic acid, glycocholic acid and taurocholic acid,
which are mainly increased during cholestasis[55,67].The
pharmacokinetic profile of its substrates could also be
affected by cholestasis[67]. Eisai hyperbilirubinemic rats
(EHBR) are mutant rats lacking MRP2. Serum and urinary concentrations of total bile acids in EHBR rats are
higher than those in wild-type Sprague-Dawley rats. It
was described that OAT3 protein in renal plasma membranes was overexpressed in EHBR rats whereas OAT1
expression was unchanged. In addition, rat and human
OAT3 transport activities are notably inhibited by diverse
bile acids such as chenodeoxycholic acid and cholic acid
but OAT1 is not. Cefotiam is also a specific substrate for
OAT3. Some authors found that cefotiam clearance was
reduced in EHBR despite upregulation of OAT3. This
may be due to the inhibition of cefotiam transport via
OAT3 by elevated serum bile acids. In summary, these
results suggested that renal OAT3, but not OAT1, plays a
critical role in the adaptative responses to the renal handling of bile acids in cholestasis.
Northern blot analyses demonstrated that OAT3
mRNA is expressed in rat liver, although such expression
is not detected in mouse liver[56,68]. Nevertheless, Buist
et al[69], using branched DNA analysis, reported hepatic
OAT3 mRNA expression in mice. In addition, gender
differences in OAT3 mRNA expression in liver tissue
were shown in both mice and rats[56,69,70]. It was described
also that the hepatic isoform of OAT3 may be the major
contributor OAT in the basolateral uptake of organic anions in rats[71]. Human OAT3 messenger is not expressed
in liver.
We have observed in liver plasma membranes from
rats with acute obstructive jaundice of 21 h, no differences in OAT3 protein expression when compared with
sham rats[72].
All these results might suggest the involvement of
different regulatory mechanisms for OATs in obstructive
cholestasis. To minimize liver injury, adaptive or protective responses to damage in the hepatobiliary transport
of organic anions would appear, or reduced uptake into
hepatocytes or enhanced efflux into the circulation. The
observed changes could respond to increased intracellular
levels of compounds that are normally excreted in the
bile duct or to alterations in the levels of cytokines and
other mediators in the liver, as previously described[13,73,74]..
To summarize, OAT3 could play a considerable
pathophysiological role in protecting tissues from cholestatic damage by stimulating the renal secretion of bile
acids. Indeed, ursodeoxycholic acid (UDCA) has been
introduced as cholestatic liver disease therapy[75]. It is possible that increased serum bile acids and/or administration of UDCA could influence the tubular secretion of
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anionic drugs via OAT3 as was evidenced for cefotiam.
Therefore, more attention should be paid to prevent the
occurrence of drug interactions or drug-induced toxicity.

rat liver and described as an organic anion carrier protein
involved in the well-known sodium-independent hepatic
uptake of BSP and bilirubin[80-83]. BBBP exhibits electroneutral transport as indicated by experiments in liver
plasma membrane vesicles. In kidneys, BBBP has been
localized in both apical and basolateral membrane domains, being implicated in PAH tubular transport[84].
In rats with obstructive cholestasis, we have found
an increased expression of BBBP in homogenates and
in basolateral membranes from kidney cortex with no
change in its apical membrane expression[29,85,86]. These
results might suggest an increase in the synthesis or a
decrease in the degradation of this membrane transporter, while the trafficked protein would be preferably
directed to the basolateral domain as no changes have
been observed in the protein expression of BBBP in the
apical membrane. As a consequence of hepatic function
impairment, alterations in the renal elimination of organic anions were observed. Connected to this, we have
also demonstrated a significant increase in renal excretion
of two different organic anions in rats with extrahepatic
cholestasis, BSP, an organic anion mainly excreted by the
liver and PAH, an organic anion mainly excreted by the
kidney. These observations could be explained, at least
in part, by the higher basolateral membrane expression
of BBBP described in this experimental model of acute
cholestasis[29,85,86].
As has already been mentioned, BBBP is a protein
isolated from the sinusoidal membranes of rat liver. In
liver plasma membranes from rats with extrahepatic
cholestasis of 21 h, we have demonstrated no difference
in BBBP abundance compared to sham animals[85,86].
Modifications in hepatic excretion of organic anions have
been demonstrated in rats with extrahepatic cholestasis[9,10,13]. However, BBBP might not be involved in this
observation since no change in its abundance was found
in this experimental model in rats.
To this extent, it is noteworthy to remark on the relevant role of this kind of transporter, such as BBBP, in
renal elimination of those organic anions excreted mainly
by the liver, in the presence of obstructive cholestasis. In
fact the increased renal abundance of the organic anion
carrier BBBP, observed in rats with obstructive jaundice,
might improve renal capacity to eliminate distinct negatively charged compounds, especially those that could not
be removed by the liver.

BTL
BTL is a bile pigment transporter that was originally isolated from rat livers[18,76]. It is also expressed in kidney and
stomach. BTL mediates the electrogenic hepatic uptake
of cholephilic organic anions, such as BSP and thymol
blue, the tetrapyrrole bilirubin, and flavonoids (the anthocyanin malvidin 3-glucoside and the flavonol quercetin)[18]. BTL has been demonstrated to be involved in the
renal transport of BSP, bilirubin and anthocyanins[77,78].
In this way, BTL contributes to the hepatic and renal
excretion of exogenous organic anions (such as BSP),
endogenous metabolites (such as bilirubin) and anthocyanins (flavonoid-based pigments present in fruits and vegetables used in the human diet, which have been reported
to be positively implicated in human health[18,78]).
The protein expression and the functional activity of
BTL was evaluated in rats with an early phase of acute
extrahepatic cholestasis (21 h post BDL), by Western
blotting and by measuring BSP electrogenic uptake,
respectively, in liver plasma membrane and in renal basolateral membrane vesicles[28]. No modifications were
detected in BTL protein expression and in its activity in
liver plasma membrane vesicles from BDL rats. In contrast, extrahepatic cholestasis caused a marked increase in
renal BSP uptake, which was due to an increase in Vmax
(capacity). The difference in Vmax suggests that a higher
number of functional carrier units exists in renal basolateral membrane vesicles from BDL rats, which is in
agreement with the higher expression of BTL detected
in renal basolateral membranes. BDL rats have a higher
renal expression of BTL at the basolateral membranes
despite no change in kidney homogenates. This suggests
an impairment in BTL trafficking.
These results suggest that the complex series of
hormonal changes induced in kidneys by extrahepatic
cholestasis[44] might influence the regulation of BTL. The
characteristic accumulation of bile acids, bilirubin, and
other potential toxins in cholestasis may affect transcriptional and posttranscriptional regulatory mechanisms[33,79]
of BTL in kidneys. In this connection, as has been mentioned earlier, bilirubin, sulfate-conjugated bile acid and
human bile upregulate the expression of MRP2 in renal
tubular cells but not in liver cells[24].
In summary, the higher expression and function of
BTL observed in renal basolateral membranes from rats
with obstructive cholestasis may also contribute to the
marked increase in BSP renal excretion described in this
experimental model. This would be another compensatory mechanism to overcome the hepatic impairment in
the excretion of organic anions.

OAT1
OAT1 is a key organic anion/α-ketoglutarate exchanger[48,87]. OAT1 is expressed predominantly in the kidneys,
and weakly in the brain, and no expression has been
described in the liver[52,53,55,64]. This protein has been immunolocalized at the basolateral surface of the proximal
tubule. OAT1 mediates the transport of many compounds
(dicarboxylates, nucleotides, prostaglandins, antivirals, loop
and thiazide diuretics, β-lactam antibiotics, non-steroidal
anti-inflammatory drugs, including the prototypical substrate of the classical pathway, PAH)[53,55]. Eraly et al[63] have

BSP/BBBP
The transporter protein BBBP has been isolated from
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generated a colony of OAT1-knockout mice, permitting
the elucidation of the role of OAT1 in the context of
other potentially functional transporters. They found that
the knockout mice manifested a profound loss of organic
anion transport (e.g., PAH) both ex vivo (in isolated renal
slices) as well as in vivo (as indicated by loss of renal secretion). The loss of renal secretion in knockout animals
resulted in impaired diuretic responsiveness to furosemide[63]. These results indicate an important role for the
OAT1 transporter in the handling of organic anions by
the classical pathway.
It has been reported that upregulation of OAT1
protein expression in rats at an early phase of acute obstructive cholestasis might explain the increased renal
elimination of PAH and FS[57]. We have also reported
an increase in the systemic clearance of PAH associated
with an increase in the abundance of OAT1 in renal cortex homogenates in rats during the early phase of acute
extrahepatic cholestasis[26,88].
FS is a loop diuretic secreted through the organic anion transport system. The capacity of the organic anion
transport system to secrete a diuretic determines its intraluminal concentration, which is decisive of the diuretic
activity. OAT1 and OAT3 are responsible for FS delivery
to its site of action, since these proteins are involved in
the renal tubular secretion of this diuretic[55,89]. The protein expression of OAT1 was significantly increased both
in cortical homogenates and in basolateral membranes
from kidneys after 21 h of BDL[26,57]. In fact, clearance
and urinary excretion of PAH were both higher in BDL
rats. Connected to this, PAH uptake rate[57] was increased
in basolateral membrane vesicles from BDL rats. OAT1
upregulation was also associated with a concomitant increase of systemic and renal FS clearance.
Similar studies were performed by Brandoni et al[59]
after 3 d of obstructive cholestasis (the peak of elevation of serum bile acids and bilirubin). After this time,
BDL rats displayed a decrease in the renal elimination of
PAH. OAT1 protein expression in kidney homogenates
was not modified, but was decreased in basolateral membranes. This study demonstrated, once more, the key role
of OAT1 expression in the impaired elimination of PAH
after 3 d of BDL. So, the evolution time of obstructive
cholestasis has an important impact in the regulation of
OAT1.
It has been described that bile acids and high bilirubin
levels can activate PKC[55,90]. We therefore postulate that
the peak of elevation of bile acids and bilirubin (demonstrated after 3 d of BDL) can also trigger PKC activation.
It has been described that PKC induces OAT1 downregulation through carrier retrieval from the cell membrane.
This PKC activation may cause the phosphorylation of
caveolin-2, which may induce the internalization of caveolae with OAT1 protein anchored with caveolin, as has
been described by Kwak et al[91].
In summary, in this experimental model during an
early phase of acute extrahepatic cholestasis where no
evident renal cell injury exists yet, OAT1 upregulation as-
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sociated with an increase in renal organic anion elimination was demonstrated. The protein expression of OAT1
was significantly increased both in cortical homogenates
and in basolateral membranes from kidneys after 21 h of
BDL, which might suggest an increase in the synthesis
or a decrease in the degradation of this membrane transporter. In this experimental model, OAT1 upregulation
may occur in order to enhance renal secretion of toxic
compounds that are not eliminated by the liver in a pathological state. Connected to this, Tanaka et al[24] found
that bilirubin ditaurate, sulfate conjugated bile acids, and
some components of human bile upregulate the expression of MRP2 in human renal tubular cells. Moreover, we
found an increased 3H-PAH uptake by S2 cells expressing
OAT1 incubated with bilirubin ditaurate[92].
Contrary to what has been described in an early phase
of acute extrahepatic cholestasis, OAT1 expression significantly decreased in the basolateral membranes from
kidneys after 3 d of BDL[59]. It has been suggested that
there is an increase in the internalization of membrane
transporters or an inhibition in the recruitment of preformed transporters into the membranes. This study
stressed, once more, the critical role of OAT1 renal expression in the excretion of organic anions, such as PAH,
in a model of extrahepatic cholestasis in rats.

ASBT
ASBT is expressed in the ileum, in the cholangiocytes
and in the kidneys[93-96]. Bile acids, after secretion with bile
into the small intestine, are nearly completely reabsorbed
in the terminal ileum. They return with the portal venous
blood to the liver where they are taken up and re-secreted
into the bile. About 10%-50% of the reabsorbed bile
acids avoid hepatic uptake and enter in the peripheral
circulation. Around 10%-30% of the bile acids, present
in the blood plasma, are subject to glomerular filtration.
Urinary excretion of bile acids is much smaller than the
amount filtered due to the tubular reabsorption of the
filtered bile acids[10,97]. Thus, the kidneys also take part
in the recirculation process and aid conservation of bile
acids. Tubular reabsorption of bile acids is accomplished
by ASBT, which is expressed in the apical membrane of
proximal tubule cells[95,96].
Lee et al[13] have described decreased taurocholate tra
nsport in brush border membrane vesicles derived from
rat kidneys after 14 d of BDL. The reduced taurocholate
uptake was associated with a reduction of renal ASBT
protein expression.
After one day of obstructive cholestasis, Schlattjan et al[98]
demonstrated reduced taurocholate transport in proximal tubular cells without changes in the amount of the
transport protein in these cells. The diminished taurocholate transport in this early phase of cholestasis may
be mediated by a change in the phosphorylation status
and hence the activity of ASBT and/or by a redistribution of the transporter between the plasma membrane
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REVIEW

Current concepts in hepatic resection for hepatocellular
carcinoma in cirrhotic patients
Alessandro Cucchetti, Matteo Cescon, Franco Trevisani, Antonio Daniele Pinna
patic resection in relationship with tumor burden were
compared with those of available competing strategies,
namely, radiofrequency ablation for early stages, and
trans-arterial chemoembolization for intermediate and
advanced stages. Finally, the choice for anatomical
versus non-anatomical, as well as the role of laparoscopic approach, was overviewed. The literature review suggests that partial hepatectomy for HCC should
be considered in the context of multi-disciplinary
evaluation of cirrhotic patients. Scientific research on
HCC has moved, in recent years, from surgical therapy
toward non-surgical approaches and most of the literature regarding topics debated in the present review
is represented by observational studies, whereas very
few well-designed randomized controlled trials are currently available; thus, no robust recommendations can
be derived.
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Abstract
Hepatocellular carcinoma (HCC) is one of the most
frequent neoplasms worldwide and in most cases it is
associated with liver cirrhosis. Liver resection is considered the most potentially curative therapy for HCC
patients when liver transplantation is not an option or
is not immediately accessible. This review is aimed at
investigating the current concepts that drive the surgical choice in the treatment of HCC in cirrhotic patients;
Eastern and Western perspectives are highlighted. An
extensive literature review of the last two decades
was performed, on topics covering various aspects of
hepatic resection. Early post-operative and long-term
outcome measures adopted were firstly analyzed in an
attempt to define an optimal standardization useful for
research comparison. The need to avoid the development of post-hepatectomy liver failure represents the
“conditio sine qua non” of surgical choice and the role
of the current tools available for the assessment of
liver function reserve were investigated. Results of he-
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INTRODUCTION
Hepatocellular carcinoma (HCC), the most common primary malignancy of the liver, represents the fifth most
common cancer in men and the seventh in women[1].
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The incidence of HCC varies widely in the different
geographic areas according to the regional variations
in exposure to risk factors for this tumor[1-14]. Overall,
75%-80% of HCCs are attributable to chronic hepatitis
B virus (50%-55%) or hepatitis C virus (25%-30%) infections[3-7]. Chronic alcohol abuse, obesity, and diabetes
have also been recognized as important risk factors, as
well as hereditary hemochromatosis, primary biliary cirrhosis and several hereditary metabolic conditions[8-14]. In
all etiologies there is a male gender predominance[1,8-14].
Most HCCs ensue in a cirrhotic liver, although the association rate between cirrhosis and HCC may range from
60% up to 90% in relation to the relative prevalences of
the risk factors, that greatly differ worldwide[5].
Risk stratification has been proposed to identify
patients who benefit from surveillance for HCC occurrence[5,13]. Indeed, surveillance can detect the tumor at
early stages, amenable to curative treatments. The increasing use of surveillance in clinical practice and the
advancements in diagnostic ability achieved in the last
decades have greatly improved HCC management and
patient survival[15,16]. Liver resection still remains a mainstay of HCC treatment, being a potentially curative approach not only for early stage HCCs but also for some
lesions not amenable to liver transplantation. Thanks to
the considerable improvements in surgical techniques
and perioperative care, the rates of death and complications after liver resection have remarkably decreased
over time, giving added value to this procedure[17,18]. In
addition, the long-term survival after liver resection has
been improved by the increased accuracy in detecting
recurrences at early stages and the availability of potentially curative approaches even for patients no longer
amenable to surgical re-treatment[19]. The present review
examines concepts driving the therapeutic choice for
HCC toward hepatic resection in cirrhotic patients, and
its results in both the Western and Eastern world.

an unselected population including patients with primary
and secondary liver tumors undergoing elective surgery
(12% only with cirrhosis), the authors observed that the
association of prothrombin time < 50% and serum total
bilirubin > 50 μmL/L (2.9 mg/dL) on post-operative
day 5 was a strong predictor of mortality (“50-50 criteria”). Namely, patients who met this criterion had a 59%
early postoperative mortality rate, compared with 1.2%
found in their counterparts. The usefulness of such a
definition is boosted by the selection of simple and objective criteria, while its drawbacks are: (1) the lack of a
grading system able to segregate several strata at increasing death risk; and (2) the late identification (only on
post-operative day 5) of a category with a huge mortality
rate. Thus, PHLF definition needs to be better graded
and detected earlier to be of clinical utility.
In 2010, the International Study Group of Liver
Surgery performed an extensive literature search and
proposed to define post-hepatectomy liver failure as “the
impaired ability of the liver to maintain its synthetic,
excretory, and detoxifying functions, which are characterized by an increased international normalized ratio
and concomitant hyperbilirubinemia (according to the
normal limits of the local laboratory) on or after postoperative day 5”[20]. On the basis of this definition, the
severity of PHLF should be graded based on its impact
on clinical management (as the Dindo-Clavien classification[32]): grade A requires no change of the patient’s clinical management; grade B needs the clinical management
of patients to deviate from the regular course but not to
require invasive therapy; grade C claims invasive treatment, for example liver transplantation[20]. Such a grading system overcomes the 50-50 criteria limits and well
depicts the post-surgical course of patients; however, it
is not liver specific, also being influenced by non-hepatic
complications.
Long-term outcome measures
When selecting endpoints for studies, it should be
considered that cirrhotic patients with HCC represent
a peculiar oncologic category as their prognosis relies
not only on the tumor burden but also on the severity
of underlying liver disease. According to the guidelines
released by the Panel of Experts in HCC-Design Clinical Trials, overall survival should be considered as the
primary end-point for phase Ⅲ trials[33]. The document
discourages the use of cancer-related mortality since it
is a more subjective endpoint, particularly in HCC patients, in whom it can be difficult to ascertain the role
played on mortality by the concurrent cirrhosis. Since
the high rate of HCC recurrence is the main factor affecting survival after partial hepatectomy, many studies
report composite endpoints including this adverse event,
such as disease-free survival. However, such a composite endpoint can make the results unreliable because
imbalance between groups in deaths, resulting from the
natural history of cirrhosis, can mask the real benefit

SELECTING ADEQUATE OUTCOME
MEASURES
Early outcome measures
The most feared complication of hepatic resection is the
development of post-hepatectomy liver failure (PHLF)
which is the main cause of perioperative mortality. Currently, there is no standardized definition of PHLF that
allows an unequivocal comparison of results from different studies[20]. This can explain, at least in part, the
great variability of PHLF incidence, ranging from 1.2%
to 32%, although differences in populations and surgical
procedures may have contributed to this disparity[21-28].
The analysis of the postoperative course of liver tests
demonstrates that serum bilirubin and INR ordinarily
return within the normal range on postoperative day 5,
including patients who have undergone major resections
and those with cirrhosis[29,30]. A first attempt to standardize the definition of PHLF was made by Balzan et al[31]. In
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provided by surgery (type Ⅱ error). Therefore, diseasefree survival should be considered as a tertiary endpoint (indirect surrogate), and its use as main endpoint
necessarily implies a restrictive selection of patients with
well-preserved liver function to minimize the impact of
death unrelated to tumor progression[33]. As mentioned
above, tumor recurrence represents the main obstacle in
achieving better results from hepatic surgery and recent
efforts were directed toward adjuvant therapies aimed at
reducing such an event[34-36]. In these scenarios, time-torecurrence or recurrence-rate can be used as primary and/or
secondary end-points for phase Ⅱ and Ⅲ HCC studies
assessing the outcome of hepatic resection and the utility of such therapies, such as sorafenib, capecitabine or
interferon-based therapies[34-36]. Even if there is currently
no high level evidence for efficacy of any adjuvant protocols proposed until now, the correct choice of clinical
endpoints is essential to detect an actual treatment advantage[37].

predicting surgical risk in the non-transplant setting has
provided good results, and it may thus ultimately supplant the CTP classification as the method for determining surgical risk. Evidence has been provided that good
candidates for partial hepatectomy should have a MELD
score ≤ 10[23,41-43]. These patients will not experience
mortality or post-hepatectomy liver failure and will have
very low morbidity. Above this threshold, the morbidity
rate is very high (up to 50%), with an unacceptable probability of developing irreversible hepatic failure (up to
15%) and dying (up to 29%)[23,41-43]. Thus, patients with
a MELD score > 10 should be considered for hepatic
resection only in the setting of salvage transplantation[23].
The pros of adopting the MELD score are represented
by the fact that it does not require any extra-routine
evaluation; the cons are represented by the fact that this
score, being developed on a population quite different
from surgical series[39], requires further validation before
being universally adopted in this setting.

ASSESSMENT OF LIVER FUNCTION
RESERVE

Indocyanine green clearance test
The indocyanine green (ICG) clearance test is a popular
liver function test in Asia. The cut-off of ICG retention
rate at 15 min (ICGR-15) after intravenous injection of
the dye that allows safe major hepatectomy is 14%[44]. Indeed, the safe cut-off value for major hepatectomy can
be pushed to 17% and to 22% for minor hepatectomy;
limited resection may be allowed for ICGR-15 values up
to 40%[45-47]. However, these suggested thresholds derive
from populations including cirrhotic and non-cirrhotic
patients[45-47] and to what extent these cut-offs are applicable to cirrhotic patients remains unsettled. The ICG
test may overcome the above mentioned drawbacks
of the CTP score system. Indeed, about 65% of CTP
class B patients have been shown to have an ICGR-15
< 22%[48]; thus, the evaluation on the basis of the ChildPugh classification only would lead to the exclusion of
a large proportion of CTP B patients from surgery[47].
The ICG R15 was recommended (grade B strength)
for assessing liver function before surgery in the recent
Japanese evidence-based clinical guidelines for the treatment of hepatocellular carcinoma[49]. Indeed, ICGR-15
is easily applicable to all patients, and represents a routine exam in Eastern countries. Nevertheless, this test is
unpopular in Western countries, and this drawback limits
the reliability of its results in a clinical scenario where
higher proportions of hepatitis C infected and cirrhotic
patients can be expected as compared with Eastern
countries.
In the setting of hepatic resection, there is no study
that compared the utility of MELD score and ICGR-15,
or challenged their combination against each single test.
A recent report, comparing MELD score and ICGR-15
in the prognosis of a cohort of 395 cirrhotic patients
not undergoing surgery, suggested that ICG half-life was
the most accurate in predicting survival[48]. This result
was at variance with a smaller study conducted on 90

HCC ensued in a cirrhotic liver represents an extremely
heterogeneous clinical condition in which several treatments may potentially be considered, according to the
tumor stage and liver function[38]. The assessment of
the latter is therefore essential in selecting the optimal
strategy to adopt. The estimation of hepatic functional
reserve before liver surgery is aimed at achieving proper
patient selection and predicting, on an individual basis,
the safety limit of the parenchymal resection. This may
be performed with different tools.
Child-Turcotte-Pugh classification
The Child-Turcotte-Pugh (CTP) score is a simple system
for grading liver function based on five easily measurable
variables and has been considered a gold standard for
more than four decades for selecting candidates for surgical resection. Indeed, there is general agreement that,
in cirrhotic patients belonging to CTP class A, surgical
resection can be safely performed. However, even ChildPugh class A patients may develop hepatic decompensation following surgery due to limited functional hepatic
reserve[21,23,26]. Thus, the CTP score is not able to identify,
among class A patients, those with an elevated risk of
post-surgical liver failure, a drawback that can be defined
as a “floor effect”. Other tools for assessing the underlying liver disease of candidates for surgery are therefore
proposed.
Model for end-stage liver disease score
The model for end-stage liver disease (MELD) score was
developed for survival prediction of patients undergoing
the transjugular intrahepatic portosystemic shunt procedure[39] and has been principally adopted for selecting patients for liver transplantation[40]. The use of MELD for

WJG|www.wjgnet.com

6400

November 28, 2012|Volume 18|Issue 44|

Cucchetti A et al . Partial hepatectomy for HCC

patients with decompensated cirrhosis reporting a better
prognostic accuracy of the MELD score[50]. Comparative data on MELD and ICGR-15 in the field of hepatic
resection are warranted.

not well established. Very few studies, all published in the
1990s, investigated the prognostic role of future remnant
liver (FRL) volume in cirrhotic patients. Shirabe et al[60]
analyzed 80 patients with chronic liver disease (50%
cirrhotics) who underwent major liver resection and
showed that all liver failure-related deaths occurred in
patients with a FRL volume < 250 mL/m2. The authors
therefore concluded that this FRL volume may be considered the safe limit for major liver resections.
More recently, most studies and treatment algorithms
have been focused on the extension of hepatectomy as a
surrogate of the FRL volume. A decision tree for hepatectomy procedure, very popular in Japan, has been proposed by Makuuchi et al[61]. This surgical algorithm has
indeed improved the operative mortality and morbidity
in HCC patients. The decision tree in based on 3 variables: absence/presence of ascites, serum bilirubin level
and ICGR-15. Patients with ascites or high bilirubin level
are considered not candidates for hepatic resection. In
the remaining cases, the maximal extent of hepatectomy
is calculated according to the ICGR-15 value as previously reported. Using this decision tree, a post-operative
mortality close to zero has been reported [61-63]. Thus,
the ICGR-15 test might be useful for discriminating
good and poor risk CTP A patients. There is also some
evidence that the MELD score could be used to guide
the extent of hepatectomy[43]. In particular, data from
a Western dual-center study suggest that patients with
MELD score < 9 could be safely submitted to major
hepatectomy with a risk of PHLF below 1%, and that
serum sodium can add some information for cases with
borderline MELD values (9 and 10): in the presence of
a value < 140 mmol/L, resection should be limited to
segmentectomy or wedge resection[43].

Hepatic vein portal gradient
The presence of clinical signs of portal hypertension
implies a more advanced liver disease and, consequently,
a poorer long-term outcome after hepatic resection. The
Barcelona Clinic Liver Cancer (BCLC) group recommends hepatic resection only in patients without clinically significant portal hypertension, i.e. with a hepatic
vein portal gradient (HVPG) < 10 mmHg[13]. This is
supported by data obtained in a small cohort (77 patients) studied in the 1990s[51] and without external validation until recently[52]. Data from 39 patients, 46% of
whom with cirrhosis, undergoing hepatic resection after
HVPG measurement showed a higher incidence of postoperative liver dysfunction and ascites in patients with
HVPG > 5 mmHg[52]. However, the small sample size
and the proposed HVPG cut-off, that is roughly equivalent to the lowest value observed in cirrhotic patients of
6 mmHg[53], do not help in clarifying the true usefulness
of HVPG in the selection of candidates for hepatic resection. It can be said that the HVPG measurement can
probably select surgical candidates, belonging to CTP
class A, with a very low probability of post-operative hepatic decompensation; however, the drawback is represented by the exclusion of patients that can still benefit
from surgery. In fact, there is growing evidence, coming
from large Western[54,55] and Eastern series[56], that the
presence of clinical signs of portal hypertension does
not affect early postoperative and long-term survival in
selected patients.
The BCLC group defines clinical signs of portal
hypertension as the presence of esophageal varices at
endoscopy or splenomegaly (major diameter > 12 cm)
with a platelet count < 100  000/mm3 and, for these authors, the detection of these signs should contraindicate
hepatic resection[57]. In keeping with modern Western
and Eastern perspectives, the presence of portal hypertension should not be considered an absolute contraindication for hepatic resection in patients with well compensated cirrhosis, belonging to Child-Pugh A or with a
MELD score < 10[54,55]. In fact, complications associated
with portal hypertension, such as bleeding from variceal
rupture and hemostatic disorders caused by thrombocytopenia, can be safely managed by applying appropriate
pre- and peri-operative treatments[28,58].

Other liver function tests
Several other quantitative estimations of liver function,
based on the hepatic clearance of substrates, have been
proposed to predict the outcome of resection. Substrates include lidocaine, galactose, aminopyrine, amino
acid and methacetin. Such tests have not been shown to
be superior to the ICG clearance test in predicting liver
failure or complications after surgery, and have never
been compared to HVPG or MELD score[47].
There is an interesting seminal experience, conducted
on 72 patients, regarding the predictive role of transient
elastography[64]. The stiffness cut-off selected by receiver
operating characteristics (ROC) curve analysis was 25.6
kPa, which gave the best statistical accuracy (sensitivity
71.4%; specificity 88.6%; positive predictive value 55.6%;
negative predictive value 93.9%). It should be noted
that the positive predictive value was quite low, whereas
the negative predictive value was very high. Thus, liver
stiffness would adequately identify patients who will not
develop post-operative hepatic insufficiency while it has
a suboptimal ability in identifying patients that should be
excluded from surgical option because of a high risk of

Future remnant liver volume and extension of
hepatectomy
There is general agreement that, for patients without
chronic liver disease, the minimal residual liver volume
able to prevent severe postoperative hepatic dysfunction
ranges from 20% to 30%[59]. Conversely, the safe limit
for liver resection in chronic liver disease and cirrhosis is
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post-hepatectomy failure. In this series, the area under
the ROC curve of liver stiffness measurement was not
statistically higher than that of ICGR-15, probably as
a consequence of large confidence intervals. Given the
increasing interest in elastography in relationship with
different outcomes of cirrhotic patients, a possible role
in pre-operative evaluation of surgical candidates seems
reasonable[65].

tients) and percutaneous treatments (71 patients), with
4-year survival rates of 68% and 64%, respectively (5-year
survival rates were not reported)[71]. Also, DFS was not
affected by the treatment adopted either in the whole
population or in the subgroups of patients with tumors
< 3 cm and between 3.1 cm and 5 cm[71]. The second
RCT was conducted on 230 patients with HCC meeting
the Milan criteria, 6.1% of whom belonging to CTP class
B[72]. The authors found that resection (115 patients) was
significantly superior to RFA (115 patients) in terms of
both 5-year survival (75.7% vs 54.8%, respectively) and
5-year recurrence-free survival (51.3% vs 28.7%), and this
was confirmed in post-hoc analyzes focused on individuals with solitary HCCs ≤ 3 cm, those between 3.1 and
5 cm, as well as with multifocal tumors[72]. Thus, the two
RCTs provide conflicting results making it impossible to
propose robust recommendations. Nevertheless, when
observational studies are also considered, a trend seems
to emerge toward better overall and disease-free survivals after resection. In fact, the 5-year survival rate of
surgical patients with early HCC can be estimated to be
around 70% while the rate of those submitted to RFA
is around 60%; the difference is much more striking for
the 5-year DFS, the figures being around 60% and 20%,
respectively[69,70]. However, the considerable heterogeneity among studies regarding both patient selection and
results does not make it possible to reach definite conclusions on this topic. Pertinently, it should be noted that
a recent multicenter prospective cohort study, in patients
with a single tumor ≤ 2 cm and potentially amenable to
hepatic resection, reported a complete response (without
local recurrence) in 97% of cases after RFA, and a 5-year
survival rate up to 75%[73]. In another study considering
104 of these patients, the 5-year survival rate achieved
with resection and RFA was excellent (> 80%) and
equivalent after correction to the one-to-one propensity
analysis model for the confounding factors[74].
Therefore, it can be said that in patients with early
HCC, RFA provides a worse DFS as compared with hepatic resection, so that the need for retreatment is greater. Instead, hepatic resection and RFA would achieve
similar results in very early HCCs. However, the drawback of RFA in terms of radicality is somehow counterbalanced by lower mortality, morbidity and costs (shorter
hospital stay) and the easy repeatability of ablation. On
the other hand, Markov models indicate that in HCC
early stages, hepatic resection should be considered in
the case of RFA local failure[75] and that surgery provides
better quality of life-adjusted survival, due to the lower
risk of local recurrent disease requiring retreatment[76].
Taken together, these observations suggest that hepatic
resection and RFA should be considered as complementary rather than competitive treatments. In cases of deep
tumor location, that require a removal of a large volume
of parenchyma if resected (i.e., major hepatectomy), it
is reasonable to consider RFA as the preferred strategy
to adopt; conversely, superficial tumor location or tumors adjacent to main vessels or biliary structures, are

TUMOR STAGE
Cancer staging should serve to estimate the prognosis, select the most appropriate primary and adjuvant
therapy for each stage, and assist in comparing results
of different treatments or coming from different patient
series. Ultimately, an accurate cancer stage can help physicians in managing oncologic patients and scientists in
exchanging unambiguous information. According to the
European Association for Study of the Liver (EASL)
recommendations, a staging system for HCC should take
into account four issues: tumour burden, degree of liver
function impairment, general condition, and treatment
efficacy[13,15]. Indeed, staging of HCC is complex and,
currently, there is no universally accepted staging system[66]. The consensus conference of the American Hepato-Pancreato-Biliary Association (updated in 2010) reproposed the use in clinical practice of different systems
for different patients[67]: as survival of early stage patients
is greatly modified by treatment, prognostic prediction
must include treatment-related variables; conversely, as
treatment may not be a key predictor in advanced stages,
it may not be a crucial variable of a prognostic index
for patients with these tumors. Nowadays, clinicians
can choose among several staging systems, although it
should be underlined that only the BCLC staging system
provides a treatment algorithm linked to the HCC stage.
Early stage tumors
According to the BCLC definition, a very early HCC
is represented by single nodule < 2 cm, and an early
HCC is a tumor fulfilling the Milan criteria at imaging
techniques (one nodule ≤ 5 cm or 3 nodules each ≤
3 cm, without vascular or lymph nodal invasion)[57]. In
CTP class A patients, survival after hepatic resection for
early HCC reaches 70% at 5 years, and up to 90% for
very early HCC[68]; however, whether to prefer, in these
patients, hepatic resection over liver transplantation, or
percutaneous treatments such as radiofrequency ablation
(RFA), still remains a matter of debate[69,70]. Thus, the
actual role of hepatic resection should be viewed in the
light of such competing strategies.
The literature comparing the results of hepatic resection versus RFA for early HCC encompasses a number
of retrospective studies, some case-control studies and
only two randomized controlled trials (RCT), both coming from the Eastern world[71,72]. The first one, conducted
on 161 CTP class A patients with a solitary tumor ≤ 5
cm, reports similar survival rates after surgery (90 pa-

WJG|www.wjgnet.com

6402

November 28, 2012|Volume 18|Issue 44|

Cucchetti A et al . Partial hepatectomy for HCC

non-HCC candidates on the waiting list[87].

much better managed with hepatic resection. Nonetheless, for many experts, recommending RFA as first-line
therapy for resectable small HCCs still requires a higher
level of evidence[77]. Such uncertainty is highlighted by
the conclusions of the conference of the Japan Society
of Hepatology held in 2009[78]: to the question “Which
treatment would you perform for 2-cm sized HCC nodules in patients with Child-Pugh A liver function?” 80%
of surgeons responded “resection”, while 68% of nonsurgeons responded “RFA”[78]. Greater agreement was
observed when asking about the optimal treatment of
3-cm sized nodules in patients with Child-Pugh A: 95%
of surgeons and 79% of non-surgeons responded “resection”[78].
As already stated, the role of hepatic resection in
early stage HCC should be viewed in the light of competing strategies, and liver transplantation (LT) represents the most attractive alternative option because it removes both detectable and undetectable tumor nodules
together with the pre-neoplastic cirrhotic background.
However, LT use should be viewed in the context of
shortage of available grafts, and decisions must consider,
together with the benefit for the individual patient, the
collective benefit of all potential liver recipients[79]. Liver
transplantation achieves excellent results in patients with
limited tumor burden. Patients with HCC fulfilling Milan
criteria have a 5-year survival of about 70%, with recurrence in less than 10%. This survival well matches posttransplant survival of most other indications for LT[80,81].
This is a critical point, recalled by Recommendation No.
7 of the International Consensus Conference on Liver
Transplantation for HCC, held in Zurich in 2010, which
states that LT should be reserved for HCC patients who
have a predicted 5-year survival comparable to non-HCC
patients[79]. When compared to LT, partial hepatectomy
would seem to be inferior in terms of long-term survival, but most surgical series rely on patients who underwent resection of a wide spectrum of tumor extent,
frequently beyond the Milan criteria. Notably, factors
precluding LT, such as large or multifocal tumors and
vascular invasion, are often included in series analyzing
resection results, and are associated with early recurrence
and shorter survival[82]. There is evidence that hepatic resection and LT can indeed achieve similar post-operative
and intention-to-treat survivals in patients respecting
Milan criteria[82]. Thus, when patients with more limited
disease are selected, the results of hepatic resection are
much more favorable, approaching the 5-year survival
rate of 70% reported after LT[19,83-85]. It should be considered that this figure is the end-result currently achievable thanks to both improved diagnostic imaging and
therapies for recurrences, including salvage LT, that have
been shown to significantly prolong survival after partial
hepatectomy[19]. Thus, the combination of resection and
salvage LT seems to be a reasonable strategy to adopt
for resectable HCC within Milan criteria[86]. This strategy
could also increase the proportion of grafts offered to
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Beyond the early stages of the tumor
Beyond the early stages, there is debate on the ability of
the current staging systems in segregating patients into
homogeneous prognostic strata able to assist clinicians
in selecting the optimal treatment strategy. The BCLC
intermediate stage (BCLC-B) includes patients in ChildPugh class A or B, with multi-nodular or large HCC, and
preserved performance status[57]. This definition includes
a very heterogeneous patient population, according
to either tumor extent (from bifocal HCC to subtotal
tumor replacement of liver parenchyma) or liver function (from perfectly compensated to decompensated
cases with ascites and hyperbilirubinemia). The recommended treatment modality for this HCC stage by both
EASL and American Association for the Study of Liver
Diseases guidelines is trans-catheter arterial chemoembolization (TACE). Instead, due to the heterogeneity of
this stage, patients are best served when the treatment
decision is individualized and taken within a multidisciplinary team[88,89]. Indeed, retrospective analyses have
shown that, in BCLC stage B patients, hepatic resection
yielded better survival rates than TACE[90-92]. Stage B,
but even stage C, patients can tolerate hepatic resection
showing low mortality, acceptable morbidity, and survival benefits[90]. The reported 3-year survival rate ranges
from 56% to 74% for stage B and from 28.6% to 67%
for stage C patients[90-92]. Especially in stage B, resection
is superior to the TACE in terms of survival[57,91]. A very
recent case-control study, conducted on a population of
603 patients (1:2 ratio), has shown that in patients with
a portal vein tumor thrombus (PVTT) within segmental
branches (type Ⅰ) or the right or left portal vein (type
Ⅱ), resection provides a significant survival benefit in
comparison to TACE[93]. In particular, in the presence of
type Ⅰ PVTT, the 5-year survival rate was 37.9% after
resection and only 3.6% after TACE; in the presence of
type Ⅱ PVTT, the corresponding figures were 17.2%
and 0%, respectively. These results suggest a revision
of the BCLC recommendations[89]. Although the BCLC
staging classification has been claimed as standard HCC
classification in Western regions, its validation across
Eastern and Western regions is required and some refinements are probably needed before it can accepted
for universal application. Indeed, most Asian experts
state that the BCLC staging system does not satisfy
the needs of surgeons and physicians in real clinical
practice[94]: when participants of the Japan Society of
Hepatology were asked if they usually follow the BCLC
treatment algorithm, 70% responded “no”[78]. It should
also be noted that resection is not excluded as an option
for HCCs beyond the early stages in the Asian treatment
algorithms[94] and in real clinical practice about half the
physicians include resection as a treatment choice, albeit
in cases of advanced HCC[79,95].
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that studies enrolling only cirrhotic patients are still
required to adequately compare outcomes in this specific cohort of patients[109]. Advantages of laparoscopic
liver resections are the less aggressive approach, less
peritoneal dissection, less bleeding, minimal ascites and
decreased post-hepatectomy liver failure[110,111], extending the indication to liver resection to selected Child B
patients[110]. Moreover, fewer postoperative adhesions
after laparoscopic liver resection compared to open liver
resection facilitate subsequent salvage LT with decreased
morbidity[112]. On the other hand, the longer learning
curve, the greater difficulty in achieving wide resection
margins and performing anatomical resections, the difficulties in mobilization and parenchymal transaction,
with risk of massive bleeding, are the major obstacles to
the widespread diffusion of laparoscopic liver resection.
Lastly, lesions located in posterior segments are not good
indications for pure laparoscopic approach but suitable
for hand-assisted laparoscopic resection[113,114].

TYPE OF SURGICAL RESECTION
Anatomical vs non-anatomical resection
It remains unclear whether hepatectomy for HCC should
be performed as anatomical resection (AR) or non-anatomical resection (NAR). The great majority of recurrences occur in the liver as a result of subclinical metastases,
originating from the primary tumor through microscopic
vascular invasion and peripheral spread along their intrasegmental branches, which are the most important factors associated with poor prognosis[19,96,97]. On this basis,
the systematic removal of the hepatic segment fed by
tumor-bearing portal tributaries, namely the entire functional unit through an AR, was suggested as theoretically
more effective for tumor and metastases eradication[98].
Conversely, most surgeons prefer, in cirrhotic patients,
to leave a portion of parenchyma greater than the functional unit, using the NAR, to reduce the risk of postoperative liver failure. Clear evidence of the superiority
of one technique over the other is not available, since
some studies report a survival benefit of AR[99-101] that
was not manifest in others[102-104]. Two recent meta-analyses, conducted on observational studies, also reported
conflicting results[105,106]. Importantly, underlying cirrhosis was significantly more common in the NAR patients
who also showed more advanced hepatic dysfunction
compared with those in the AR group: these features
were recently shown by a meta-regression approach to
significantly affect results from meta-analyses, that is,
patient survival and DFS after AR seem to be superior
to NAR because the worse liver function reserve in the
NAR group significantly affects prognosis [107]. Thus,
large randomized controlled trials are needed to define
the best resective approach to patients with an HCC ensuing in a cirrhotic liver[107].

CONCLUSION
Despite improving results of non-surgical approaches,
partial hepatectomy still represents a cornerstone for potentially curative treatment of HCC, able to offer longterm survival rates. However, like all the available treatments for HCC, hepatic resection should be considered
in the context of multi-disciplinary evaluation of these
patients, which increases the chances to cure the tumor
and its recurrences, resulting in higher overall survival
rates. As tumor recurrence remains the main obstacle
in achieving better results in long-term survival after
hepatic resection, clinical trials aimed at identifying effective adjuvant therapies are warranted. Regarding types
of surgical approaches to HCC, the literature is rich in
observational studies but very few well-designed RCTs
are currently available; thus, no definitive suggestions
can be derived regarding superiority of anatomic versus
non-anatomic resection or laparoscopic approach.

Laparoscopic resection
In contrast to other fields of surgery where laparoscopic
procedures are routinely performed, laparoscopic hepatectomy is only being performed in a few institutions
worldwide; nonetheless, since the first laparoscopic
liver resection was described in 1992, there has been an
exponential growth of reported laparoscopic liver resections, with almost 3000 cases reported in the English
literature so far[108]. About 50% of them were performed
for malignant tumors and, in this group, about half were
HCCs. Since 2000, about 500 cases of laparoscopic resection for HCC can be collected from the literature[109].
Most patients were cirrhotics, but a considerable proportion (about 40%) had pre-cirrhotic chronic hepatitis.
Laparoscopic surgery consisted of minor resections (<
3 segments removed) in 90% of cases[109]. Complications
were more frequent after resection for HCC (50%) than
for colorectal metastasis (11%), likely due to underlying
liver disease[108]. The 5-year overall survival ranges from
50% to 60%[108]. These results are comparable to those
achieved with open hepatic resection for HCC but the
large proportion of patients without cirrhosis suggests
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AIM: To study the association between inflammatory
bowel disease (IBD) and genetic variations in eosinophil
protein X (EPX) and eosinophil cationic protein (ECP).
METHODS: DNA was extracted from ethylene diamine
tetraacetic acid blood of 587 patients with Crohn’s
disease (CD), 592 with ulcerative colitis (UC) and 300
healthy subjects. The EPX405 (G > C, rs2013109),
ECP434 (G > C, rs2073342) and ECP562 (G > C,
rs2233860) gene polymorphisms were analysed, by
the 5’-nuclease allelic discrimination assay. For determination of intracellular content of EPX and ECP
in granulocytes, 39 blood samples was collected and
extracted with a buffer containing cetyltrimethylammonium bromide. The intracellular content of EPX was
analysed using an enzyme-linked immunosorbent assay. The intracellular content of ECP was analysed with
®
the UniCAP system as described by the manufacturer.
2
Statistical tests for calculations of results were χ test,
Fisher’s exact test, ANOVA, Student-Newman-Keuls
test, and Kaplan-Meier survival curve with Log-rank
test for trend, the probability values of P < 0.05 were
considered statistically significant.
RESULTS: The genotype frequency for males with UC
and with an age of disease onset of ≥ 45 years (n =
57) was for ECP434 and ECP562, GG = 37%, GC =
60%, CC = 4% and GG = 51%, GC = 49%, CC = 0%
respectively. This was significantly different from the
healthy subject’s genotype frequencies of ECP434 (GG
= 57%, GC = 38%, CC = 5%; P = 0.010) and ECP562
(GG = 68%, GC = 29%,CC = 3%; P = 0.009). The
genotype frequencies for females, with an age of disease onset of ≥ 45 years with CD (n = 62), was for
the ECP434 and ECP562 genotypes GG = 37%, GC =
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with a hereditary predisposition. This is related to the
reaction of the immune system to the bacterial challenge of the gut and/or defects in the gut wall, in addition to external environmental factors. IBD usually has
an intermittent course of aggravations with common
symptoms such as frequent diarrhoea, blood in stool,
abdominal pain, and weight loss. The incidence of IBD
has increased in the Western world in recent years, and
new cases occur primarily in the group between 20 and
40 years of age[1,2]. CD seems to affect women more than
men, while UC appears to be more prevalent among
men, but some studies showed no gender differences[1,3,4].
A bimodal age distribution of disease onset has been
reported and debated in population studies of CD and
UC[2,5-8]. Patients with CD and UC have an increased
risk of developing colorectal cancer. This risk is more
pronounced in patients with UC with an overall 2.7-fold
increased risk as compared with the general population[9].
Under normal conditions, the intestinal mucosa is in
a state of “controlled inflammation”. Different subsets
of T-cells are present in the healthy intestine, as are eosinophils and antigen-presenting cells with a predominance
of anti-inflammatory and regulatory cytokine responses
that keep the mucosal homeostasis intact[10]. However, in
IBD the balance between mucosal responsiveness and
tolerance towards antigens is disturbed, resulting in an exaggerated immune response to the commensal flora. It is
well established that neutrophil granulocytes accumulate
and infiltrate in the local processes in IBD. In recent years
attention has been paid to the involvement of eosinophil
granulocytes, since increased numbers of these cells are
found in the intestinal mucosa of IBD[11,12]. Studies now
emphasise a key role of the eosinophil granulocyte in the
pathophysiology of IBD[13,14].
The eosinophil participate in a number of biological
processes such as wound healing, defence against parasites and allergic inflammation[15]. The eosinophils granulocyte are characterised by specific cytoplasmic granules
containing four major proteins; eosinophil cationic protein (ECP)[16], eosinophil peroxidase (EPO)[17], eosinophil
protein X (EPX)/eosinophil derived neurotoxin[18], and
major basic protein (MBP)[15]. Increased intraluminal release of EPX, ECP and EPO has been shown in patients
with UC[19]. The cytotoxic activities of ECP and EPX
as well as their potent RNase activities have been well
documented[20] and are generally conceived as part of the
host defence against viruses, parasites and helminths[21,22].
Furthermore both EPX and ECP have been associated
with different types of cancer[23-25]. The presence of eosinophils in the intestinal mucosa of healthy subjects may
reflect these host defence activities of the cell. In addition
EPX has been identified as a member of the Alarmin
family with the capacity to affect various aspects of the
dendritic cells[26], and in aged asthma patients, relative
to young, the degranulation of EPX was decreased[27].
Larger numbers of activated eosinophils, identified as an
increased expression of the cell surface receptor CD44,
have been reported both in CD and UC, but even more

52%, CC = 11% and GG = 48%, GC = 47% and CC
= 5% respectively. This was also statistically different
from healthy controls for both ECP434 (P = 0.010) and
ECP562 (P = 0.013). The intracellular protein concen6
tration of EPX and ECP was calculated in μg/10 eosinophils and then correlated to the EPX 405 genotypes.
The protein content of EPX was highest in the patients
with the CC genotype of EPX405 (GG = 4.65, GC =
5.93, and CC = 6.57) and for ECP in the patients with
the GG genotype of EPX405 (GG = 2.70, GC = 2.47
and CC = 1.90). ANOVA test demonstrated a difference
in intracellular protein content for EPX (P = 0.009) and
ECP (P = 0.022). The age of disease onset was linked
to haplotypes of the EPX405 , ECP434 and ECP562
genotypes. Kaplan Maier curve showed a difference between haplotype distributions for the females with CD (P
= 0.003). The highest age of disease onset was seen
in females with the EPX405CC , ECP434GC , ECP562CC
haplotype (34 years) and the lowest in females with
the EPX405GC , ECP434GC , ECP562GG haplotype (21
years). For males with UC there was also a difference
between the highest and lowest age of the disease onset (EPX405CC, ECP434CC, ECP562CC, mean 24 years
vs EPX405GC, ECP434GC, ECP562GG, mean 34 years,
P = 0.0009). The relative risk for UC patients with
ECP434 or ECP562-GC /CC genotypes to develop dysplasia/cancer was 2.5 (95%CI: 1.2-5.4, P = 0.01) and
2.5 (95%CI: 1.1-5.4, P = 0.02) respectively, compared
to patients carrying the GG-genotypes.
CONCLUSION: Polymorphisms of EPX and ECP are associated to IBD in an age and gender dependent manner, suggesting an essential role of eosinophils in the
pathophysiology of IBD.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The concept of inflammatory bowel disease (IBD) comprises the disorders Crohn’s disease (CD) and ulcerative
colitis (UC). The aetiology of the diseases is unknown,
but IBD is currently believed to develop in individuals
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A

Number of patients

pronounced in quiescent than in active UC. Findings that
might suggest a role of eosinophils in tissue remodelling
and repair in IBD[28,29].
By linkage analysis and genome-wide association
studies many genetic variations, linked to IBD, have been
found[30]. The nucleotide sequences of EPX and ECP
have a homology of 90%, and both genes have been located to chromosome 14q11.2[31,32] within the IBD4 locus,
located at the 14q11-12 region[33]. Several single nucleotide polymorphisms (SNPs) were reported in the genes
for EPX and ECP[34]. An intron SNP in the EPX gene,
EPX405 G > C (rs2013109) was together with a SNP
from the 3’ untranslated region in the ECP gene, ECP562
G > C (rs2233860)[35], shown to be closely linked to the
eosinophil content of EPX and ECP (Jönsson et al[35], to
be published). The C-allele of the nonsynonymous missense ECP434 G > C (rs2073342) polymorphism, gives
rise to an arginine to threonine shift at amino acid position 97 in the mature protein[34,36]. As shown with recombinant ECP proteins this amino acid shift resulted in an
alteration of the protein and its cytotoxic activity[37], but
with no effect on its RNase activity[38]. The loss of cytotoxicity of ECP containing threonine at position 97 was
confirmed using purified native proteins from genotyped
blood donors[37]. The ECP434(G > C) polymorphism
was shown to be associated with the expression of allergic symptoms[36], and with disease severity in Hodgkin
lymphoma[39] in population based studies as well as to the
prevalence and severity of Schistosoma mansoni infection in a Ugandan population[40].
The aim of this study was to investigate the impact of
SNPs in the EPX and ECP genes in a cohort of patients
with IBD. The hypothesis was that alterations in the cytotoxic activities of ECP and/or the altered expression
of EPX might affect the propensity to acquire IBD and
also might affect different features of IBD. The influence
of polymorphisms in the EPX and ECP genes was first
analysed in a pilot cohort of patients with IBD from Uppsala University Hospital and then in a second step in a
bigger Swedish cohort. The possible altered expression
of EPX was in addition analysed by measuring the intracellular eosinophil content of EPX in a subset of the
patients.
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Figure 1 Incidence curves, given as a mean of 5 consecutive years, are
shown for the inflammatory bowel disease study cohort. Curves separated
by gender and displaying the total inflammatory bowel disease cohort are included.

A group of 300 healthy Swedish blood donors from
the Uppsala blood bank served as reference population.
The study was approved by the local Ethics Committees of the Medical Faculties, of Uppsala University
and Karolinska University Hospital, Stockholm, and all
patients gave their informed consent to participate in the
study (Table 1).
DNA extraction
Genomic DNA from all IBD patients and the reference
group were extracted from whole ethylene diamine tetraacetic acid (EDTA) blood, by the use of the QIAamp
DNA Blood Mini Kit from QIAGEN (QIAGEN Inc,
Valencia, CA, United States), according to the manufactures description.

MATERIALS AND METHODS
Study population
The patient group consisted of 1179 individuals recruited
from Uppsala University Hospital, Sweden (95 CD and
100 UC), and an established Swedish cohort recruited at
Karolinska University Hospital and Örebro University
Hospital (492 CD and 492 UC). Diagnoses of CD and
UC was based on clinical, histological and endoscopic
findings, according to standardized criteria[41]. Bimodal
patterns as to age of disease diagnosis were observed for
both CD and UC irrespective of gender (Figure 1). The
major peak of age at diagnosis of both diseases was seen
at 20-25 years, with a second peak around 40-50 years.

WJG|www.wjgnet.com

Total n = 589
Male n = 305
Female n = 282

Crohn’s disease
100

Genotyping
All IBD samples and controls were genotyped for the
EPX405 (G > C), ECP434 (G > C) and the ECP562
(G > C) polymorphisms by use of the 5’-nuclease allelic discrimination assay. The assay has previously been
described in detail [42]. Oligonucleotide primers were
designed by the use of Primer Express® (Applied Biosystems, Foster City, CA, United States) based on the se-
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Table 1 Clinical characteristic of study populations

Table 3 Genotype and allelic frequency distribution among
300 healthy individuals and the total cohorts of Crohn’s
disease and ulcerative colitis

Crohn’s disease Ulcerative colitis Reference group
(n = 587)
(n = 592)
(n = 300)
Female
Male
Median age1
Age at disease
diagnosis2

282
305
48 (18-95)
28 (6-93)

269
323
48 (14-102)
28 (4-78)

132
168
44 (19-73)

Healthy
ECP562
ECP434
EPX405 M1
EPX405 F1
CD
ECP562
ECP434
EPX405 M
EPX405 F
UC
ECP562
ECP434
EPX405 M
EPX405 F

1

Range at sampling; 2Median (range).

Table 2 Primers and probes
EPX405 (G > C):
Forward primer 5’ AAG AGA GCT GAC GTT AGT GCT TAG G 3’
Reverse primer 5’ GGT CTT GGT TAT GAC ACA CAC TGT AGT 3’
Probe 1
5’ VIC-ACG TTG CAC ACT TT 3’
Probe 2
5’ 6-FAM-CGT TCC ACA CTT TG 3’
ECP434 (G > C):
Forward primer
5’ GAG TAG ATT CCG GGT GCC TTT ACT 3’
Reverse primer
5’ CGT GGA GAA TCC CGT GGA T 3’
Probe 1
5’ VIC-AAA CTG CAG GTA TGC AGA 3’
Probe 2
5’ 6-FAM-AAA CTG CAC GTA TGC AG 3’
ECP562 (G > C):
Forward primer
5’ GGT TCC AGT TCA CCT GGA TAC C 3’
Reverse primer
5’ GGT ATG GAG ACT GAT GAG GAC AGT 3’
Probe 1
5’ VIC-TCA GCA GTC CTC ATC 3’
Probe 2
5’ FAM-TCA GCA CTC CTC ATC 3’

GCgenotype
(%)

CCgenotype
(%)

G-allele
(%)

C-allele
(%)

68
57
64
53

29
38
32
38

3
5
4
9

83
76
80
72

17
24
20
28

64
53
55
58

33
40
38
34

4
7
6
8

80
73
74
75

20
27
26
25

64
55
62
57

33
38
31
38

4
7
7
5

80
74
78
76

20
26
22
24

For ECP434 and ECP562 there was no difference between males and females. 1In EPX405 there was a difference between the sexes according their
genotype (P = 0.049) and allelic distribution (P = 0.021). UC: Ulcerative
colitis; CD: Crohn’s disease; EPX: Eosinophil protein X; ECP: Eosinophil
cationic protein; F: Female; M: Male.

CD. The subjects were selected based on their EPX405 (G
> C) genotypes (GG = 15, GC = 16, and CC = 8). The
method for whole blood extraction using cetyltrimethylammonium bromide has previously been described in
detail (Jönsson et al[35], to be published). The supernatants
were stored at -20 ℃ until assayed for EPX and ECP
concentrations.

EPX: Eosinophil protein X; ECP: Eosinophil cationic protein.

quence of the EPX (X16546) and ECP (X16545) genes
available in GenBank. Sequences for primers and probes
are displayed in Table 2.
Polymerase chain reaction (PCR) cycling was carried
out in an ABI PRISM 7000 (Applied Biosystems) with
the recommended thermal profile of: 50 ℃ for 2 min,
95 ℃ for 10 min followed by a total of 40 cycles of 95 ℃
for 15 s and 60 ℃ for 1 min. After the PCR cycling the
genotypes were determined according to the application
Allelic Discrimination of the ABI Prism 7000 SDS software (Applied Biosystems).

Protein assays
EPX whole cell extract was analysed using an enzymelinked immunosorbent assay (Diagnostics Development,
Uppsala, Sweden), according to the recommendations of
the manufacturer with minor modifications. The concentration of ECP was analysed with the UniCAP® system,
(Phadia AB, Uppsala, Sweden) as described by the manufacturer.

Blood cell count
Blood eosinophil count (B-Eos) (reference interval 0.0
× 109/L-0.5 × 109/L) and total white blood cell count
(reference interval 3.5 × 109/L-9.0 × 109/L) were determined by an automated haematology analyser (Celldyn
Sapphire; Abbott Laboratories, CA, United States) at the
Department of Clinical Chemistry, Uppsala University
Hospital, Uppsala, Sweden.

Statistical analysis
All the statistical analyses were performed with the Statistica 9.0 software for Windows (StatSoft, Tulsa, United
States), and MedCalc software (V.10, Mariakerke, Belgium). The statistical tests in use for the calculations of
results were χ 2 and Fisher’s exact test, ANOVA, StudentNewman-Keuls test, and Kaplan-Meier survival curve
with the Log-rank test for trend. P < 0.05 were considered statistically significant.

Whole blood extraction
The EPX and ECP polymorphisms were first only analysed in the Uppsala cohort. There was a difference in the
EPX content between CD and UC patients, which lead
to an interest in measuring the intracellular content of
EPX and ECP in eosinophils. For the determination of
intracellular content of EPX and ECP in granulocytes,
EDTA blood was collected from 39 patient samples with

WJG|www.wjgnet.com

GGgenotype
(%)

RESULTS
Genotype distributions in healthy population vs patients
with IBD
The distribution of the EPX405, ECP434 and ECP562
genotypes was investigated in the population of 1179
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Table 4 Gender specific difference
Crohn’s disease
Genotype distribution
Age at diagnosis
(yr)
≥ 40
Female
≥ 45
≥ 40
Male
≥ 45

Patients
CD/UC (n)
80/71
42/62
77/85
57/52

EPX
405
NS
NS
NS
NS

ECP
434
NS
0.009
NS
NS

ECP
562
NS
0.013
NS
NS

Ulcerative colitis

Allelic frequency
EPX
405
NS
NS
NS
NS

ECP
434
0.043
0.004
NS
NS

ECP
562
0.034
0.007
NS
NS

Genotype distribution
EPX
405
NS
NS
0.048
NS

ECP
434
NS
NS
0.025
0.01

ECP
562
NS
NS
0.008
0.009

Allelic frequency
EPX
405
NS
NS
0.026
NS

ECP
434
NS
NS
0.024
NS

ECP
562
NS
NS
0.045
NS

2

Difference (χ , P-values displayed) between the genotype distributions and allelic frequencies, related to age at diagnosis, in individuals with CD or UC
compared with the healthy population. UC: Ulcerative colitis; CD: Crohn’s disease; NS: Not significant; EPX: Eosinophil protein X; ECP: Eosinophil cationic
protein.

subjects with CD (n = 587) or UC (n = 592) (Table 1).
For comparison the distributions of the same genotypes were investigated in a group of apparently healthy
blood donors (n = 300). In the healthy reference population males had a higher prevalence of the EPX405 GGgenotype (P = 0.049) and the G-allele (P = 0.021) compared to females (Table 3). All continuing data has been
calculated gender stratified for the EPX405 genotype.
No difference was seen between genders for the ECP434
and ECP 562 genotype in the control cohort (Table 3).
No genotype differences were seen between younger
(n = 150; median age: 31 years; range: 19-43 years) and
older (n = 150; median age: 54 years; range: 44-73 years)
healthy references. At first only the Uppsala cohort with
CD (n = 95) and UC (n = 100) was examined. Here there
was a difference between patients with CD and UC (P
= 0.048) with more EPX405 GC and CC in CD. These
results could not be verified in the whole cohort where
no general differences were found between the healthy
and the patient cohorts, or between the CD and the UC
cohorts, for any of the genotypes. When dividing the
patient cohorts by their median (28 years) age at disease
diagnosis (ADD) and comparing them, no difference was
seen in any of the genotypes for younger vs older patients
with CD (median ADD: 20 years; range: 6-28 years vs
median ADD: 40 years; range: 28-93 years) or UC (median ADD: 20 years; range: 4-28 years vs median ADD:
40 years; range: 28-78 years). In the total cohort, no difference was seen in the genotype frequencies related to
gender in patients with CD or UC. When the patient
populations were separated by age at disease diagnosis,
according to the Montreal classification[43] (< 16 years,
17-40 years and > 40 years) and gender, a pattern with
significant differences was observed. Since the incidence
curve (Figure 1) of women with CD indicated a second
peak of disease onset around 45 years the age range > 45
years was also included in the study. Thus, a lower prevalence of the ECP434 and ECP562-GG genotypes and
higher prevalence of the ECP434 and ECP562-GC genotypes were found in female patients with CD, compared
to the healthy reference population (Table 4). In males
similar differences in the prevalence of the ECP434 and
ECP562 genotypes were observed, but only in patients
with UC (Table 4).
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For both genders the genotype differences were observed in the older cohort of the population with an age
at diagnosis above 40 years (Table 4). In the cohort of
males with UC a higher prevalence of the EPX405 GCgenotype, compared to healthy controls, was observed in
patients with an ADD of > 40 years (P = 0.048).
Genotype distribution within different cohorts
Among females with CD and ADD of > 45 years, the
GC-genotype of the ECP434 (P = 0.020) and ECP562 (P
= 0.014) gene polymorphisms were more common than
in females with ADD < 45 years. In females with UC,
no such differences were observed. In males with UC
there was a difference between those with an ADD over
and under 40 and 45 years, concerning all three genotypes (40 years; EPX405 P = 0.003, ECP434 P = 0.003
and ECP562 P = 0.004). The differences were, in all
genotypes, due to a higher amount of the GC-genotypes
among males > 40 years and > 45 years.
In Figure 2, a comparison of the ECP434 genotype
distributions between patients with CD and UC and
an age of disease diagnosis of > 45 years is shown. In
the comparison the population is separated by gender.
Among female patients with CD there was a significantly
lower prevalence of the ECP434GG genotype and a
prevalence of the heterozygote genotype almost twice as
high as in those women having UC (P = 0.010). This was
contrasted by the findings in males, since those patients
having CD had a predominance of the ECP434 GGgenotype, as compared to patients with UC, who had a
predominance of the GC-genotype (P = 0.004). Highly
significant differences were found in ECP434 genotype
distributions between females and males (> 45 years)
with CD (P = 0.001) and with UC (P = 0.001). Similar
patterns were found for the ECP562 genotypes, but not
for the EPX405 genotypes (not shown).
Relationships of age at disease diagnosis to genotypes
and haplotypes
The relationships of the EPX405, ECP435 and ECP562
genotypes and haplotypes (Table 5) to ADD (females
with CD and males with UC) are illustrated in Figure 3.
The haplotypes analysed were chosen to include the wild
type (WT) (haplotype 1; GG in all three genotypes) and
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Percentage (%)

A

70
60

Table 5 Haplotype compositions and their frequencies in the
studied population with inflammatory bowel disease

50

Gender
Males with UC

40
30
Females with
CD

20
10
0

B

ECP434-GG

ECP434-GC

1
13
14
27
1
4
13
27

GG
GC
GC
CC
GG
GG
GC
CC

GG
GC
GC
CC
GG
GC
GC
CC

GG
GG
GC
CC
GG
GG
GG
CC

48
5
20
3
46
6
5
5

UC: Ulcerative colitis; CD: Crohn’s disease; EPX: Eosinophil protein X;
ECP: Eosinophil cationic protein.

ECP434-CC

80

lower in males with UC who carried the haplotype 27 as
compared to those who carried the haplotype 13. Almost
reverse results were obtained in females with CD since
ADD in those carrying haplotype 13 was the lowest and
haplotype 4 the highest.

70
60
Percentage (%)

Haplotype EPX405 ECP434 ECP562 Frequency %

50
40

Figure 2 Prevalence of ECP434 genotypes in Crohn’s disease (black bars)
and ulcerative colitis (grey bars). A: In females, age at disease diagnosis
(ADD) > 45 years, a significant difference between Crohn’s disease (CD) and
2
ulcerative colitis (UC) concerning ECP434 (P = 0.01, χ ) was observed; B: In
men, ADD > 45 years a significant difference between CD and UC concerning
ECP434 (P = 0.004) was observed. ECP: Eosinophil cationic protein.

Intracellular protein content
As noted in the introduction the eosinophil content of
the alarmin EPX is associated to the EPX405 genotypes
in healthy and allergic subjects. We therefore investigated
the association of the cellular content in a selected subset
of patients with CD from the Uppsala cohort. The eosinophil content of EPX was closely linked to the EPX405
genotype with the highest content in the subjects carrying the EPX405CC genotype (ANOVA P = 0.009) (Figure
4). The eosinophil content of ECP was also linked to the
EPX405 genotype (ANOVA P = 0.022), but in a reverse
mode (Figure 4).

the opposite extreme with CC in all genotypes (haplotype
27). The criterion for other haplotypes to be included
was to differ from the WT and to contain at least 10
individuals in the group. We found significant associations between the respective genotypes and ADD for
men with UC; EPX405 (P = 0.007), ECP434 (P = 0.002)
and ECP562 (P = 0.010) with the lowest ADD seen in
those carrying the CC-genotypes and the highest ADD
in those carrying the heterozygous genotypes (Figure
3C-E). To attain a better understanding of the significance of the genetic diversity of the polymorphisms in
the EPX and ECP genes, four haplotypes were related
to ADD. The haplotypes analysed in men with UC were
haplotype 1, haplotype 13, haplotype 14 and haplotype
27 (Table 5). For females with CD the haplotypes analysed were haplotype 1, haplotype 4, haplotype 13 and
haplotype 27 (Table 5).
As shown in Figure 3A, ADD differed significantly
depending on haplotype (P = 0.0009) in men with UC
and in females with CD (P = 0.003) (Figure 3B). In the
female cohort extreme outliers (ADD > 80 years) were
excluded from the analysis. The ADD was markedly

Relationship to dysplasia/cancer
In the study UC cohort there were several patients (n =
27; females: 8; males: 19) that through continuous endoscopic examination were shown to have developed
dysplasia and/or cancer (D/C) (median age at cancer
diagnosis: 49 years; range: 27-67 years). The D/C cohort
was compared to all UC patients, females and males who
had not developed D/C, since no difference was shown
between older and younger UC patients in the mixed
cohort. The distributions of the ECP434 and ECP562
alleles in patients with UC, with and without findings of
D/C of the intestine are shown in Figure 5. The C-allele
of both genotypes was more prevalent among patients
with D/C (ECP434 P = 0.034 and ECP562 P = 0.019).
The D/C patients also differed from the healthy controls
(ECP434 P = 0.027 and ECP562 P = 0.007) (Figure 5).
The relative risk (RR), for UC patients with the ECP434
GC or CC genotypes, to develop D/C was 2.5 (95%CI,
1.2-5.4) compared to other patients with UC. In patients
with the ECP562 GC or CC genotypes the RR was 2.5
(95%CI, 1.2-5.8) as compared to UC patients. Considering the whole cohort, no associations to the EPX405 (G
> C) genotypes were detected.

30
20
10
0
ECP434-GG

ECP434-GC
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Figure 3 Kaplan-Meier Curve of four groups haplotypes and EPX405, ECP562 genotypes. A: Kaplan-Meier Curve of four groups of haplotypes in male patients
with ulcerative colitis (UC) (P = 0.0009); B: Kaplan-Meier Curve of four groups of haplotypes in female patients with Crohn’s disease (P = 0.003); C: Kaplan-Meier
curve of the EPX405 genotype in men with UC (P = 0.007); D: Curve of the ECP434 genotype in men with UC (P = 0.002); E: Curve of the ECP562 genotype in
males with UC (P = 0.01). Dotted line: GG genotype; Dashed line: GC genotype; Continuous line: CC genotype. ECP: Eosinophil cationic protein; EPX: Eosinophil
protein X.

emphasize this notion. The primary results gained from
the Uppsala cohort gave a hint that there was some association between the EPX and ECP polymorphisms and
IBD. The associations, however, were in the larger cohort
mainly found when the patients were separated into gender, age groups and diagnosis, since the associations were
most apparent in older women with CD and in older men
with UC. Another interesting observation was the higher

DISCUSSION
Inflammatory bowel disease, including CD and UC, are
idiopathic diseases with chronic inflammation of the gut.
A key role of the eosinophil in the pathophysiology of
IBD has been suggested. Our findings in this report, of
intriguing associations between gene polymorphisms of
the two major eosinophil granule proteins ECP and EPX,
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6
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a
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B
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Figure 4 The box plots displays the association between the EPX405
genotypes and the intracellular content of eosinophil protein X and eosinophil cationic protein in eosinophils. The box plots display the distribution
of the protein content within each class of genotype. A: Intracellular content
of eosinophil protein X (EPX) (ANOVA P = 0.009). aP < 0.05 vs EPX405 GG
genotype (Student-Newman-Keuls test); B: Intracellular content of eosinophil
cationic protein (ANOVA P = 0.022). aP < 0.05 vs the EPX405 CC genotype
(Student-Newman-Keuls test).

Figure 5 Distribution of allele frequencies, displaying the difference in patients with ulcerative colitis and dysplasia/cancer. Bars represent the allele
frequency (%) of ECP434 (A) and ECP562 (B) single nucleotide polymorphism
in patients with dysplasia/cancer (black bar), all patients with ulcerative colitis
(grey bar), and healthy individuals (white bar). ECP: Eosinophil cationic protein.

diagnosed early in their course of disease[45]. In CD, the
production of tumor growth factor (TGF)-β appears
critical in CD-associated fibrosis and in the formation of
granulomas[46,47]. ECP is known to promote TGF-β production and migration of fibroblasts[48,49] and the ECP434
GG genotype has been linked to increased fibrosis[40]. All
together this suggests a role of ECP in the production
of granulomas in younger females with CD. Furthermore
high numbers of bacteria, and mainly gram negative
bacteria as Escherichia coli (E. coli), can induce secretion of
ECP[50]. By the use of laser capture microscopy and PCR
it was shown that DNA from E. coli was present in 80%
of granulomas from patients with CD[51].
There are few studies associating genetic risk factors
and gender to falling ill with IBD. For patients with UC,
there is a gender-specific risk associated with the interleukin-10 promoter. Females with a particular genotype
and haplotype have an increased risk of contracting the
disease earlier in life[52]. In patients with CD the DLG5
R30Q variant was shown to be associated with an increased risk for male patients to develop CD. This risk
has been described both in the paediatric[53] and the adult
age group[54]. We showed that age at diagnosis in females
with CD is linked to the EPX405 genotype. Females

prevalence of the ECP434C-allele in those patients with
dysplasia/cancer, since this allele codes for the non-cytotoxic variant of ECP. We also confirmed the relationship
between the EPX405 (G > C) polymorphism and the
eosinophil content of EPX, since an increased content
of EPX was found in subjects carrying the C-allele. The
C-allele was also related to the age of disease diagnosis
suggesting an impact of the alarmin EPX on the course
of the disease in IBD.
In our study, we show that older females with CD
had a relatively higher amount of the ECP434 GC and
ECP562 GC genotypes as compared to healthy individuals, and younger females with CD. Our novel findings
show that in healthy individuals and females diagnosed
with CD at a young age the GG genotype of ECP434
and ECP562 was more dominating than in older women
with CD, implying a more cytotoxic ECP and a higher
content of ECP. This interesting finding could have a
bearing on granuloma formation in CD. Granuloma formation is one of the pathological hallmarks of CD and
is detected in the gut wall in 37%-60% of the patients[44].
Patients with granulomas, and particularly females, are
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with haplotype 13, including EPX405 GC, are diagnosed
earlier in life. The longest span of years before onset of
disease was observed in females carrying haplotype 4,
including EPX405 GG. The C-allele of EPX405 is linked
to a higher content of EPX in the eosinophils. The
increased availability of EPX (in combination with unchanged amount of ECP) may result in an earlier disease
onset in life. EPX was previously shown to present characteristics of an endogenous alarmin, which strengthens
the immune systems Th2 immune response[26]. CD has
often been regarded as a disease with a dominant Th1
immune response, but a Th2 response in the early stages
of the disease with active ileitis has been shown[55,56].
EPX uses the toll-like receptor 2 (TLR2)-MyD88 signal
transduction pathway to induce dendritic cell maturation
and activation of NF-κB[26] and also acts as a chemotactic activator of dendritic cells[57]. Few of the intestinal
dendritic cells in healthy controls express TLR2, whereas
in patients with IBD the TLR2 receptor density is increased[58]. NOD2 also induces nuclear factor κB (NF-κB)
activation through the MyD88 pathway[59]. The potentiated activation of NF-κB through the co-operation of
EPX and NOD2 in CD, therefore, is an interesting possibility and may explain the differences found between CD
and UC, since the 405C-allele was more common in CD
in patients with shorter onset of disease.
In the cohort of older men with UC, the ECP434
and ECP562 GC genotypes were more common than
in men with CD, females with UC, younger men with
UC and the healthy population. Compared to younger
men and the healthy reference population the EPX405
genotype was also significantly different, with more GC
genotype in the older cohort. Thus, older men had a
lower content of less cytotoxic ECP and a higher content of EPX. These results are similar to the cohort of
older females with CD. Thus, from a genetic point of
view, females with CD show similar distributions of the
ECP and EPX SNPs as men with UC. These are interesting findings and suggest major gender differences in the
pathogenesis of the two diseases.
In men with UC the Kaplan Meier analysis showed
the lowest ADD in subjects carrying haplotype 27,
(EPX405 CC, ECP434 CC and ECP562 CC) which
codes for elevated production of EPX, less cytotoxic
ECP and reduced production of ECP protein. The
highest ADD was seen in those carrying haplotype 13
(EPX405 GC, ECP434 GC and ECP562 GG), which
codes for increased production of EPX and cytotoxic
ECP. These findings suggest a protective role of ECP,
putatively against the microbial challenge, in the development of UC, whereas the role of the increased availability
of EPX may be involved in the initiation of the disease.
In contrast to the findings in men with UC, haplotype 13
was associated with the lowest ADD in women with CD,
which should result in the increased production of cytotoxic ECP. As noted above this finding may relate to early
granuloma formation. Our findings emphasize major differences in the pathophysiology and role of eosinophils
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in CD and UC. A notion supported by previous studies
showing differences in the morphology and function of
eosinophils in CD and UC[12,27].
Our findings of an association between the ECP434
and 562 SNPs and UC with complication of dysplasia/cancer suggest a role of ECP in the defence against
malignant cell transformation, since the results indicate
a lower production of ECP and that the produced protein is non-cytotoxic and unable to kill malignant cells[37].
The relative risk for a patient with UC and a C-allele in
ECP434 or 562 to develop D/C is 2.5. When separating
the cohort due to gender the EPX405 genotype was also
significantly associated to D/C in males (data not shown).
It is noticed that the number of patients with D/C was
limited in our cohort, but recent studies have pointed out
the association of ECP and EPX and cancer[23-25].
It is important to remember that the polymorphisms
EPX405, ECP434 and ECP562 are in linkage disequilibrium (Jönsson et al to be published). Because of the
profound linkage disequilibrium between the alleles, it is
difficult to determine which allele that is the determining
allele.
In conclusion, the present study has identified a gender and age related difference between polymorphisms in
the EPX and ECP genes in CD and UC, and showed that
the haplotype distributions are associated to the age of
disease diagnosis. We also confirmed a link between the
eosinophil content of EPX and the EPX405 gene polymorphism. Finally our results suggested a link between
polymorphisms in the ECP gene and the risk in patients
with UC of developing dysplasia/cancer. The role of
neutrophils in IBD is a hallmark of the disease, and the
results presented in this study suggest a key role of eosinophil granulocytes and their major granule proteins in
the pathophysiology of inflammatory bowel disease.
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Background

A role of eosinophils is implicated in inflammatory bowel disease. The intraluminal release of eosinophil derived cytotoxic proteins is increased in patients
with ulcerative colitis (UC). Larger numbers of activated eosinophils, identified
as CD44-high, are seen in quiescent as opposed to active UC. Gene polymorphisms in eosinophil protein X (EPX)/eosinophil derived neurotoxin and eosinophil cationic protein (ECP) affect the eosinophil content of EPX and ECP.

Research frontiers

The cytotoxic activities of ECP and EPX as well as their potent RNase activities
have been well documented and are generally conceived as part of the host
defence against viruses, parasites and helminths exerted by eosinophils. Polymorphisms in the genes of EPX and ECP are known to be linked to changes
of cytotoxic affect and protein content. Increased release of EPX and ECP has
been shown in patients with UC.

Innovations and breakthroughs

There are no previous studies focusing on the genetics of the eosinophil cationic proteins and inflammatory bowel disease (IBD). Studies of IBD and genetics in a gender and age dependent manner are few. With the present study, the
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authors have combined the two, enhancing the relation between the eosinophils
and IBD, and revealing the possible risk for cancer.

Applications

13

The study results have helped to attain an increased knowledge of the eosinophils role in IBD with focus on age and gender related differences. The results
also suggest that the determination of the EPX and ECP genotypes may contribute in patients risk stratification for cancer development.

14

Terminology

Eosinophil granulocyte: the eosinophil granulocyte is a pro inflammatory cell.
The cell participates in wound healing and host defence against parasites and
helminths. The cell is also present in the process of the allergic inflammation.
Eosinophil cationic proteins: the cationic proteins are granula proteins secreted
by activated eosinophils. The proteins are eosinophil specific and are therefore
often used as markers for the eosinophil activities. Single nucleotide polymorphism (SNP): this is a variation in the DNA sequence, occurring when a single
nucleotide (A, C, G or T) in the genome, differs between paired chromosomes
in an individual or in between individuals. If a SNP is present in the coding
region of a gene this may result in an amino acid change, influencing the phenotype of a specific gene.

15

16
17

Peer review

18

The authors of this paper report that polymorphisms in the EPX and ECP genes
are associated with IBD and contribute to the risk for the disease development
in a gender-specific manner. Furthermore, these polymorphisms seem to be
specifically related to the late-onset disease and to increased risk for colorectal
cancer in UC patients. The results of this large study are certainly interesting,
especially with the attention paid to gender-and age-stratified analysis which is
a typical shortcoming of most of the genetic studies in IBD.
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Glucose-responsive artificial promoter-mediated insulin
gene transfer improves glucose control in diabetic mice
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levels and body weights were monitored for 50 d.
Glucose and insulin tolerance tests were performed.
Immunohistochemical staining was performed to
investigate islet morphology and insulin content.
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RESULTS: Administration of rAd-SP-rINSfur lowered
blood glucose levels and normoglycemia was maintained for 50 d, whereas the rAd-CMV-βgal control
virus-injected mice remained hyperglycemic. Glucose
tolerance tests showed that rAd-SP-rINSfur-treated
mice cleared exogenous glucose from the blood more
efficiently than control virus-injected mice at 4 wk
[area under the curve (AUC): 21  508.80 ± 2248.18 vs
62  640.00 ± 5014.28, P < 0.01] and at 6 wk (AUC:
29  956.60 ± 1757.33 vs 60  016.60 ± 3794.47, P < 0.01).
In addition, insulin sensitivity was also significantly improved in mice treated with rAd-SP-rINSfur compared
with rAd-CMV-βgal-treated mice (AUC: 9150.17 ±
1007.78 vs 11  994.20 ± 474.40, P < 0.05). The islets
from rAd-SP-rINSfur-injected mice appeared to be
smaller and to contain a higher concentration of insulin
than those from rAd-CMV-βgal-injected mice.
CONCLUSION: Based on these results, we suggest
that insulin gene therapy might be one therapeutic option for remission of type 2 diabetes.

Abstract
AIM: To investigate the effect of insulin gene therapy
using a glucose-responsive synthetic promoter in type
2 diabetic obese mice.

© 2012 Baishideng. All rights reserved.

Key words: Insulin gene therapy; Synthetic promoter;
Glucose-responsive element; Liver-specific promoter;
Type 2 diabetes

METHODS: We employed a recently developed novel
insulin gene therapy strategy using a synthetic promoter that regulates insulin gene expression in the
liver in response to blood glucose level changes. We
intravenously administered a recombinant adenovirus
expressing furin-cleavable rat insulin under the control
of the synthetic promoter (rAd-SP-rINSfur) into diabetic
Lepr db/db mice. A recombinant adenovirus expressing
β-galactosidase under the cytomegalovirus promoter
was used as a control (rAd-CMV-βgal). Blood glucose
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context, intensive insulin therapy is the most effective
approach to achieve this goal[16]. For example, it has been
shown that patients injected once a day with long lasting insulin analogues showed significant improvement in
glucose control, lower HbA1c levels and fewer complications related to diabetes[20]. All of these results suggest
that earlier insulin treatment might be important to maintain blood glucose levels in type 2 diabetic patients.
Insulin gene therapy is a novel approach to deliver
the insulin gene into a target organ to express insulin
under the control of an insulin responsive promoter,
thus augmenting or replacing pancreatic insulin production. There have been several attempts to control blood
glucose level using insulin gene therapy[21-27]. However,
most studies were unsuccessful because of lack of an
effective promoter to control insulin gene expression.
Recently, we developed a novel synthetic promoter that
regulates insulin gene expression in the liver in response
to blood glucose level changes[28]. When diabetic mice
were infected with an adenoviral vector expressing the
insulin gene under this synthetic promoter, blood glucose
levels were controlled in the normal physiological range
for up to 1 mo[28]. In the present study, we employed the
same adenoviral vector system to investigate how insulin
supplementation through insulin gene therapy might preserve beta cell function and help control blood glucose
levels in a type 2 diabetic animal model.

Han J, Kim EH, Choi W, Jun HS. Glucose-responsive artificial
promoter-mediated insulin gene transfer improves glucose control
in diabetic mice. World J Gastroenterol 2012; 18(44): 6420-6426
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i44/6420.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i44.6420

INTRODUCTION
Type 2 diabetes is characterized by high blood glucose
levels in the context of insulin resistance[1]. Insulin resistance indicates that the body does not respond appropriately to serum insulin to regulate blood glucose levels[2].
This phenomenon is mainly caused by metabolic disorders such as obesity, hypertension, non-alcoholic fatty
liver disease and elevated serum lipid levels[3-7]. Several
peripheral organs contribute to an inappropriate insulin
response in the body, which include the liver, muscle, hypothalamus and adipose tissues[8]. For example, the liver
regulates blood glucose levels by storing glucose as glycogen and releasing glucose in response to serum insulin
changes; this regulation is lost in the insulin-resistant
state[9]. In adipocytes, insulin acts to inhibit lipolysis and
the release of fatty acids from adipose tissue by decreasing the activity of hormone-sensitive lipase and adipose
triglyceride lipase, which is attenuated in the insulin resistant state[10]. Muscle is another big player in regulating
blood glucose levels by taking up serum glucose through
GLUT4, a glucose transporter, in response to insulin[11].
Due to insulin resistance in the peripheral organs, more
insulin is required to maintain blood glucose levels in
physiological range, which is evidenced by hyperinsulinemia and impaired glucose tolerance prior to overt type
2 diabetes[12].
When type 2 diabetes is clinically diagnosed, only
50% of normal beta cell function remains[13]. The United
Kingdom Prospective Diabetes Study demonstrated
that beta cell function continues to deteriorate over
time despite treatment with diet, exercise, metformin,
sulfonylurea, or insulin[14]. Normal beta cells respond to
blood glucose level very efficiently; however, they lose
this responsiveness when they are exposed to high glucose levels or high lipid levels for prolonged periods[15].
This loss of responsiveness is easily reversed in the early
stages, so it is very important to keep blood glucose levels
low to sustain beta cell function during the pathogenesis
of type 2 diabetes[16]. Another consideration for gradual
loss of beta cell function is hyperinsulinemia, which is a
common characteristic of early stage type 2 diabetes[12].
Hyper-secretion of insulin from beta cells is beneficial
to control blood glucose levels, but it is paradoxically
detrimental to the beta cell itself. The increased demand
for insulin drives beta cells to synthesize insulin beyond
their capacity for protein folding and secretion, resulting
in endoplasmic reticulum stress[17-19]. Therefore, it is very
important to relieve the burden on beta cells to preserve
cell function during the pathogenesis of diabetes. In this

WJG|www.wjgnet.com

MATERIALS AND METHODS
Animals
Eight-week-old Leprdb/db mice were obtained from The
Jackson Laboratory (Bar Harbor, ME) or from the South
Korea Research Institute of Bioscience and Biotechnology (Daejeon, South Korea). Animals were maintained
under specific pathogen-free conditions and provided
with sterile food and water ad libitum at the Animal Resource Center, Faculty of Medicine, University of Calgary, Canada and at the facility at the Lee Gil Ya Cancer
and Diabetes Institute, Gachon University of Medicine
and Science. The use and care of the animals used in this
study were approved by the Animal Care Committee,
Faculty of Medicine, University of Calgary and Lee Gil
Ya Cancer and Diabetes Institute, Gachon University of
Medicine and Science.
Generation of recombinant adenovirus
Recombinant adenovirus expressing furin-cleavable rat
insulin cDNA under the control of the synthetic promoter (rAd-SP-rINSfur, Figure 1A) was produced as
described previously[28] using Transpose-AdTM Adenoviral
vector system (Qbiogene, Carlsbad, CA). For generation of adenoviruses expressing β-galactosidase under
the control of the cytomegalovirus (CMV) promoter
(rAd-CMV-βgal), the lacZ coding region from pSV-βgalactosidase vector (Promega, Madison, WI) was cloned
into the PCR259 transfer vector (Qbiogene), which has
the CMV promoter to drive transgene expression. Recombinant viruses were generated and amplified on a

6421

November 28, 2012|Volume 18|Issue 44|

Han J et al . Insulin gene therapy using a synthetic promoter

A

Synthetic promoter

Furin
L-PK Basal

B chain

HNF-1

Blood glucose level (mg/dL)

B

Furin

C-peptide
C/EBP

A-chain
GlRE/HNF-4

rAd-CMV-βgal (n = 16)
rAd-SP-rINSfur (n = 14)

600

Insulin tolerance tests
Animals were fasted for 6 h before injection of insulin
(NPH, Lilly, Indianapolis, IN, United States) at a dose
of 1.5 U/kg body weight. Blood samples were collected
from a small cut at the tip of the tail at 0, 15, 30, 45, 60,
90 and 120 min after the insulin challenge.
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C

cose monitor (Lifescan, Milpitas, CA, United States). For
glucose tolerance tests, animals were fasted for 6 h and
then a 1 mol/L glucose solution was administered via an
intraperitoneal injection at a dose of 2 g/kg body weight.
Blood samples were collected from a small cut at the tip
of the tail at 0, 15, 30, 60, 90 and 120 min after the glucose load.
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Immunohistochemistry
Pancreatic tissues were removed from virus-treated
Leprdb/db mice on day 50 after virus treatment. The samples were fixed with 10% buffered formalin, embedded
in paraffin, sectioned at 4.5 μm, and mounted on glass
slides. Hematoxylin and eosin staining was performed as
previously described[29]. For immunostaining with antiinsulin antibody, slides were treated with xylene, dehydrated in ethanol, and washed with tap water. Slides were
incubated with guinea pig anti-rat insulin antibody for 1 h
(1/200 in blocking buffer; DAKO, Carpiteria, CA, United
States), washed, and incubated in biotinylated anti-guinea
pig antibody (1/300) for 1 h. After washing, horseradish
peroxidase-conjugated streptavidin was diluted in blocking buffer (1/300) and added to cells for 1 h, followed
by color development using Vector VIP (Vector Laboratories, Burlingham, CA, United States) according to the
manufacturer’s instructions. After washing with tap water,
samples were counterstained with Meyer’s hematoxylin
solution.
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Figure 1 rAd-SP-rINSfur administration reduces high blood glucose levels to normal physiological range in Leprdb/db mice. A: Schematic diagram of
adenoviral construct expressing furin cleavable insulin gene under the control
of synthetic promoter. The synthetic promoter is composed of nine transcription
factor binding elements upstream of pyruvate kinase basal promoter (L-PK). A
furin-cleavable site was introduced at the junction of the B-chain and C-peptide;
B: Blood glucose levels; C: Body weights of Leprdb/db mice treated with rAdCMV-βgal or rAd-SP-rINSfur. Viruses were injected into experimental animals
at 12 wk of age with a dose of 3 × 1010 viral particles, and blood glucose levels
and body weights were monitored. Blood glucose levels and body weights
were measured between 2-4 pm during the day, and food and water were given
ad libitum during the experiments. All values are mean ± SE. Day 0 indicates
the day of viral injection. HNF-1: Hepatocyte nuclear factor-1; C/EBP: CCAAT
enhancer binding protein; GlRE: Glucose responsive elements; HNF-4: Hepatocyte nuclear factor-4.

Statistical analysis
All data are presented as mean ± SE. Differences between groups were evaluated using the Student t test,
with significance at P < 0.05.

RESULTS
Administration of rAd-SP-rINSfur reduces blood
glucosedb/db
levels to normal range in Leprdb/db mice

The Lepr
mouse is a well-known type 2 diabetic animal model that is homozygous for a point mutation in
the gene for the leptin receptor. The leptin hormone
plays a key role in regulating energy intake and energy
expenditure through its action on the leptin receptor[30].
Since the Lepr db/db mouse does not have a functional
leptin receptor, it loses its control over food intake,
leading to over-nutrition and obesity. To investigate the
effect of augmented insulin gene expression on type 2
diabetes, we injected a recombinant adenovirus expressing rat insulin under the control of a synthetic promoter
(rAd-SP-rINSfur, 3 × 1010 VP, Figure 1A) into diabetic

large scale in HEK293 cells and purified as previously
described[28]. Viral titer was determined by measurement
of optical density at 260 nm.
Blood glucose monitoring and glucose tolerance tests
All mice were given ad libitum access to food and water
during the experiments. Recombinant adenoviruses were
administered intravenously into Leprdb/db mice at 12 wk
of age via the tail vein, and blood glucose levels were
measured using a One-Touch Profile portable blood glu-
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Figure 2 rAd-SP-rINSfur administration improves glucose tolerance in Leprdb/db mice. Glucose (2 g/kg body weight) was administered by intraperitoneal injection, and blood glucose levels were measured at (A) 4 wk and (B) 6 wk (n = 4-6) after virus injection. The area under the curve (AUC) for each glucose tolerance test
was quantified. All values are mean ± SE. bP < 0.01 vs rAd-CMV-βgal group.

Leprdb/db mice (n = 14). As a viral control, we injected
adenovirus expressing β-galactosidase under the control
of the CMV promoter (rAd-CMV-βgal) at same dosage
into diabetic Leprdb/db mice (n = 16). Blood glucose levels
started to decrease as early as day 5 after rAd-SP-rINSfur
infection, whereas there was no significant change in the
blood glucose levels of rAd-CMV-βgal-infected mice.
Blood glucose levels reached the normal range on day 14
after virus infection, and were maintained up to 50 d after rAd-SP-rINSfur treatment, when animals were sacrificed (Figure 1B). We also checked the body weights during the experimental period. We found that there was no
significant difference between the experimental groups
(Figure 1C). These results indicate that augmented insulin gene expression maintained blood glucose levels in
the normal physiological range but did not affect body
weight gain.

to remove challenged glucose. Mice injected with the
control virus showed glucose intolerance, whereas mice
treated with rAd-SP-rINSfur showed improved glucose
clearance in response to glucose challenge (Figure 2A and
B). Since this result indicated improved glucose responsiveness, we also checked insulin sensitivity. In addition
to an enhanced ability to clear loaded glucose, the rAdSP-rINSfur-treated Leprdb/db mice showed significantly improved insulin sensitivity compared with the Leprdb/db mice
treated with control virus, which showed relative insulin
resistance (Figure 3).
rAd-SP-rINSfur administration preserves endogenous
islets in Leprdb/db mice
Since it is likely that the additional insulin expression
from the liver in rAd-SP-rINSfur treated Leprdb/db mice
might relieve the burden that was imposed on the beta
cells in diabetic insulin-resistant Leprdb/db mice, we expected that beta cells would be protected in rAd-SP-rINSfur
treated mice. In Leprdb/db mice, it is known that the increased demand for insulin causes beta cell hypertrophy
to generate more insulin[31], which is a typical characteristic of this type 2 diabetic animal model. Consistently, the
islets in Leprdb/db mice injected with rAd-CMV-βgal virus

rAd-SP-rINSfur administration improves glucose and
insulin tolerance in Leprdb/db mice
Next, we investigated the ability of rAd-SP-rINSfurtreated mice to clear serum glucose during a glucose tolerance test. At 4 and 6 wk after virus injection, there was
a significant difference between the groups in the ability
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Figure 3 rAd-SP-rINSfur administration improves insulin tolerance in Leprdb/db mice. Insulin (1.5 U/kg body weight, ip) was administered to mice injected with
rAd-CMV-βgal or rAd-SP-rINSfur at 5 wk after virus injection (n = 4-6), and blood glucose levels were measured. The area under the curve (AUC) for each insulin tolerance test was quantified. All values are mean ± SE. aP < 0.05 vs rAd-CMV-βgal group.
HE staining

Insulin staining
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Figure 4 rAd-SP-rINSfur
administration preserves
endogenous islets in
Leprdb/db mice. Pancreatic
samples were obtained
from rAd-CMV-βgal and
rAd-SP-rINSfur virus-treated animals on day 50 after
virus injection. Tissue sections were prepared and
stained with hematoxylin
and eosin (HE) or stained
with anti-insulin antibody.
(A) is 20 × and (B) is 40 ×
magnification.
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the host’s immune system[28]. Our previous study clearly
showed that an insulin gene delivered by gene therapy
was cleared by immune surveillance and thus the effect
of the gene was transient[28]. This transient effect can
be overcome by using the new generation of adenoviral
vectors that lack most of the viral components, enabling
them to escape the host’s immune system[35]. Using lentivirus is another option for prolonging the expression period. This viral vector enables the transgene to integrate
into the host chromosome for long-term expression of
the transgene[35].
In this study, we successfully improved glucose management in a type 2 diabetic animal model through preservation of beta cells; however, there are several considerations
to improve the current study. First, we need to extend the
insulin gene expression for a longer time. Second, we need
to consider safety. Even though expression of an insulin
gene is beneficial to manage the blood glucose level, there is
potential risk of hypoglycemia[36,37]. Therefore, precautions
must be taken to avoid any risk that can be encountered in
a future clinical study.

were larger than those in rAd-SP-rINSfur-treated mice
(Figure 4A). This result suggests that there is less demand
for insulin, which will relieve the beta cells from overproduction of insulin. In addition to the size, there seemed
to be greater insulin content in the islets from rAd-SPrINSfur-treated mice (Figure 4B), as shown by darker
immunocytochemical staining for insulin, indicating that
beta cell function is also preserved by augmented insulin
gene expression by insulin gene therapy.

DISCUSSION
The prevalence of type 2 diabetes is increasing in developed and especially in developing countries including
South Korea[32]. In the early period of diagnosis, blood
glucose levels can be managed by exercise and oral medication such as rosiglitazone[13]. However, during progression of disease, these approaches do not control blood
glucose levels, and eventually diabetic patients need insulin treatment, as in type 1 diabetes, because the beta cells
do not respond to glucose change or the beta cell mass
is significantly reduced[13]. This phenomenon is likely due
to prolonged high blood glucose levels (glucotoxicity)
and/or high blood lipid levels (lipotoxicity) under insulin resistance status. In addition, beta cells over-produce
insulin to compensate for insulin resistance, resulting in
endoplasmic reticulum stress, which is known to be one
of the main causes of beta cell death in type 2 diabetes.
In this context, it is important to find an approach to preserve beta cell function and mass during the early stage
of type 2 diabetes. In fact, it was reported that in newly
diagnosed type 2 diabetic patients with elevated fasting
glucose levels, a short period of intensive insulin therapy
helped patients control blood glucose levels in an acceptable range for a long time[33].
In this study, we demonstrated that additional insulin production by insulin gene therapy improved serum
glucose management and glucose tolerance in a type 2
diabetic animal model. In addition to these beneficial
effects, there was improved insulin tolerance, indicating that insulin gene therapy is also beneficial for insulin
sensitivity. Better glucose management can be explained
by increased insulin sensitivity in the liver because of the
autocrine action of insulin produced by liver per se. In addition, relieving the burden of insulin production would
enable beta cells to store more insulin in the vesicles for
later needs. We showed that islets from mice injected with
rAd-SP-rINSfur appear smaller and appear to contain
more insulin compared with control mice, which suggests
that glucose tolerance is improved due to enough insulin
reservoirs. In addition, lower blood glucose levels are
beneficial to preserve beta cell function to secrete insulin
in response to serum glucose level changes[34].
Although there was improved glucose tolerance and
insulin sensitivity, these effects were attenuated in the
later period of treatment. It is most likely that insulin
gene expression gradually decreases due to clearance by
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injections.
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Abstract
AIM: To investigate the capacity for 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET)
to evaluate patients with gastrointestinal lesions of follicular lymphoma.
METHODS: This retrospective case series consisted
of 41 patients with follicular lymphoma and gastrointestinal involvement who underwent 18F-FDG-PET
and endoscopic evaluations at ten different institutions
between November 1996 and October 2011. Data for
endoscopic, radiological, and biological examinations
performed were retrospectively reviewed from clinical records. A semi-quantitative analysis of 18F-FDG
uptake was performed for each involved area by calculating the maximum standardized uptake value (SUVmax). Based on the positivity of 18F-FDG uptake in the
gastrointestinal lesions analyzed, patients were subdivided into two groups. To identify potential predictive
factors for 18F-FDG positivity, these two groups were
compared with respect to gender, age at diagnosis of
lymphoma, histopathological grade, pattern of follicular dendritic cells, mitotic rate, clinical stage, soluble
interleukin-2 receptor levels detected by 18F-FDG-PET,
lactate dehydrogenase (LDH) levels, hemoglobin levels,
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bone marrow involvement, detectability of gastrointestinal lesions by computed tomography (CT) scanning,
and follicular lymphoma international prognostic index
(FLIPI) risk.

Suzuki S, Kawai Y, Yoshino T, Kawahara Y, Takaki A, Yamamoto
K. Diagnostic role of 18F-fluorodeoxyglucose positron emission tomography for follicular lymphoma with gastrointestinal
involvement. World J Gastroenterol 2012; 18(44): 6427-6436
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i44/6427.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i44.6427

RESULTS: Involvement of follicular lymphoma in the
stomach, duodenum, jejunum, ileum, cecum, colon,
and rectum was identified in 1, 34, 6, 3, 2, 3, and 6
patients, respectively. No patient had esophageal involvement. In total, 19/41 (46.3%) patients exhibited
true-positive 18F-FDG uptake in the lesions present in
their gastrointestinal tract. In contrast, false-negative
18F-FDG uptake was detected in 24 patients (58.5%),
while false-positive 18F-FDG uptake was detected in
5 patients (12.2%). In the former case, 2/19 patients
had both 18F-FDG-positive lesions and 18F-FDGnegative lesions in the gastrointestinal tract. In patients
with 18F-FDG avidity, the SUVmax value of the involved
gastrointestinal tract ranged from 2.6 to 17.4 (median:
4.7). For the 18F-FDG-negative (n = 22) and -positive
(n = 19) groups, there were no differences in the male
to female ratios (10/12 vs 4/15, P = 0.186), patient
age (63.6 ± 2.4 years vs 60.1 ± 2.6 years, P = 0.323),
presence of histopathological grade 1 vs 2 (20/2 and
17/2, P = 1.000), follicular dendritic cell pattern (duodenal/nodal: 13/5 vs 10/3, P = 1.000), mitotic rate (low/
partly high, 14/1 vs 10/3, P = 0.311), clinical stage according to the Ann Arbor system (stages ⅠE and ⅡE/
other, 15/7 vs 15/4, P = 0.499), clinical stage according
to the Lugano system (stages Ⅰ and Ⅱ-1/other, 14/8 vs
14/5, P = 0.489), soluble interleukin-2 receptor levels
(495 ± 78 vs 402 ± 83, P = 0.884), LDH levels (188 ±
7 vs 183 ± 8, P = 0.749), hemoglobin levels (13.5 ± 0.3
vs 12.8 ± 0.4, P = 0.197), bone marrow involvement
(positive/negative, 1/8 vs 1/10, P = 1.000), detectability by CT scanning (positive/negative, 1/16 vs 4/13, P
= 0.335), and FLIPI risk (low risk/other, 16/6 vs 13/6,
P = 0.763), respectively in each case.

INTRODUCTION
To date, 18F-fluorodeoxyglucose (18F-FDG) positron
emission tomography (PET) has been widely used for
the initial staging of various malignant diseases, as well
as for the evaluation of therapeutic responses[1-5]. Similar
to other types of lymphomas[6-10], follicular lymphoma
exhibits a high avidity for 18F-FDG[11-15]. Correspondingly, the percentage of patients with 18F-FDG-avid follicular lymphoma has been reported to range from 91%
to 100%[16-20]. Furthermore, nodal and extranodal lesions
not detected by other modalities have been identified using 18F-FDG-PET, thereby resulting in a significant advance in lesion management[18-22]. The usefulness of posttreatment 18F-FDG-PET during the follow-up period in
cases of follicular lymphoma has also been noted, with
positive 18F-FDG accumulation suggesting an adverse
outcome[23-25]. Consequently, 18F-FDG-PET is considered a valuable tool for the management of nodal follicular lymphoma.
Despite these advantages, few studies have addressed
the use of 18F-FDG-PET for gastrointestinal involvement of follicular lymphoma. In 2004, Hoffmann et al[26]
reported eight cases of follicular lymphoma localized in
the duodenum, and 18F-FDG did not accumulate in any
of those patients. Subsequently, several authors described
follicular lymphoma patients with positive 18F-FDG uptake in the gastrointestinal tract, including the stomach,
duodenum, jejunum, ileum, cecum, and colon[27-30]. However, a limited number of these cases have been reported
Therefore, the sensitivity of 18F-FDG-PET for gastrointestinal lesions of follicular lymphoma has not been sufficiently evaluated.
In this study, 18F-FDG-PET results and clinical characteristics of 41 follicular lymphoma patients with gastrointestinal involvement were retrospectively examined.
Based on these results, the role of 18F-FDG-PET in the
management of these cases was evaluated.

CONCLUSION: These findings indicate that it is not
feasible to predict 18F-FDG-avidity. Therefore, 18FFDG-PET scans represent a complementary modality
for the detection of gastrointestinal involvements in
follicular lymphoma patients, and surveillance of the
entire gastrointestinal tract by endoscopic examinations
is required.
© 2012 Baishideng. All rights reserved.

Key words: Follicular lymphoma; Gastrointestinal endoscopy; 18F-fluorodeoxyglucose positron emission
tomography; Gastrointestinal lymphoma; Duodenal
neoplasm

MATERIALS AND METHODS
A database search performed at the Department of Pathology of Okayama University Graduate School of
Medicine, Dentistry, and Pharmaceutical Sciences identified follicular lymphoma patients with gastrointestinal
involvement (n = 80) treated at ten collaborating institutions between November 1996 and October 2011. The
diagnosis of follicular lymphoma was made according to
World Health Organization (WHO) classifications[31,32].

Peer reviewer: Majid Assadi, MD, Associate Professor, the
Persian Gulf Biomedical Sciences Institute, Bushehr University
of Medical Sciences, Boostan 19 Alley, Sangi Street, Bushehr
7514763448, Iran
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Figure 1 Typical histological features of follicular lymphoma. A, B: Small cleaved cells that infiltrated the duodenal mucosa and formed lymphoid follicles are
present (hematoxylin and eosin staining); C: Representative immunohistochemical staining of lymphoma cells negative for CD3; D: Lymphoma cells positive for CD10;
E: Lymphoma cells positive for BCL-2. All of the images shown are at 40 × magnification, except for panel B which is at 400 × magnification.

A histological diagnosis was based on morphologic and
immunophenotypic analyses of endoscopically biopsied
specimens or surgically resected specimens (Figure 1).
Histopathological grading was also determined according
to WHO criteria[31]. Patients with grade 3 follicular lymphoma were excluded from this study since these cases
are typically managed as diffuse large B cell lymphoma[31].
A subset of the 80 patients examined were also subjects
of our previous studies[33-36].
Of the 80 patients identified, 30 were excluded since
they did not undergo 18F-FDG-PET. Nine patients were
further excluded from this study, and these included:
four patients that received systemic chemotherapy and
remained in complete remission during their 18F-FDGPET examination, four patients that underwent surgical
resection of gastrointestinal lesions and 18F-FDG-PET
scans were postoperatively performed, and one patient
that underwent 18F-FDG-PET during their initial staging, and later was diagnosed with follicular lymphoma by
laparotomy. In the latter case, the patient was not endoscopically evaluated preoperatively. Therefore, a total of
41 patients were enrolled in this study, and data regarding
endoscopic, radiological, and biological examinations
performed were retrospectively reviewed from their clinical records. Gastrointestinal involvement was defined by
gross findings of endoscopic examinations which included esophagogastroduodenoscopy, colonoscopy, doubleballoon enteroscopy, and/or video capsule endoscopy.
Typically, small, whitish polypoid nodules up to 2 mm in
diameter were observed[37,38]. In cases involving an atypical endoscopic appearance, a histopathological assessment of biopsy specimens was performed to confirm a
diagnosis of gastrointestinal involvement.

WJG|www.wjgnet.com

For all patients, 18F-FDG-PET was performed after
patients had fasted for at least 4 h, and it was confirmed
that their serum glucose levels were below 150 mg/dL.
Moreover, 18F-FDG-PET was preceded by a low-dose
computed tomography (CT) scanning, and these scans
were used to correct attenuation and to localize anatomical variations visualized in 18F-FDG-PET. The time to
initiation of 18F-FDG-PET following the intravenous
administration of 18F-FDG also varied according to
institution (i.e., 60, 90, or 120 min). A semi-quantitative
analysis of 18F-FDG uptake was then performed for
each involved area by calculating the maximum standardized uptake value (SUVmax).
Based on the positivity of 18F-FDG uptake in the
gastrointestinal lesions analyzed, patients were divided
into two groups. To identify potential predictive factors
for 18F-FDG positivity, patient gender, age at diagnosis
of lymphoma, clinical stage, bone marrow involvement,
histopathological grade, soluble interleukin-2 receptor (sIL-2R) levels, lactate dehydrogenase (LDH) levels,
and hemoglobin levels were evaluated. CD21 and CD23
staining were also performed to characterize duodenal
patterns and nodal patterns of follicular dendritic cells
present, as previously described[35]. To estimate the mitotic rate, Ki-67 staining was performed. Positive staining of
0%-5% of cells was classified as a low mitotic rate, while
> 5% positivity was classified as high mitotic activity. The
Lugano staging system for classification of gastrointestinal lymphoma[39,40], and the classical Ann Arbor staging
system for nodal lymphoma[41], were used to determine
patients’ clinical stages. The follicular lymphoma international prognostic index (FLIPI) was used as well[42].
Despite FLIPI-2 recently being introduced as an updated
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Figure 2 Endoscopic images of follicular lymphoma. A: A gastric lesion with thickened rugae exhibiting a slight redness; B: Typical features of the whitish polypoid
granules observed in the duodenum; C: Whitish polypoid lesions in the jejunum; D: Indigo carmine contrast was used to emphasize the slightly elevated small polyps
present in the colon; E: An elevated lesion with a flat surface and a 20 mm diameter was observed in the rectum; F: In another patient, polypoid lesions exhibiting hypervascularity on the surface were detected in the rectum.

prognostic index[43], it was not employed in this study
since beta-2-microglobulin levels were not available for
all of the patients. In some patients, CT scanning was
separately performed from 18F-FDG-PET, and the detectability of gastrointestinal lesions by CT scanning was
also analyzed.
For comparisons of the two groups, statistical analyses were performed by JMP 8.0.1 software (SAS Institute,
Cary, NC, United States), which included t-tests, χ 2 tests,
and F-tests. A P-value less than 0.05 was considered statistically significant.

accumulation of small, whitish polypoid nodules (Figure
2B). For the other two patients, one presented with erosions having peripheral whitish mucosa in the duodenum,
while the other had confluent whitish granules in the
duodenum. These atypical macroscopic features were
previously described[44,45]. Jejunal involvement was identified in six patients. Ileal lesions were found in three patients. In the jejunum and ileum, small whitish polypoid
nodules, or ulcerative tumors, were observed (Figure 2C).
The cecum was found to be involved in two cases, the
colon in three patients, and the rectum in six patients. For
cases involving the cecum and the colon, multiple polypoid lesions of various sizes were identified (Figure 2D).
Moreover, rectal involvement varied in morphology, with
nodules, polyps, submucosal tumors, and laterally spreading tumors observed (Figures 2E, F).
Representative images of 18F-FDG-PET performed
are shown in Figures 3-6. In addition, the results of 18FFDG accumulation in the gastrointestinal tract are summarized in Table 1. The sensitivity of 18F-FDG-PET
for the detection of gastrointestinal lesions ranged from
33.3% to 100%. It is noteworthy that sensitivity for duodenal involvement was only identified in 35.3% of cases,
while the duodenum was the most frequently affected
site[41]. In total, 19 of the 41 patients (46.3%) exhibited
true-positive 18F-FDG uptake in the involved gastrointestinal tract. Furthermore, two of these cases had both
18F-FDG-positive lesions and 18F-FDG-negative lesions
present in the same gastrointestinal tract. In one patient,

RESULTS
For detection of gastrointestinal lesions, an esophagogastroduodenoscopy was performed for all 41 patients
included in this study. However, for one patient with
colonic follicular lymphoma, the results of the esophagogastroduodenoscopy performed at another referral center
were not available. Colonoscopies were also performed
for 29/41 patients. For these patients, the small intestines
were evaluated by double-balloon enteroscopy (n = 7),
video capsule endoscopy (n = 6), or both methods (n = 3).
None of the patients had esophageal involvement. Furthermore, one patient had involvement of the stomach
which manifested with thickened rugae observed to have
a slight redness to its surface (Figure 2A). Involvement of
the duodenum was identified in 34 patients, with the duodenal lesions present in 32 of these patients exhibiting an

WJG|www.wjgnet.com
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Figure 3 A 60-year-old male patient with duodenal follicular lymphoma without nodal lesions (Lugano system stage Ⅰ, grade 1). A: An esophagogastroduodenoscopy detected features typical of primary duodenal follicular lymphoma, including small whitish nodules; B, C: 18F-fluorodeoxyglucose positron emission tomography detected tracer uptake in the duodenal second portion (indicated with arrows).

B

A

C

D

Figure 4 A 65-year-old female patient with duodenal and jejunal follicular lymphoma and intra-abdominal lymph node involvement (Lugano system stage
Ⅱ-1, grade 1). A: An esophagogastroduodenoscopy revealed small whitish nodules present in the duodenum; B: Video capsule endoscopy also identified small nodules present in the jejunum; C, D: 18F-fluorodeoxyglucose positron emission tomography detected tracer uptake in the duodenum (C) and the jejunum (D).

tected by CT involved the duodenum in two cases, the
jejunum in one case, and the ileum in two cases. In all
cases, gastrointestinal involvement was accompanied by
a thickness of the intestinal wall. In 13 cases, gastrointestinal lesions that were not detected by CT scanning
were identified by 18-FDG-PET. Moreover, 18F-FDGPET detected affected extra-gastrointestinal organs that
were not diagnosed by CT scanning. These included the
pleura, diaphragm, and adrenal grand in one patient, the
pharynx in another, and diffuse splenic invasion in a third
patient. Furthermore, regarding the latter patient, the
results of 18F-FDG-PET resulted in an upgrade of the
Ann Arbor clinical staging from ⅡE to ⅢES, and in the
Lugano system from stage Ⅱ-2 to stage Ⅳ (Figure 6). In
regard to 18F-FDG-avid patients, the SUVmax value of
the involved gastrointestinal tract region ranged from 2.6
to 17.4 (median: 4.7). Moreover, while one patient had a
relatively high SUVmax value of 17.4, the other patients
had the SUVmax values less than 10.
A comparison of patients with positive 18F-FDG
uptake by their gastrointestinal lesions vs those with negative 18F-FDG uptake had no difference in their clinical
backgrounds (Table 2). No differences in patient gender,
age at the time of diagnosis of lymphoma, clinical stage
according to the Ann Arbor and Lugano systems, bone

Table 1 Accumulation of 18F-fluorodeoxyglucose detected
in the gastrointestinal tract
Positive involvement True-positive False-positive Sensitivity
(defined by
18F-FDG
18F-FDG
(%)
endoscopy)
uptake
uptake
Esophagus
Stomach
Duodenum
Jejunum
Ileum
Cecum
Colon
Rectum

0
1
34
6
3
2
3
6

0
1
12
5
1
2
1
3

0
1
0
0
1
0
1
2

NA
100.0
35.3
83.3
33.3
100.0
33.3
50.0

18F-FDG: 18F-fluorodeoxyglucose; NA: Not available.

the duodenum, ileum, cecum, colon, and rectum were
endoscopically involved, yet 18F-FDG only accumulated
in the ileum, cecum, and colon (Figure 5). Another patient had involvement of the duodenum and ileum, yet
only the ileal lesion accumulated 18F-FDG. On the other
hand, false-positive 18F-FDG uptake was identified in
five patients (12.2%), and false-negative 18F-FDG uptake
was found in 24 patients (58.5%).
Thirty-four patients underwent CT scanning separate from 18F-FDG-PET. Gastrointestinal lesions de-
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A

B

C

D

Figure 5 A 37-year-old female patient with systemic follicular lymphoma and extended gastrointestinal involvement from the duodenum to the rectum (stage
Ⅳ, grade 1). A: An esophagogastroduodenoscopy detected small whitish nodules present in the duodenum; B, C: A colonoscopy revealed multiple polyps present in
the ileum (B), cecum, colon (C), and rectum. Jejunal involvement was confirmed by video capsule endoscopy; D: During 18F-fluorodeoxyglucose positron emission
tomography, tracer uptake was only noted in the ileum and colon.

A

B

C

Figure 6 A 61-year-old female patient with follicular lymphoma and duodenal involvement (Lugano system stage Ⅳ, grade 1). A: In the duodenum, small
whitish nodules were observed; B: 18F-fluorodeoxyglucose positron emission tomography (18F-FDG-PET) detected tracer uptake in the duodenum (indicated with an
arrow); C: 18F-FDG-PET identified diffuse lymphoma infiltration into the spleen (indicated with an arrow), which was not detected by computed tomography scanning.
In this case, these results upgraded the clinical stage.

marrow involvement, histopathological grade, pattern of
follicular dendritic cells, mitotic rate, sIL-2R, LDH, hemoglobin levels, FLIPI, and detectability of gastrointestinal lesions by CT scanning were found between the two
patient groups.

In contrast, false-negative 18F-FDG uptake was detected
in 24 patients (58.5%), 22 patients (53.7%) exhibited false
negative 18F-FDG uptake, and 2 patients (4.9%) showed
both true positive and false negative 18F-FDG uptake in
gastrointestinal lesions. These results indicate that 18FFDG-PET is not a reliable imaging tool for evaluating
the involvement of the gastrointestinal tract, since greater
than half of the patients showed false-negative lesions.
It is well-known that follicular lymphoma often affects
multiple gastrointestinal tracts. For example, in our previous report, 46 of 54 duodenal follicular lymphoma
patients (85.2%) who underwent whole gastrointestinal
tract surveillance had extensive involvement within the

DISCUSSION
To the best of our knowledge, this is the largest study
on the sensitivity of 18F-FDG-PET for gastrointestinal
involvement of follicular lymphoma. Nineteen of our 41
patients showed true 18F-FDG uptake in the involved
gastrointestinal tract, resulting in a sensitivity of 46.3%.
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eter[37,38]. Generally, these lesions remain small and rarely
form bulky tumors. In the present report, gastrointestinal lesions could not be detected by CT scanning in 29
of 34 cases (85.3%). In contrast, CT scanning was able
to detect gastrointestinal lesions in five cases, four of
which showed 18F-FDG uptake. Therefore, although
the sensitivity of CT scanning did not statistically correlate with 18F-FDG avidity, small tumor volume appears
to have contributed to the false-negative 18F-FDG uptake results obtained. Second, the intensity of 18F-FDG
uptake in follicular lymphoma is relatively low compared
with aggressive lymphomas[50,51]. A SUVmax value is a
relative quantification of local radiotracer accumulation.
Schöder et al[50] reported SUVmax values for nodal lesions in indolent and aggressive lymphomas to be 7.0
± 3.1 and 19.6 ± 9.3, respectively (P < 0.01). They also
noted that a SUVmax value > 10 excluded indolent lymphoma with a specificity of 81%. In the present study,
all but one patient had a SUVmax value < 10, and the
results of the present findings are in concordance with
data reported in an earlier study[50]. Consequently, small
tumor volume and low tracer uptake intensity represent
factors that can contribute to false-negative findings.
False-positive FDG uptake by the gastrointestinal
tract is another disadvantage associated with 18F-FDGPET. In this study, five patients had a false-positive
18F-FDG uptake detected in the gastrointestinal tract.
Previously it was proposed that physiological peristaltic
activity, normal gastrointestinal lymphoid tissue, and
granulomatous or inflammatory conditions such as enterocolitis, Crohn’s disease, tuberculosis, hemorrhoids, or
diverticulitis can cause false-positive 18F-FDG uptake in
the gastrointestinal tract[52]. However, physiologic uptake
in the gastrointestinal tract is usually diffuse and its intensity generally moderate. In contrast, intense 18F-FDG
uptake can be detected under granulomatous or inflammatory conditions, and even in constipated patients[53-55].
Therefore, both false-positive, and false-negative, 18FFDG-uptake represent potential pitfalls in evaluating
possible lymphoma involvement of the gastrointestinal
tract.
Despite these disadvantages, there are several benefits to the application of 18F-FDG-PET to follicular
lymphoma patients with gastrointestinal involvement.
First, as demonstrated in the present study, 18F-FDGPET was able to detect a greater number of involved
gastrointestinal sites than CT scanning. For example, 34
patients underwent both CT scanning and 18F-FDGPET. Of these, 13 (38.2%) had gastrointestinal lesions
that were not detected by CT scanning. Second, 18FFDG-PET was able to detect extra-gastrointestinal sites
of involvement. For example, extra-gastrointestinal sites
were detected in three patients, and this resulted in an
upgrade of clinical stage for one of these patients (Figure 6). Similarly, previous studies of nodal cases found
that the clinical staging of follicular lymphoma patients
needed to be modified in 18% to 31% of cases based on
18F-FDG-PET results[17,19,22]. This aspect is particularly

Table 2 Clinical backgrounds of the study subjects (mean ±
SD)
Negative FDG
Positive FDG
P value
uptake in GI tract uptake in GI tract
No. patients (n)
22
Male/female
10/12
Age (yr) at diagnosis
63.6 ± 2.4
of FL
WHO grade
Grade 1
20
Grade 2
2
Follicular dendritic cell pattern
Duodenal
13
Nodal
5
Mitotic rate
Low
14
Partly high
1
Ann Arbor system staging
ⅠE
12
ⅡE
3
ⅢES
1
Ⅳ
6
Lugano system staging
Ⅰ
12
Ⅱ-1
2
Ⅱ-2
1
Ⅳ
7
sIL-2R
495 ± 78
LDH
188 ± 7
Hb
13.5 ± 0.3
Bone marrow involvement
Positive
1
Negative
8
Detection of GI lesions by CT
Positive
1
Negative
16
FLIPI risk
Low
16
Intermediate
3
Poor
3

19
4/15
60.1 ± 2.6

0.186
0.323
1.000

17
2
10
3

1.000
0.311

10
3
0.499
11
4
0
4
0.489
10
4
1
4
402 ± 83
183 ± 8
12.8 ± 0.4

0.884
0.749
0.197
1.000

1
10
0.335
4
13
0.763
13
3
3

FDG: Fluorodeoxyglucose; GI: Gastrointestinal; FL: Follicular lymphoma;
sIL-2R: Soluble interleukin-2 receptor; CT: Computed tomography;
FLIPI: Follicular lymphoma international prognostic index; LDH: Lactate
dehydrogenase; WHO: World Health Organization.

small intestine, predominantly in the jejunum (i.e., 40
of 54 patients, 74.1%)[44]. These data are consistent with
those reported in other studies where the percentage of
patients with multiple lymphoma lesions in the small intestine ranged from 66.7% to 100%[29,46-49]. Therefore, in
combination, these results suggest that 18F-FDG-PET
represents a complementary method for assessing gastrointestinal involvement of follicular lymphoma.
Regarding the false-negative 18F-FDG-PET results
obtained in this study, there are many conditions to
consider. First, some of the lymphoma lesions may have
been too small to be detected by 18F-FDG-PET[28]. For
example, nodes less than 1 to 1.2 cm in diameter have
previously been shown to exhibit a false-negative 18FFDG uptake[17,50]. In addition, the representative endoscopic features of gastrointestinal follicular lymphoma,
especially in small intestinal cases, include the presence
of small, whitish polypoid nodules up to 2 mm in diam-
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vital for stage Ⅰ or stage Ⅱ patients under consideration
for radiotherapy as a curative treatment, since most treatment failures occur outside the involved field of radiotherapy[56]. Thirdly, 18F-FDG-PET can be used to evaluate treatment response if a patient has 18F-FDG-avid
gastrointestinal lesions. In nodal follicular lymphoma,
disappearance of 18F-FDG accumulation after completion of treatment has been associated with a favorable
outcome[23-25]. Although the cost and benefit (e.g., sensitivity, specificity, and patient acceptability) of 18F-FDGPET vs other modalities, including the combination of
CT scanning and endoscopic examinations, remains to be
investigated, 18F-FDG-PET represents an option for assessing the therapeutic effect in cases of gastrointestinal
involvement of follicular lymphoma.
There were also several limitations associated with this
study. First, not all of the patients underwent endoscopic
surveillance for the entire gastrointestinal tract. In particular, the small intestine was not evaluated in 25 patients,
although multiple sites, including the jejunum and ileum,
were frequently involved[34]. As a result, an overestimation of 18F-FDG-PET sensitivity may have occurred.
Second, 18F-FDG-PET was performed under different
conditions since the patients included had been treated
at various institutions. For example, the period of time
between the intravenous administration of 18F-FDG
and the initiation of 18F-FDG-PET varied between 60
and 120 min. It is possible that other differences in methodology among the participating institutions may have
affected the positivity of 18F-FDG uptake and SUVmax
values as well[57,58].
In conclusion, 19 of 41 follicular lymphoma patients
(46.3%) exhibited true-positive 18F-FDG uptake in the
involved gastrointestinal tract. In contrast, false-negative
18F-FDG uptake was detected in 24 patients (58.5%).
There were also no differences found between the 18FFDG-PET-positive group and the 18F-FDG-PETnegative group based on the clinical backgrounds of the
patients examined, suggesting that it is not feasible to
predict 18F-FDG-avidity. However, 18F-FDG-PET may
facilitate the detection of gastrointestinal and extra-gastrointestinal sites of involvement. Therefore, we propose
that 18F-FDG-PET represents a complementary method
for the detection of gastrointestinal lesions of follicular
lymphoma. However, endoscopic examinations should
be performed to monitor the entire gastrointestinal tract.

nosed with gastrointestinal follicular lymphoma has been increasing. In the area
of management of gastrointestinal follicular lymphoma, the research hotspot is
what role does 18F-FDG-PET play in the initial staging.

Innovations and breakthroughs

In 2004, Hoffmann et al reported eight cases of follicular lymphoma localized
in the duodenum, and they noted that 18F-FDG did not accumulate in any of
those patients. Subsequently, several authors described follicular lymphoma
patients with positive 18F-FDG uptake in the gastrointestinal tract including
the stomach, duodenum, jejunum, ileum, cecum, and colon, but the number
of reported cases is limited. Taken together, these inconsistent results indicate
that the sensitivity of 18F-FDG-PET for gastrointestinal lesions of follicular lymphoma has not been sufficiently evaluated. Here, the authors provide the first
report of the sensitivity of 18F-FDG-PET for the detection of gastrointestinal
involvement in follicular lymphoma patients, 46.3%.

Applications

This study results indicates that 18F-FDG-PET may represent a complementary
modality for the management of patients with gastrointestinal follicular lymphoma.

Peer review

The authors assessed 41 patients with follicular lymphoma and gastrointestinal involvement, who underwent 18F-FDG-PET and endoscopic evaluations.
They demonstrated 46.3% true-positive of 18F-FDG PET in the lesions of the
involved gastrointestinal tract. False-negative 18F-FDG uptake was 58.5%, and
false-positive was 12.2%. They emphasized on the complementary role of 18FFDG-PET scan in the diagnosis of gastrointestinal involvements in follicular
lymphoma patients. This is a good descriptive study in this query which there is
just limited available data.
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Clonal evolution of hepatitis B virus polymerase gene
mutations during lamivudine-adefovir combination
treatment
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Chang Hong Lee
showed non-response to rescue LMV-ADV combination
therapy were collected sequentially at a time before
the antiviral treatment and then during the LMV monotherapy, ADV monotherapy, and LMV-ADV combination
therapy. For the genotypic analysis, the whole 1310-bp
polymerase gene region was amplified, cloned and sequenced.
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RESULTS: All patients had been previously treated
with 100 mg of LMV once daily for a 15- to 26-mo period. The emergence of resistance mutations to LMV,
such as rtM204V/I and/or rtL180M, were found in all
patients. Their antiviral regimens were switched to
ADV monotherapy as the second line treatment. All patients had viral breakthrough or non-response after the
LMV-ADV sequential monotherapy. ADV-resistant mutations were detected after 13 to 19 mo of LMV-ADV sequential monotherapy. The rtA181V/T mutations were
predominantly identified during the ADV treatment in
the LMV-resistant patients. Twenty-seven of 38 clones
were combined with an amino acid change at rt181;
three clones had mutations in rt236 and one clone had
a combined mutation. The rtA181V/T mutations were
not suppressed by the LMV-ADV combination therapy.
Thirty-nine of 64 clones showed an rtA181V/T mutation and six clones showed combined mutations in
rt181 and rt236. Mutations in rt204 re-emerged during
the combination treatment. The rt181 and rt204 mutations did not co-exist in one clone.

Abstract
AIM: To identify hepatitis B virus polymerase gene
mutations during antiviral therapy using lamivudineadefovir sequential monotherapy followed by lamivudine-adefovir combination therapy.
METHODS: The patient cohort included four adult
chronic hepatitis B patients who had undergone sequential monotherapy, first with lamivudine (LMV)
and then, after developing viral breakthrough, with
adefovir (ADV) therapy. All of the patients had non-response or viral breakthrough after LMV-ADV sequential
monotherapy, which resulted in the switching of their
antiviral regimen to LMV-ADV combination therapy.
Eleven serum samples from the four patients who
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CONCLUSION: Add-on lamivudine therapy with adefovir for adefovir resistance may not suppress the
pre-existing adefovir-resistant mutation that develops
during lamivudine-adefovir sequential monotherapy.
© 2012 Baishideng. All rights reserved.

Key words: Hepatitis B virus; Lamivudine; Adefovir;
Mutation; Drug resistance
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Patients
From January 2003 to July 2007, four adult chronic hepatitis B patients who showed non-response during LMVADV combination therapy were identified at Konkuk
University Medical Center in Seoul, South Korea. All
patients had undergone sequential monotherapy, first
with LMV and then, after developing viral breakthrough,
with ADV therapy. All of the patients had non-response
or viral breakthrough after the LMV-ADV sequential
monotherapy which resulted in the switching of their
antiviral regimen to LMV-ADV combination therapy.
The patients were then followed from when they were
switched to an antiviral regimen. These patients gave
written informed consent for the treatment of CHB and
testing for antiviral resistance. Approval for this study
was obtained from the Institutional Review Board at the
Konkuk University Medical Center.
Before ADV plus LMV, the clinical and laboratory
data of each patient were analyzed, including the quantification of serum HBV DNA levels. After the initiation
of LMV-ADV combination therapy, clinical, biochemical, and virological parameters, such as aspartate aminotransferase, alanine aminotransferase (ALT), and serum
HBV DNA levels, were monitored every month up to
three months. A clinical diagnosis of liver cirrhosis was
based on imaging findings, using methods such as abdominal computed tomography or magnetic resonance
imaging, together with compatible clinical features such
as esophageal varices or thrombocytopenia. The severity
of liver cirrhosis was classified according to the ChildPugh score.

Ko SY, Kim BK, Kwon SY, Kim KH, Kim JH, Choe WH, Lee
CH. Clonal evolution of hepatitis B virus polymerase gene
mutations during lamivudine-adefovir combination treatment.
World J Gastroenterol 2012; 18(44): 6437-6446 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v18/
i44/6437.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i44.6437

INTRODUCTION
Chronic infection with hepatitis B virus (HBV) can result
in cirrhosis and hepatocellular carcinoma. The ultimate
goal of antiviral therapy for chronic hepatitis is to prevent
its devastating complications of decompensated liver
cirrhosis and hepatocellular carcinoma. In recent years,
the treatment of chronic hepatitis B (CHB) has been improved by introducing nucleos(t)ide analogs (NAs) such as
lamivudine (LMV), adefovir (ADV), entecavir (ETV), telbivudine (LDT), and tenofovir (TDF)[1-5]. However, drugresistant HBV mutants frequently arise during treatment
with NAs, leading to treatment failure and progression to
liver disease[6]. ADV, a phosphate acyclic nucleotide analog
of adenosine monophosphate, is a potent inhibitor of
HBV reverse transcriptase in the wild-type HBV, and in lamivudine-, telbivudine-, and entecavir-resistant mutants[7,8].
Switching to ADV has become the most widely-used
option since the emergence of LMV-resistant mutations,
especially in Asian countries[8]. The 5-year cumulative
probability of genotypic resistance and viral breakthrough
was 65.6% and 61.8%, respectively, in LMV-resistant CHB
patients[3]. Unfortunately, ADV resistance occurs more
frequently in the second-line treatment of lamivudine-resistant patients than in treatment-naive patients[4]. According to large-scale clinical studies of ADV, the rtA181V and
rtN236T mutations associated with resistance to ADV
were identified in the HBV DNA polymerase gene[5].
In vitro studies demonstrated that those two mutations
decreased susceptibility to ADV by 4.3- to 23-fold[8,9].
Other minor mutations resistant to ADV, such as rtS85A,
rtT184S, rtQ215S, rtP237H, rtN238D, and rtM250L, have
been reported, but the significance of these mutations is
unclear[4,10,11]. In 2006, it was reported that a novel ADVresistant HBV variant rtI233V (substitution of isoleucine
by valine) was reported to be a cause of primary resistance
to ADV[12,13]. Studies also showed that rtI233V was sensitive to TDF in vitro. However, this result was not confirmed in recent studies. To our knowledge, little is known
about clonal analysis in patients who successively received
LMV monotherapy, ADV monotherapy, and LMV-ADV
combination therapy. We investigated the clonal evolution
of genetic mutations in the HBV polymerase gene in nonresponders to LMV-ADV sequential monotherapy followed by LMV-ADV combination therapy.

WJG|www.wjgnet.com

Definitions
Viral breakthrough was defined as a ≥ 1 log10 IU/mL
increase in HBV DNA from the nadir on two consecutive
occasions after an initial virologic response or an initial decline in HBV DNA by ≥ 1 log10 IU/mL. Non-response
was defined as a decrease in serum HBV DNA ≤ 2 log10
IU/mL after at least 24 wk of therapy.
HBV DNA quantification
Serial samples were collected from each patient at the
time of initiation of each antiviral agent, every three
months during treatment and at the time of viral breakthrough and stored frozen at -80 ℃. The serum HBV
DNA levels were quantified by real-time polymerase
chain reaction, with a lower limit of detection of 2.6 log10copies/mL (approximately 400 copies/mL). The HBV
DNA quantification was also performed before cloning
and sequencing using the COBAS TaqMan HBV test
(Roche Molecular Systems Inc, Pleasanton, CA, United
States).
Detection of antiviral-resistant mutations
Using the stored serum samples, HBV DNA polymerase
mutations were analyzed using a matrix-assisted laser
desorption/ionization time of flight mass spectrometry
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Table 1 Clinical features of the chronic hepatitis B patients treated with lamivudineadefovir sequential monotherapy followed by lamivudine-adefovir combination therapy
Patient 1

Patient 2

Patient 3

Patient 4

Baseline characteristics
Gender
Male
Male
Male
Male
Age (yr)
39
58
51
42
Liver disease
Cirrhosis
Cirrhosis
Cirrhosis
Cirrhosis
Initial viral load (copies/mL)
3.0 × 107
3.3 × 107
7.0 × 108
5.3 × 108
HBeAg
+
+
+
+
During LMV mono-therapy
Duration of LMV (mo)
26
22
15
25
LMV-resistant mutants1
M204I + L180M
M204V
M204I + L180M M204I + L180M
Response to LMV
VT
VT
VT
VT
During ADV mono-therapy
Duration of ADV (mo)
18
16
19
13
ADV-resistant mutants1
A181V
A181V/T
A181V
A181V
Response to ADV
NR
NR
NR
NR
During LMV-ADV combination therapy
Viral load at the start of
LMV-ADV (copies/mL)
8.0 × 107
8.0 × 107
1.2 × 105
3.1 × 106
Duration of LMV-ADV (mo)
9
13
11
15
Resistant mutants1
A181V
A181T + M204I
A181V
A181V
Response to LMV-ADV
NR
NR
NR
NR
Current treatment
LMV + ADV
LMV + TDF
LMV + TDF
LMV + TDF
1

RFMP analysis was used for the detection of resistant mutations in the hepatitis B virus polymerase
gene. NR: Non-response; VT: Viral breakthrough; LMV: Lamivudine; ADV: Adefovir; TDF: Tenofovir.

(MALDI-TOF MS)-based genotyping assay, termed a
restriction fragment mass polymorphism (RFMP; GeneMatrix, Yongin, South Korea)[14]. LMV-resistant mutations at rt180 or rt204, and ADV-resistant mutations at
rt181 or rt236, were detected using this method.

100 mg of LMV once daily for a 15- to 26-mo period.
The emergence of resistant mutations to LMV, such as rtM204V/I and/or rtL180M, was found in all patients. Their
antiviral regimens were switched to ADV monotherapy (10
mg/d) as the second line treatment and no patient required
a dose reduction. All patients had viral breakthrough or
non-response after the LMV-ADV sequential monotherapy (Table 1). ADV-resistant mutations, including rtA181V/
T or rtN236T, were detected after 13 to 19 mo of LMVADV sequential monotherapy. LMV was added to the ongoing ADV treatment as a salvage therapy.

Cloning of hepatitis B viral polymerase gene
For the genotypic analysis, the entire 1310-bp polymerase
gene region was amplified, cloned, and sequenced. To analyze the complete sequence of HBV reverse transcriptase
(RT) from four patients with resistant mutations during
LMV-ADV combination therapy, we isolated HBV DNA
from the patients’ sera at the time of viral breakthrough
during the antiviral therapy. DNA was extracted using a
QIAamp MinElute virus spin kit (Valencia, CA, United
States) according to the manufacturer’s protocol. To generate HBV1.2mers harboring patient-derived RT mutations, we amplified the RT region of the HBV genome
using the following primers: forward, 5’-AAT CTT CTC
GAG GAC TGG GGA CCC TGC ACC-3’ (the Xho Ⅰ
site is underlined) and reverse, 5’-GAG CAG CCA TGG
GAA GGA GGT GTA TTT CCG-3’ (the Nco Ⅰsite is
underlined)[15]. The purified products were digested with
Xho Ⅰand Nco Ⅰ, after which the wild-type RT sequence
of the HBV1.2mer was swapped for the patient-derived
sequence. All clones were confirmed by sequencing.

Virologic response during lamivudine-adefovir combination
therapy
The outcome of the LMV-ADV combination therapy in
the patients with ADV resistance is demonstrated in Table 1. The duration of the combination therapy was 9 to
15 mo. Patient 1 had viral breakthrough after 26 mo of
LMV monotherapy. LMV was stopped and the patient
was switched to ADV. Non-response occurred after 18
mo of ADV monotherapy. Patient 2 experienced nonresponse after 16 mo of second-line ADV monotherapy.
Patient 3 had viral breakthrough after 15 mo of LMV
monotherapy. Non-response occurred after 19 mo of
second-line ADV monotherapy. Patient 4 experienced
non-response after 13 mo of second-line ADV monotherapy. One patient continued to receive LMV-ADV
combination therapy and three patients were switched to
TDF-LMV combination therapy as a salvage therapy.

RESULTS
Characteristics of the patients enrolled in this study
Four patients were included in this study. The age of the
patients was between 39 and 58 years; all were men who
had cirrhosis. All patients had been previously treated with

WJG|www.wjgnet.com

Evolution of HBV polymerase mutations during antiviral
treatment
Clonal analyses were performed in four patients harbor-

6439

November 28, 2012|Volume 18|Issue 44|

Ko SY et al . HBV mutations during lamivudine-adefovir combination therapy

ing antiviral resistant mutants at the time of viral breakthrough during the antiviral therapy. From eleven serum
samples, we obtained and analyzed a total of 38 clones of
the HBV polymerase gene during the ADV monotherapy
and a total 64 of clones during the LMV-ADV combination therapy. The sequences were compared against the
sequence from genotype C HBV (NCBI GenBank accession no. GQ872210), a wild type HBV genome isolated
from the serum of a 25-year-old HBeAg-positive asymptomatic HBV carrier in our hospital.
During the ADV monotherapy, 27 of 38 clones were
combined with an amino acid change at rt181. Four
clones had a single mutation at rt236, one of which
showed an rtA181T + N236T double mutation. During
the treatment period with LMV-ADV combination therapy, 39 of 64 clones showed an rtA181V/T mutation.
The viral quasispecies evolved with the extension of the
combination therapy, followed by LMV-ADV sequential
monotherapy (Figure 1). In all patients, clonal analyses
during the LMV-ADV combination therapy revealed the
maintenance of the rtA181V/T mutant that emerged
during the ADV monotherapy (Figure 2). The combined
mutation of rtA181V/T + N236T was detected in seven
clones. The LMV-resistant mutation rtM204I reemerged
in two clones. The combined LMV-resistant mutation
rtM204I/V + L1801M was also detected in seven clones.
However, the rt181 and rt204 mutations did not co-exist
in the same clone.
The clinical course of four patients in whom the clonal analyses were performed during the antiviral treatment
is illustrated in Figure 2. In patient 1, the previously noted
resistant mutations to LMV, rtM204I, and rtL180M were
suppressed, but a resistant mutation to ADV, rtA181V,
was detected after the second-line ADV monotherapy.
That ADV-resistant mutation remained detectable after 4
mo of combination therapy and a resistant mutation to
LMV, rtM204I, was also detected. In patient 2, a resistant
mutation to LMV, rtM204V, was suppressed, but a resistant mutation to ADV, rtA181V/T, was detected after the
LMV-ADV sequential monotherapy. After 3 mo of LMVADV combination therapy, a resistant mutation to ADV
remained detectable. In patient 3, the previously noted
resistant mutations to LMV, rtM204I and rtL180M were
suppressed, but a resistant mutation to ADV, rtA181V/T,
was detected after 18 mo of second-line ADV monotherapy. After 10 mo of LMV-ADV combination therapy,
a resistant mutation to ADV, rtA181V, remained detectable. In patient 4, resistant mutations to LMV, rtM204V
and rtL180M, were suppressed, but a resistant mutation
to ADV, rtA181V, was detected after the LMV-ADV sequential monotherapy. After 13 mo of LMV-ADV combination therapy, a resistant mutation to ADV remained
detectable, and a resistant mutation to LMV, rtM204I, was
also detected.

about the multidrug-resistant HBV based on clonal analysis. We analyzed the full-length genomic sequence of
HBV polymerase in patients who successively received
LMV monotherapy, ADV monotherapy, and LMV-ADV
combination therapy. This study demonstrated that an
ADV mutant, rtA181V/T, was not suppressed by LMVADV combination therapy.
Seven drugs are approved by the Food and Drug Administration in the United States for the treatment of
HBV infection: interferon alpha, pegylated interferon
[1]
a-2a, LMV, ADV, ETV, LDT, and TDF . The treatment
of chronic hepatitis B has been improved by the introduction of these NAs. However, drug-resistant HBV mutants
frequently arise after the extended use of NAs, leading to
treatment failure and progression to liver disease[16]. The
drug resistant mutations selected with one agent may affect the efficacy of the other NAs[17]. Several major HBVevolutionary NA-resistance pathways have been characterized[17]. The rtM204V/I pathway is responsible for the
resistance to the L-nucleosides, such as LMV, LDT, and
ETV[17]. The rtN236T pathway is responsible for ADV
and TDF resistance[17]. The rtA181T/V pathway is associated with resistance to LMV and ADV, and is a potential
multidrug resistance pathway[17].
LMV resistance increases progressively over the course
of treatment; 14%-32% of patients become resistant to
the drug each year after the treatment is initiated, and
more than 80% are resistant after 48 mo of treatment[6,18].
The resistance to LMV was mediated primarily by mutations rtM204I/V ± rtL180M and rtA181T/V[6,19]. Viral
replication levels may be increased by compensatory mutations, such as rtL80V/I, rtI169T, rtV173L, rtT184S/G,
rtS202I, and rtQ215S[6,20-23].
In treatment-naive patients, the cumulative percentage
of patients who showed ADV resistance has been reported to be 0% in year 1, 3% in year 2, 11% in year 3, 18% in
year 4, and 28% in year 5[4]. The cumulative percentage of
patients who showed ADV resistance after ADV monotherapy in the LMV-resistant patients has been reported
to be 18% in year 1 and 25% in year 2[4,14]. The resistance
to ADV was initially associated with the rtA181T/V and
rtN236T substitutions[6,24-26]. The rtN236T mutation does
not significantly affect the sensitivity to LMV, LDT, or
ETV, but does decrease the efficacy of TDF in vitro[6,27].
The rtA181T mutation has been observed in patients who
developed viral resistance to LMV or to ADV following
LMV breakthrough[19,28]. The other mutation, rtA181V,
has been observed in patients who developed ADV resistance[4,14,29-31]. Villet et al[24] suggested that a single amino
acid change at position rt181 induced cross-resistance to
LMV and ADV. They also reported that the rtA181V/T
substitution induced a decreased susceptibility not only to
the L-nucleoside LMV, but also to the alkyl phosphonates
ADV and TDF[6,24].
According to a recently reported meta-analysis, the
therapeutic potential of the combination of ADV with
LMV is beneficial for treating LMV-resistant CHB patients with ADV-associated mutations[32]. Switching to
ADV monotherapy has been widely used in CHB patients

DISCUSSION
Sequential NA monotherapy can promote the selection
for multidrug-resistant HBV mutants, but little is known
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with an LMV-resistant mutation in South Korea and has
been reported to be cost-effective so far[3,33]. However,
LMV-ADV sequential monotherapy has led to the frequent development of ADV resistance[4,5,14]. Combination therapy has been a practical treatment modality for
patients who had an ADV-resistant mutation after LMVADV sequential monotherapy because TDF was not
available. However, to date, the best treatment option for
those with ADV resistance has not been identified.
In the present study, we observed the emergence of
mutants harboring the rtA181V/T mutation in patients
who were treated with LMV during ADV monotherapy[4].
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Figure 1 Evolution of antiviral mutations in hepatitis B virus polymerase based on the clonal analysis of serial samples in patients. A: Patient 1; B: Patient 2; C: Patient 3; D:
Patient 4. The boxes and capital letters denote the domains of the hepatitis B virus polymerase gene. ADV: Adefovir; LMV: Lamivudine; RT: Reverse transcriptase.
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The emergence of the rtA181V/T mutant was associated
with non-response or viral breakthrough during LMV-ADV
sequential monotherapy and LMV-ADV combination
therapy. We performed the RFMP assay to detect mutations resistant to antiviral agents. This assay enables better
quantitative detection of mixed populations, but the result
revealed the possibility of the presence of substitutions at
other sites in the HBV reverse transcriptase. To analyze the
complete sequence, we sequenced all of the clones.
In the present study, clonal analyses during LMVADV combination therapy revealed the maintenance
of an rtA181V/T mutant that emerged during ADV
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Figure 2 Clinical course and evolution of antiviral mutations in four patients. The arrows and numbers denote the time of the sampling of the serum and the
sample number. ADV: Adefovir; ALT: Alanine aminotransferase; LMV: Lamivudine; TDF: Tenofovir; HBV: Hepatitis B virus.

monotherapy. The LMV-resistant mutations rtM204I/
V and/or rtL180M reemerged during the LMV-ADV
combination therapy. These results showed that LMVADV sequential monotherapy may induce the risk of
the emergence of ADV-resistant strains in patients who
were treated with LMV. Our observation also showed
that add-on LMV therapy for ADV resistance might
not suppress the pre-existing ADV-resistant mutation
that emerged during the sequential treatment with ADV
monotherapy for LMV resistance. This result was consistent with the study reported by Villet et al[24], who
showed that a single amino acid change at position rt181
might induce cross-resistance to LMV and ADV.
This study demonstrated that a poor response to LMVADV combination therapy did not always occur due to
the co-localization of each drug resistance mutation in the
same genome. Antiviral agents with a low or modest antiviral potency and low genetic barrier of resistance, such
as LMV or ADV, may strengthen viral fitness while not
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being strong enough to suppress the drug mutation, and
the combination of stronger drugs, such as ETV and TDF,
with a high antiviral potency and high genetic barrier of resistance, would be more effective in the treatment of nonresponders to LMV-ADV sequential monotherapy. Viral
fitness, defined as the ability to produce infectious progeny
in a defined environment, was proposed to be one of the
most important factors in the process of selecting resistant
mutants[34-36]. We recently reported that TDF plus LMV is
a useful therapeutic option for patients with resistance or
non-response to ADV, particularly in patients with cirrhosis or who had previously received sequential LMV-ADV
monotherapy. TDF-containing therapy was shown to result
in a rapid viral load reduction, with HBV becoming undetectable in ADV-resistant patients. At three months, a viral
load reduced to a level of 4 log10 copies/mL was achieved
in all six patients (100%), and fell to below the limit of detection in three patients (50%)[37].
Our study has some limitations: the small number
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of patients and the variations in the initial HBV DNA
levels. These limitations may make establishing this combination as an optimal rescue therapy for patients with
ADV-resistant HBV difficult. To verify the efficacy and
safety of this regimen, further large cohort studies are
warranted.
In conclusion, sequential LMV and ADV monotherapy may favor the emergence of HBV variants with crossresistance to analogs of different chemical classes. The
emergence of rtA181V/T with or without rtM204V/I
resulted in viral breakthrough during ADV monotherapy
and LMV-ADV combination treatment, as well as a poor
response to ADV. Therefore, LMV-ADV combination
therapy is not effective in patients with ADV-resistant
mutations after LMV-ADV sequential monotherapy. This
result may be attributed to an ADV mutation, rtA181V/
T, which is responsible for cross-resistance to LMV and
ADV. Therefore, careful monitoring and more effective
antiviral agents should be considered in chronic hepatitis
B patients with multiple resistance mutations.
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BRIEF ARTICLE

Human epidermal growth factor receptor-2 in oesophageal
cancers: An observational study
Hazem Al-Momani, Rachel Barnes, Ahmed El-Hadi, Rachit Shah, Wyn G Lewis, Paul Edwards
RESULTS: The median age of our sample was 66
years (range: 38-91 years). Eighty one were male and
19 female. Ninety-one of the cases were adenocarcinoma of the oesophagus and the rest were cases of
squamous cell carcinoma. The anatomical distribution of the tumours was; upper oesophagus 2, middle
oesophagus 11, and 87 were in the lower oesophagus.
Operative resection was completed in 15 cases; seven
cases had attempted surgical resections, i.e., open and
close, 33 patients received definitive chemo-radiation
and 52 had palliative treatment. Twenty-five of the
cancers showed evidence of HER2 over expression, all
were adenocarcinomas. Of the 25 cases that showed
evidence of HER2 over expression, 21 (84%) were located in the lower third of the oesophagus. On staging,
24 out of the 25 HER2 positive cases were at stage 3
or more (13 at stage 3 and 11 at stage 4), For HER2
negative cases 37 were at stage 3 and 32 were staged
as stage 4. Seventeen out of twenty five cases (68%)
with HER2 over expression received palliative therapy,
in comparison to thirty five out of seventy five (46.7%)
in tumours not expressing HER2. No significant difference in overall survival was demonstrated between
patients whose cancers showed evidence of HER2 over
expression and those who did not; median overall survival for HER2 positive tumours was 15 mo (95%CI,
11-19 mo) compared to 13 mo (95%CI, 9-17 mo) for
HER2 negative ones. Two years cumulative survival
for cases with HER2 over expression was 33.7% compared to 31.6% in cases without HER2 over expression
(P = 0.576). Only cancer’s stage significantly affected
overall survival on both univariant and multivariable
analysis (P = 0.034 and P = 0.009 respectively). None
of the patients included in this study received Trastuzumab.
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Abstract
AIM: To determine the incidence of human epidermal
growth factor receptor 2 (HER2) over expression in
oesophageal cancers.
METHODS: A retrospective study, of one hundred
consecutive cases of endoscopic histological samples
of oesophageal cancers from a single British cancer
network were included. Cancer cases were diagnosed
between April 2007 and June 2010. HER2 over expression was assessed using immunohistochemistry, those
that scored “0” and “+1” were considered “negative”
for HER2; those that scored “+3” were considered
“Positive”. Cases that were scored “+2” on immunohistochemistry further went on to have HER2 gene analysis using the Ventana HER brightfield dual-colour in situ
hybridisations (HER B DISH) assay and either came
back to be positive or negative for HER2 over expression. Overall survival was measured from date of histological diagnosis until date of death. 93% of the cases
were followed up till five years or death, and all were
followed up till two years. Cases of gastro-oesophageal
junctional tumours were excluded.

WJG|www.wjgnet.com

CONCLUSION: Twenty-seven point five percent of
oesophageal adenocarcinomas showed evidence of
HER2 over expression. Routine testing for human HER2
in oesophageal adenocarcinomas can have significant
implication on treatments offered to patients that may
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potentially affect their prognosis.

MATERIALS AND METHODS

© 2012 Baishideng. All rights reserved.

HER2 assays were performed by an independent, validated and audited laboratory. A Ventana pathway HER2/
neu 4B5 assay was utilised. Immunohistochemistry (IHC)
scoring criteria were those described by Hofmann et al[11].
Samples were scored as 0, +1, +2 and +3. 0 and +1 are
considered negative +3 is positive. Patients with +2 results underwent HER2 gene analysis using the Ventana
HER [brightfield dual-colour in situ hybridisations (HER
B DISH)] assay and either shown to be positive or negative for HER2 over expression.
One hundred consecutive cases of oesophageal cancer were identified between April 2007 and June 2010
from a prospectively maintained British regional upper
gastrointestinal tract cancer network database. Biopsies
obtained at index endoscopy were analysed for HER2
status. All patients were followed up for two years or
until death, 93% were followed up till five years or death.
Death certification was obtained from the Office for
National Statistics. Cases of GO junctional tumours were
excluded.
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INTRODUCTION
Gastro-oesophageal (GO) cancer is the fifth most common malignancy (and fourth most common cause of
cancer death) in the United Kingdom, affecting around
13  500 people each year[1]. Despite all recent advances in
the diagnosis and management of these tumours their
prognosis remains poor. Worldwide, gastric cancer is the
second most common cause of cancer death[2]; Oesophageal cancer has an overall five year survival of only 8%,
and in view of the relatively high rate of chemotherapy
resistance in oesophageal adenocarcinomas[3,4], additional
treatment options are desperately needed.
Human epidermal growth factor receptor 2 (HER2)
is the second member of the cell membrane surface
bound receptor tyrosine kinase family; this family is made
up of four glycoproteins[5]. Trastuzumab (Herceptin®)
is a humanized monoclonal antibody targeting HER2[6];
more evidence is mounting to support its use in upper
gastrointestinal tract malignancies.
The ToGA trial studied the benefits of adding Trastuzumab to chemotherapy in patients with inoperable locally advanced, recurrent or metastatic adenocarcinoma of
the stomach or GO junction[7]. Addition of Trastuzumab
to chemotherapy significantly improved overall survival.
Previous studies to the ToGA trial demonstrated over expression of HER2 in gastric cancers[8,9]. However, compared to gastric cancer, comprehensive data about HER2
expression in oesophageal adenocarcinomas are relatively
scarce[10].
In view of these facts, the HER2 status for oesophageal tumours was studied in a consecutive series of one
hundred oesophageal cancer biopsy specimens obtained
at endoscopy between April 2007 and June 2010 aiming
to determine the incidence of HER2 in oesophageal cancer. Secondary end points were to assess how HER2 over
expression reflects on patients’ overall survival, tumours’
location and what treatments patients received.
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Statistical analysis
Overall survival was measured from date of histological diagnosis until date of death. Methods appropriate
for parametric data were used. Cumulative survival was
calculated according to the life-table method of Kaplan
and Meier, and differences in survival between groups
of patients were analyzed with the log rank test. Correlation was assessed using the Pearson χ 2 test; P < 0.05 was
considered a statistically significance value. Data analysis
was performed using SPSS version 18.0 (Chicago, United
States).

RESULTS
The median age of our sample was 66 ± 10.51 years
(range: 38-91 years). Eighty-one were male and 19 female.
The anatomical distribution of the tumours was; upper
oesophagus 2, middle oesophagus 11, and 87 were in the
lower oesophagus. Ninety-one of the cases were adenocarcinoma of the oesophagus and the rest were cases
of squamous cell carcinoma. Operative resection was
completed in 15 cases; eleven cases had an Ivor-Lewis
oesophagectomy, three cases had Transhiatal oesophagectomy and one case underwent a three stage oesophagectomy. Seven cases had attempted surgical resections,
i.e., open and close. In cases not suitable for surgery, 33
patients received definitive chemo-radiation and 52 had
palliative treatment.
In this group of one hundred patients, 25 cases
showed evidence of HER2 over expression. On IHC,
28 cases were scored as “0”, 38 cases were scored as
“+1” and 18 cases were scored as “+3”. Of the 16 cases
that were scored as “+2” and further underwent analysis using bright field DISH, seven were found positive.
All tumours expressing HER2 were adenocarcinomas.
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carcinomas cases in a British regional cancer network
demonstrated evidence of HER2 over expression, this
rate is in line with previously published series from other
countries[12-14], and is as high, if not higher, than that
found in other types of cancer.
In this study, HER2 positive oesophageal adenocarcinomas accounted for a small portion of cases which
were suitable to have surgery or definitive chemo-radiation, 13.3% and 18.2% respectively; on the other hand,
nearly two thirds of tumours expressing HER2 received
palliative treatment (68%). These results may indicate a
more aggressive behaviour for oesophageal adenocarcinomas expressing HER2, an observation expressed by
other authors[15].
In this series, HER2 overexpression did not affect
overall survival; a recent series by Langer et al[10] suggested
otherwise, with tumours overexpressing HER2 having a
shorter survival. Similar discrepancy has been described
before and the literature holds conflicting data about the
prognostic significance of HER2 overexpression[16-19]. In
our sample overall survival was measured from the time
of histological diagnosis until time of death. This is inherently inaccurate in that it takes no account of the patient’s onset and duration of symptoms nor the biological
behaviour of the individual tumour. In Langer et al[20]
series, unlike ours, they used two different tissue microarrays for the assessment of HER2 status; with cores from
different regions in the microarrays being assessed falsenegative results due to intratumoral heterogeneity[21,22]
may have been eliminated. Moreover, for the determination of HER2 status, they used different in situ hybridisation methods, i.e., fluorescence in situ hybridisation, 3D
fluorescence in situ hybridisation or bright field double in
situ hybridisation, which eliminates false-negative results
even further.
In this series none of the nine cases of oesophageal
squamous cell carcinoma expressed HER2, there is,
however, a growing body of evidence showing HER2
to be abnormally expressed in oesophageal squamous
cell carcinomas and is associated with poor prognosis.
Reported rates of HER2 overexpression in oesophageal
squamous cell carcinoma can be as high as that found in
oesophageal adenocarcinomas; researchers had described
26%-64% of oesophageal squamous cell carcinomas to
test positive to HER2[23,24]. HER2 over expression has
been reported to be associated with extra mucosal tumour invasion and poor response to chemo radiation in
oesophageal squamous cell carcinomas[25,26].
Traditional phase Ⅲ studies to ascertain the potential
role of Trastuzumab in the treatment of oesophageal
adenocarcinomas has proven difficult. A power calculation based on our results (α = 0.05; 80% power) suggests
a retrospective study of 180 patients would be required
to clarify the situation. Having said that, a recent Phase
[27]
Ⅰ/Ⅱ study by Safran et al exploring the use of Trastuzumab alongside chemo-radiotherapy in the treatment
of oesophageal adenocarcinoma had initially aimed to
recruit 25 patients; however, and after 42 mo, they only
managed to enrol 19. Safran et al[27] work had concluded
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Figure 1 Kaplan-Meier survival curves for human epidermal growth factor
receptor 2 positive vs negative groups. HER2: Human epidermal growth factor receptor 2.

None of the oesophageal squamous cell carcinoma cases
showed evidence of HER2 over expression.
Of the 25 cases that showed evidence of HER2 over
expression, 21 (84%) were located in the lower third of
the oesophagus, four (16%) were in the middle third and
none were in the upper third.
On staging, 24 out of the 25 HER2 positive cases
were at stage 3 or more (13 at stage 3 and 11 at stage
4); one case was a stage 2 and none were a stage 1. For
HER2 negative cases 37 and 32 were at stage 3 or 4 respectively, four cases were a stage 2 and two were a stage 1.
No significant difference in overall survival was demonstrated between patients whose cancers showed evidence of HER2 over expression and those who did not:
Median overall survival for HER2 positive tumours was
15 mo (95%CI, 11-19 mo) compared to 13 mo (95%CI,
9-17 mo) for HER2 negative ones. This difference was
not significant, both on univariant analysis (P = 0.576)
and multivariable analysis (P = 0.419) that included patient’s age, cancer stage, cancer location and HER2 status.
On the other hand, cancers’ stage significantly affected
overall survival on both univariant and multivariable
analysis (P = 0.034 and P = 0.009 respectively). Two years
cumulative survival for cases with HER2 over expression
was 33.7% compared to 31.6% in cases without HER2
over expression (P = 0.576). Figure 1 demonstrates Kaplan-Meier survival curves for the two groups.
Only two of the fifteen cases who had disease amenable to surgical resection showed HER2 over expression (P = 0.208). Both cases underwent Ivor-Lewis
oesophagectomy. Definitive chemo-radiation was given to
33 patients, only six (18.2%) of them expressed HER2.
Seventeen out of twenty five cases (68%) with HER2
over expression received palliative therapy, in comparison
to thirty five out of seventy five (46.7%) in tumours not
expressing HER2 (P = 0.064). None of the patients included in this study received Trastuzumab.

DISCUSSION
In our study population, 27.5% of oesophageal adenoWJG|www.wjgnet.com
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(HER2) assessment in esophageal cancers. They report that 27% of esophageal adenocarcinomas overexpressed HER2. The study is relatively straightforward and confirms existing knowledge on the subject.

that adding Trastuzumab to chemo-radiotherapy regimens is safe and not associated with increased toxicity.
In the United Kingdom, The standard of care for
patients with HER2 positive breast cancer is treatment
with Trastuzumab[28,29]. Also, the National Institute of
Clinical Excellence guideline recommends Trastuzumab
in combination with cisplatin and capecitabine or 5-fluorouracil in patients with metastatic adenocarcinoma of
the stomach or GO junction expressing HER2. There is,
however, no British guideline about the use Trastuzumab
with HER2 positive oesophageal adenocarcinoma.
So, to summarise, this study demonstrates that in this
British population of patients with oesophageal adenocarcinoma, 27.5% of them are HER2 positive. This is at
least as high as that found in breast[30] and probably higher than that found in gastric or GO junctional tumours.
HER2 status in patients with oesophageal adenocarcinoma should be routinely assayed and patients should
be offered treatment with Trastuzumab if their tumours
showed evidence of HER2 over expression. New guidelines should be implemented in the United Kingdom in
line with those issued in other countries to offer patients
with oesophageal cancers a treatment that can potentially
prolong their survival. More work is needed to look at
HER2 status in patients with squamous carcinoma of the
oesophagus.
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supplements to either the control or TNBS groups, in
addition to 1 mg/kg per day S. boulardii to the S. boulardii group, 1 mg/kg per day methyl prednisolone (MP)
to the MP group. The animals in the S. boulardii + MP
group were coadministered these doses of S. boulardii
and MP. During the study, weight loss, stool consistency, and the presence of obvious blood in the stool
were evaluated, and the disease activity index (DAI) for
colitis was recorded. The intestines were examined and
colitis was macro- and microscopically scored. The serum and tissue levels of tumor necrosis factor-α (TNF-α)
and nitric oxide (NO) were determined, and fungemia
was evaluated in the blood samples.
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RESULTS: The mean DAI scores for the MP and S.
boulardii + MP groups was significantly lower than the
TNBS group (3.69 ± 0.61 vs 4.46 ± 0.34, P = 0.018
and 3.77 ± 0.73 vs 4.46 ± 0.34, P = 0.025, respective-

ly). While no significant differences between the TNBS
and the S. boulardii or MP groups could be determined
in terms of serum NO levels, the level of serum NO in
the S. boulardii + MP group was significantly higher
than in the TNBS and S. boulardii groups (8.12 ± 4.25
μmol/L vs 3.18 ± 1.19 μmol/L, P = 0.013; 8.12 ± 4.25
μmol/L vs 3.47 ± 1.66 μmol/L, P = 0.012, respectively). The tissue NO levels in the S. boulardii , MP and
S. boulardii + MP groups were significantly lower than
the TNBS group (16.62 ± 2.27 μmol/L vs 29.72 ± 6.10
μmol/L, P = 0.002; 14.66 ± 5.18 μmol/L vs 29.72 ± 6.10
μmol/L, P = 0.003; 11.95 ± 2.34 μmol/L vs 29.72 ± 6.10
μmol/L, P = 0.002, respectively). The tissue NO levels
in the S. boulardii , MP and S. boulardii + MP groups
were similar. The mean serum and tissue TNF-α levels
were determined to be 12.97 ± 18.90 pg/mL and 21.75
± 15.04 pg/mL in the control group, 18.25 ± 15.44
pg/mL and 25.27 ± 11.95 pg/mL in the TNBS group,
20.59 ± 16.15 pg/mL and 24.39 ± 13.06 pg/mL in the S.
boulardii group, 9.05 ± 5.13 pg/mL and 24.46 ± 10.85
pg/mL in the MP group, and 13.95 ± 10.17 pg/mL and
24.26 ± 10.37 pg/mL in the S. boulardii + MP group.

Abstract
AIM: To investigate the effects of Saccharomyces
boulardii (S. boulardii ) in an experimental rat model of
trinitrobenzene sulfonic acid (TNBS)-induced colitis.

METHODS: Thirty-two Wistar albino female rats were
categorized into five groups. On the first day of the
study, 50 mg TNBS was administered via a rectal catheter in order to induce colitis in all rats, except those in
the control group. For 14 d, the rats were fed a standard diet, without the administration of any additional
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expression of peroxisome proliferator-activated receptor-c and the secretion of inhibits interleukin-8 (IL-8).
In the same study, it was demonstrated that S. boulardii
decreases intestinal inflammation by reducing the mucosal expression of proinflammatory cytokines in rats with
trinitrobenzene sulfonic acid (TNBS)-induced colitis.
This earlier study demonstrates that colonic inflammation
can be reduced by S. boulardii through the regulation of
inflammatory gene expression.
Nitric oxide (NO) is an important messenger that
is involved in vein permeability and tissue damage. It is
possible that in patients with active ulcerative colitis (UC)
and Crohn’s disease (CD), the inducible activity of NO
synthase is elevated in inflamed mucosal epithelial cells.
Increased NO levels indicate inflammation and, in turn,
the intensity of the disease. Variations in tissue NO levels
are important indicators of progression and recovery
from IBD. There is also evidence that S. boulardii inhibits
inducible nitric oxide synthase[7].
In the current literature, there are studies suggesting that S. boulardii causes fungemia, particularly in immunosuppressed and intensive care patients[8]. However,
controlled studies cannot be used to investigate the effectiveness of S. boulardii against IBD, although promising
results have been reported in a few studies[9,10].
The primary aim of our present study was to investigate the effects of S. boulardii on colonic inflammation
and the disease activity index (DAI) in a rat model of
TNBS-induced colitis. The secondary purpose of our
current analyses was to investigate the risk of fungemia
resulting from treatment with S. boulardii alone or in combination with corticosteroids.

Significant differences in terms of the levels of serum
and tissue TNF-α and the macroscopic and microscopic
scores were not found between the groups. S. boulardii
fungemia was not observed in any of the rats. However,
Candida fungemia was detected in one rat (14%) in the
TNBS group, two rats (28%) in the S. boulardii group,
three rats (50%) in the MP group, and three rats (42%)
in S. boulardii + MP group.
CONCLUSION: S. boulardii does not demonstrate
considerable effects on the DAI, pathological scores, or
cytokine levels but does decrease the tissue NO levels.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
MATERIALS AND METHODS

It is currently speculated that inflammatory bowel disease
(IBD) develops in genetically prone individuals as a result
of defective immune responses against enteric bacterial
flora antigens. Antibiotics and immunomodulatory therapies are believed to play an important role in the treatment of this disease[1].
Probiotics are live microorganisms that positively affect health when ingested. Saccharomyces boulardii (S. boulardii) is a thermophilic nonpathogenic yeast that is selectively used to treat antibiotic-associated and traveler’s
diarrhea[2]. The main mechanisms of action of S. boulardii include antimicrobial activities, trophic effects upon
the intestinal mucosa, and the modification of the hostsignaling pathways that are involved in inflammatory and
noninflammatory intestinal diseases. It has been shown
that S. boulardii inhibits the production of proinflammatory cytokines by inhibiting the main regulators of
inflammation, such as nuclear factor κB and mitogenactivated protein kinases, which play crucial roles in the
pathogenesis of IBD[3,4]. S. boulardii is believed to effectively treat IBD because of its antimicrobial activities
and its regulatory effects on enteric flora and the immune
system[5]. In a recent study[6], it was shown that treating
human colon epithelial cells with S. boulardii increases the
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Animals
Approval was obtained from the animal ethics council of
Dokuz Eylul University Medical Faculty (DEUTF). The
DEUTF Hospital Experimental Research Laboratory
provided 32 female Wistar albino rats weighing 200-250 g
for use in this study which were divided into five groups.
The control group included only four rats that were not
treated with TNBS. All other groups consisted of seven
rats (Table 1).
The rats were maintained in a room at a temperature
of 23 ± 2 ℃ under a 12-h light/dark cycle at the DEUTF
Experimental Animal Laboratory. Prior to and during the
study, the rats were fed a standard diet (Yemta; Taris Ltd.
Şti., Izmir, Turkey), and their weights were monitored
daily. The rats were allowed water ad libitum.
Induction of colitis
After 24 h of fasting, 0.5 mL physiological serum was
intracolonically administered to the rats in the control
group via a cannula that was placed 8 cm proximal to
the anus using a rectally inserted flexible polypropylene
catheter. To induce colitis in the other groups, the rats
were intracolonically treated with 0.5 mL of 100 mg/mL
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Table 1 Study groups
Group

n

Control

4

TNBS
S. boulardii
MP
S. boulardii + MP

7
7
7
7

Table 2 Disease activity index analysis
Score

Application (day 1) Application (days 1-14)
Physiological
serum
TNBS
TNBS
TNBS
TNBS

0
1
2
3
4

Physiological serum
No treatment
S. boulardii
MP
S. boulardii + MP

1

Weight loss (%)

Stool consistency

Rectal bleeding

1-5
5-10
10-20
> 20

Normal
Loose stool
Loose stool
Loose stool
Watery stool

Occult blood in stool
Occult blood in stool
Occult blood in stool
Obvious blood in stool

1

Data are reported by Murthy et al [11].

TNBS: Trinitrobenzene sulfonic acid; S. boulardii: Saccharomyces boulardii;
MP: Methyl prednisolone.

ological serum containing phosphate buffer (PBS), and
the intestinal materials collected from the opened lumen
was fixed in formaldehyde. A pathologist who was blind
to the groups conducted the pathological examinations
of the intestinal samples.
The scoring method defined by Wallace et al[12] was
used to evaluate damage due to colonic inflammation.
Fixed intestinal tissue samples were microscopically
examined (5 × magnification) and scored from 0-10 according to various inflammation markers, such as the
diameters of any developing ulcers, thickening of the
intestinal wall, and hyperemia. While intestinal tissues
without any evidence of lesions were scored as 0, intestinal tissues with serious ulcerations were scored as 10.
Subsequently, histological sections, including the peripheral normal mucosa, were prepared from gross ulcerative
lesions. Approximately 1-cm sections were obtained from
the intestines and transported on ice to the Department
of Clinical Microbiology (DEUTF, Izmir, Turkey) for
homogenization before fixation in formaldehyde. The
tissues were fixed in formaldehyde, embedded in paraffin, and stained with hematoxylin and eosin. For the
microscopic evaluation, we employed the defined scoring
system described by Ameho et al[13].

TNBS that was dissolved in 50% ethanol and administered via a cannula. Prior to catheter insertion, short-term
sedation was provided via ether anesthesia. After TNBS
administration, no rats developed perforation or exitus
due to the formation of ulcerations in the colon.
Experimental design
As shown in the Table 1, 32 Wistar albino female rats
were divided into five groups. The rats in the control
group (n = 4) were not treated with TNBS after the intracolonic administration of physiological serum (via a
cannula placed 8 cm proximal to the anus using a rectally
inserted polypropylene catheter, similar to the administration of TNBS). After the administration of TNBS, the
rats in the TNBS group (n = 7) were not treated. S. boulardii (Reflor; Biocodex laboratories, Gentilly, France) was
prepared in its lyophilized form (282.5 mg/sachet with a
biological activity of 5 × 109 viable cells) by the manufacturer. S. boulardii (1 mg/kg per day) was suspended in distilled water and added to the water supply of the rats in
the S. boulardii group (n = 7) in the morning and evening
starting on day 0. The rats in methyl prednisolone (MP)
group (n = 7) were treated with MP (Prednol; Mustafa
Nevzat, Istanbul, Turkey) at a dosage of 1 mg/kg per day,
while the rats in the S. boulardii + MP group (n = 7) were
treated with both S. boulardii and MP at the previously defined dosages using the previously discussed techniques.

Tissue homogenization
Prior to sacrifice, blood samples were drawn from the
vena cava under ether anesthesia, and the serum was
separated by centrifugation and stored at -70 ℃ until use.
Homogenization of the intestinal tissues was performed
in accordance with current methods[14]. The intestinal
tissues were first homogenized in an ice-cold buffer [0.1
mol/L potassium phosphate (pH 7.5) and 20 mmol/L
ethylene diamine tetra acetic acid (EDTA), 1:10 w/v] using a mechanical homogenizer (Potter B. Braun; Gemini,
Apeldoorn, The Netherlands) and then in an ultrasonic
homogenizer on ice. The resulting lysates were centrifuged at 14  000 rpm for 10 min followed by an additional
spin at 14  000 rpm for 20 min. The proteins were purified using zinc sulfate (300 g/L) at a 1:20 ratio, and the
final sample concentration of 15 g/L was obtained via
centrifugation. The final products were centrifuged at
4 ℃ for 20 min at 2000 rpm, and 100-μL samples were
subsequently prepared for evaluation of cytokine and
NO levels.

Disease activity index
TNBS-induced colitis was scored according to the DAI
proposed by Murthy et al[11] (Table 2). Scoring was calculated according to body weight loss (as a percentage), differences in stool consistency, and the occurrence of rectal bleeding. Fecal occult blood testing (FOBT) of stool
samples (Hemoccult II; Beckman Coulter Inc., Fullerton,
CA, United States) was used to detect obscure bleeding.
Pathological examination
After 14 d, blood was drawn from the abdominal aorta
under ether anesthesia following 24 h of fasting, and
then the rats were sacrificed due to hypovolemia. Decapitation was performed after tissue samples were collected
for pathological examination. The abdominal cavity was
opened via a midline incision, and the whole small and
large intestines were harvested from the pylorus to the
rectum. The intestinal lumen was washed with physi-
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NO analysis
The 100-μL intestinal tissue lysates and serum samples
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were mixed with an equal volume of 100 μL of Griess
reagent (Ingredient A: 0.1% naphthalene diamine dihydrochloride at a final concentration of 5 mmol/L; Ingredient B: 1% sulfanilamide at a final concentration of 5
mmol/L in orthophosphoric acid) in a 96-well microtiter
plate (Maxisorb Immunoplate; NUNC, Roskilde Denmark). After incubation for 10 min at room temperature,
the absorbance at 540 nm was measured using a microplate reader (Reader Model 230S; Organon Teknika,
Boxtel, The Netherlands). For each measurement, 2-fold
increases in sodium nitrite in PBS, from 0-128 mmol/L,
were used to generate a standard curve[15].

on day 3 and had returned to normal by day 9. However,
in the S. boulardii + MP group, the stool returned to normal by day 10 after becoming loose on day 2. The MP
and S. boulardii + MP groups demonstrated 9 and 10 d of
diarrhea, respectively (Figure 1A).
While defecation in the TNBS and S. boulardii groups
macroscopically continued for an average of 9 and 7 d,
respectively, in the following days the FOBT results were
positive until day 14. In the MP group, bloody defecation
was observed for an average of three days, while for the
following six days the FOBT results were positive even
without clearly noting bloody defecation. In addition, the
blood in the stool was, on average, not observed until day
9. In the S. boulardii + MP group, bloody stool was observed for an average of two days, and the FOBT results
were positive for seven days; however, there was no traceable blood in the stool samples after day 9 (Figure 1B).
The rats in the control group gained an average of
4.3 g in weight, those in the TNBS and S. boulardii groups
gained an average of 11.9 and 2.4 g, respectively, and the
rats in the MP and S. boulardii + MP groups lost 3 and 5.9
g, respectively. No significant differences in body weight
changes could be determined between the S. boulardii,
MP, and S. boulardii + MP groups. There were significant
differences in body weight changes for the MP and S.
boulardii + MP groups compared with the TNBS group (P
= 0.01 and 0.02, respectively) (Table 3).
Based on the scoring system that was previously suggested by Murthy et al[11], DAI scores were 1 ± 0 for the
control group, 4.46 ± 0.34 for the TNBS group, 4.07 ±
0.77 for the S. boulardii group, 3.69 ± 0.61 for the MP
group, and 3.77 ± 0.73 for the S. boulardii + MP group.
The DAI scores of the MP and S. boulardii + MP groups
were significantly lower compared with the TNBS group
(P = 0.018 and 0.025, respectively). Regarding the other
groups, no significant differences in DAI could be determined (Figure 1C).

Tumor necrosis factor-α analysis
Serum and tissue tumor necrosis factor (TNF)-α levels
were measured using a commercially available rat-specific
enzyme-linked immunosorbent assay kit according to the
manufacturer’s instructions (Invitrogen; Life Technologies, Camarillo, CA, United States).
Fungal isolation and identification
Blood samples were cultured in Petri dishes containing
the following culture media: Sabouraud dextrose agar
(BD Difco; Becton, Dickinson, NJ, United States) supplemented with 100 mg/L chloramphenicol and selective
CHROMagar Candida (CHROMagar Candida; CHROMagar, Paris, France). Following incubation at 30 ℃ for
72 h, the yeast colonies were visually quantified, if they
existed. A specimen from each colony variant was placed
in a tube containing Sabouraud dextrose agar for storage and identification. Identification was based on the
results of filament production tests; the production of
the germinative tube, ascospores, urease, and phenoloxidase; and zymogram, auxanogram, and growth rates at
different incubation temperatures, as recommended by
Boekhout et al[16,17].
Statistical analysis
Statistical analyses were conducted using SPSS software
for windows 11.0 (SPSS, Chicago, IL). Data are expressed
as the mean ± SD. Quantitative data, such as the macroscopic and microscopic scores and NO and TNF-α
levels, were compared between groups using the KruskalWallis and Mann-Whitney U tests. Differences between
the mean were considered statistically significant when P
< 0.05.

Pathological evaluation
Macroscopic ulceration was not observed in the control
group, although inflammation was observed at the microscopic level. Upon macroscopic examination, a 14-mm
ulcer in the intestinal tissue was observed in one rat in
the TNBS group, while 3, 2, and 3 larger ulcers (> 2 cm)
were observed in the S. boulardii, MP, and S. boulardii +
MP groups, respectively. After macroscopic and microscopic scoring, of all the groups that were induced to
form colitis, the lowest score was observed in the TNBS
group. When the treated groups were examined, the S.
boulardii group demonstrated the lowest scores, although
significant differences were not found between the MP
and S. boulardii + MP groups (Figure 1D).

RESULTS
Clinical evaluation
We did not observe diarrhea or bloody stool in the four
rats in the control group during the course of this study
but these effects were observed in 27 rats starting on day
1, plus one rat on day 2, following the administration of
TNBS. In the TNBS and S. boulardii groups, a loose stool
was noted on day 7 and never returned to normal and
diarrhea persisted for a total of 14 d over the course of
this study. In the MP group, a loose stool was observed
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Serum and tissue NO levels
The mean serum NO levels in the control, TNBS, S. boulardii, MP, and S. boulardii + MP groups were determined
to be 5.92 ± 3.65 μmol/L, 3.18 ± 1.19 μmol/L, 3.47
± 1.66 μmol/L, 8.22 ± 6.28 μmol/L, and 8.12 ± 4.25
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Figure 1 Daily defecation trends, rectal bleeding scores, disease activity index analyses, macro- and microscopic pathological scores of the experimental
groups. A: Daily defecation trends; B: Rectal bleeding scores; C: Disease activity index analyses; The results are shown as the mean ± SD. aP = 0.018 between
trinitrobenzene sulfonic acid (TNBS) and methyl prednisolone (MP) group; cP = 0.025 between TNBS and Saccharomyces boulardii (S. boulardii) and TNBS group; D:
Macro- and microscopic pathological scores. The results are shown as the mean ± SD. DAI: Disease activity index.

μmol/L, respectively. The lowest serum NO levels were
observed in the TNBS and S. boulardii groups. The serum
NO levels in S. boulardii + MP group were higher than
those in the TNBS and S. boulardii groups (P = 0.013 and
0.012, respectively).
The mean tissue NO levels in the control, TNBS, S.
boulardii, MP, and S. boulardii + MP groups were determined to be 7.95 ± 0.50 μmol/L, 29.72 ± 6.10 μmol/L,
16.62 ± 2.27 μmol/L, 14.66 ± 5.18 μmol/L, and 11.95
± 2.34 μmol/L, respectively. The highest tissue NO level
was observed in the TNBS group. The tissue NO levels
in the S. boulardii, MP, and S. boulardii + MP groups were
significantly lower in comparison with the TNBS group
(P = 0.002, 0.003 and 0.002, respectively). However, the
tissue NO levels in the S. boulardii, MP, and S. boulardii +
MP groups were similar (Figure 2A).

12.97 ± 18.90 pg/mL in the control group, 18.25 ± 15.44
pg/mL in TNBS group, 20.59 ± 16.15 pg/mL in S. boulardii group, 9.05 ± 5.13 pg/mL in MP group, and 13.95
± 10.17 pg/mL in S. boulardii + MP group. The mean
tissue TNF-α levels were determined to be 21.75 ± 15.04
pg/mL in the control group, 25.27 ± 11.95 pg/mL in
TNBS group, 24.39 ± 13.06 pg/mL in S. boulardii group,
24.46 ± 10.85 pg/mL in MP group, and 24.26 ± 10.37
pg/mL in S. boulardii + MP group. The serum and tissue
TNF-α levels were comparable between groups (Figure
2B).
Detection and identification of fungal pathogens
Fungemia was not observed in the control group but was
detected in 1 of 7 rats (14%) in the TNBS group, 2 of
7 rats (28%) in the S. boulardii group, 3 of 6 rats (50%)
in the MP group (1 rat in the MP group was excluded
because sufficient blood samples could not be obtained),
and 3 of 7 rats (42%) in the S. boulardii + MP group. The

Serum and tissue TNF-α levels
The mean serum TNF-α levels were determined to be
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c
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istered individual MP or MP with S. boulardii were evaluated at significantly lower levels compared with the TNBS
group. Meaningful differences in the DAI scores of the
S. boulardii group were not determined, although the DAI
score of the S. boulardii group was lower than that of the
TNBS group. As expected, these results show that the
treatment of colitis using MP effectively improves the
symptoms that are observed in rat models of induced
colitis. However, the DAI scores were comparable between the MP and S. boulardii + MP groups, suggesting
that the application of MP in combination with S. boulardii might not be more effective than the individual application of MP. In a recent study[18], Lactobacillus and Bifidobacterium were used to prevent colitis in rats using dextran
sodium sulfate, and DAI scores in the probiotic-treated
group were lower than the control group. However there
are no other reported studies that have investigated the
effects of S. boulardii on DAI in an experimental model
of colitis.
There are a few clinical studies on the application of S.
boulardii for the treatment of UC and CD patients. Guslandi et al[9] conducted a study using 32 CD patients who
were medically treated and had been in remission for 3
mo. For 6 mo, a group was administered only mesalamine
(3 g/d) and another group was administered mesalamine
(2 g/d) and S. boulardii (1 g/d). After 6 mo, 10 patients
in the mesalamine-treated group and 15 patients from
the mesalamine + S. boulardii-treated group were still in
remission (P < 0.04). The same researchers conducted
another pilot study[10] on 25 patients with UC of mild/
moderate intensity who could not be treated with corticosteroids. After 3 mo of mesalamine (3 g/d) treatment,
the patients were additionally supplemented with S. boulardii (250 mg administered 3 × per day) for 4 wk. At the
end of treatment, 17 patients (68%) were in remission
and had demonstrated an obvious reduction in their clinical activity scores (P < 0.05). However, in both studies, S.

Table 3 Changes in body weight in the experimental groups
Groups
Control
TNBS
S. boulardii
MP
S. boulardii + MP

Baseline weight

Final weight

Difference in
body weight

214.0 ± 18.4
218.1 ± 18.6
195.6 ± 9.1
199.3 ± 9.1
197.3 ± 10.7

218.25 ± 19.6
230.0 ± 17.9
198.0 ± 20.2
196.33 ± 9.1
191.43 ± 9.1

4.3
+ 11.9a,b
+ 2.4
- 3.0
- 5.9

The results are shown as the mean ± SD. aP = 0.02 vs Saccharomyces
boulardii (S. boulardii) + methyl prednisolone (MP); bP = 0.01 vs MP. TNBS:
Trinitrobenzene sulfonic acid.

fungemia was determined to be Candida fungi other than
C. albicans using an identification process as explained in
materials and methods section. S. boulardii fungemia was
not identified in any of the rats.

DISCUSSION
It is thought that IBD develops in genetically prone individuals as a result of defective immune responses against
the antigens of enteric bacterial flora. Antibiotics and immunomodulatory therapies are believed to be important
for the treatment of these diseases[1]. S. boulardii is a probiotic yeast, and it is known that probiotics inhibit pathogenic invasion and also demonstrate regulatory effects on
the enteric flora and immune system[2-5]. Although there
are several published studies on probiotic bacterial therapies in experimental animals with induced IBD, there are
only a few studies on S. boulardii. In this study, the effectiveness of S. boulardii, DAI, macro- and microscopic
pathological ulcer scores, proinflammatory cytokine levels
(i.e., serum and tissue levels of TNF-α), and the serum
and tissue levels of lipid peroxidation products (i.e., NO)
were evaluated.
In our study, the DAI in the groups that were admin-
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boulardii was not used alone and a control group was not
evaluated.
In our study, macroscopic and microscopic pathological scoring was performed to evaluate the effectiveness of S. boulardii against colonic inflammation.
Statistically significant differences were not observed
between the treated and untreated groups that were
induced to form colitis. In addition, no improvement
was noted in the colon mucosa following the administration of individual applications of MP and S. boulardii or
the dual application of MP and S. boulardii. However,
the use of probiotics, such as Lactobacillus and VSL#3
(contains one strain of streptococcus thermophilus, three
strains of bifidobacterium and four strains of lactobacillus),
for the treatment TNBS-induced colitis in rat models
have demonstrated significant improvements in macroscopic and microscopic scores[19,20]. Surprisingly, in our
study, the macroscopic scores in the S. boulardii, MP,
and S. boulardii + MP groups were higher, although they
were not significantly different when compared with the
TNBS group. In the MP and S. boulardii + MP groups,
the macroscopic and microscopic pathology scores were
higher than in the TNBS group, although these groups
also demonstrated significantly lower DAI scores. Thus,
these results suggest that the clinical responses are not
consistent with the histopathological results. The higher
macroscopic and microscopic pathology scores in the
treatment groups compared with the TNBS group can
be explained by delayed effects in ulcer improvement
due to fungal colonization in the gastrointestinal (GI)
tract. In our study, non-Candida albicans fungemia was detected at considerable frequencies in the treated groups.
In a study[21] on inhibiting Candida translocation in the
GI tract using probiotics, a group of patients with UC
and rats with acetic acid-induced stomach ulcers were
included. It was shown that Candida colonies formed in
these groups, which was accompanied by the delayed
recovery of stomach ulcers and the persistence of both
of gastric ulcers and UC symptoms. An increase in cytokine expression, especially TNF-α and IL-1 levels, was
detected in the rats that were inoculated with Candida.
IBD is an immunosuppressive disease caused by a
defective intestinal mucosal barrier that can be brought
on by applied treatments. Thus, during the course of the
disease, insidious infections, such as cytomegalovirus
and C. albicans, can develop. There are reported cases of
the development of fungemia caused by Candida species,
such as C. parapsilosis, C. albicans, and Saccharomyces cerevisiae, in UC patients. S. boulardii fungemia was reported in
a 33-year-old male patient who was diagnosed with IBD,
underwent intestinal surgery, and was in the intensive
care unit[22]. In our study, fungemia due to S. boulardii did
not develop in any of the groups. Accordingly, in the
colitis rat model, an increase in the risk of developing S.
boulardii fungemia was not determined upon the application of S. boulardii alone or in conjunction with MP. In
this study, while fungemia was not observed in the control group, non-C. albicans was observed in the TNBS, S.
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boulardii, MP, S. boulardii + MP groups with frequencies
of 14%, 28%, 50%, and 48%, respectively. This result is
not consistent with previously published reports on the
inhibition of Candida translocation in the gastrointestinal
tract due to the use of probiotics in immunosuppressed
rats[21,23].
In this study, the serum NO level in the group
treated with S. boulardii + MP was high compared with
the TNBS and S. boulardii groups. In addition, serum
NO levels were comparable between the other groups.
However, tissue NO levels in all 3 treatment groups were
statistically and significantly lower in comparison with
the TNBS group. As observed, the serum and tissue NO
levels were inconsistent. However, it is known that the
serum NO level is affected by systemic events, and tissue NO levels are more reliable. As a result, based on the
results of the TNBS group, tissue NO levels are found
to be low in all treatment groups. These results suggest
that use of S. boulardii and MP alone or in combination
can reduce the intensity of inflammation and damage to
the colitis mucosa. It was also revealed that the addition
of S. boulardii to MP treatment does not yield a synergistic effect because the tissue NO levels of the MP and S.
boulardii + MP groups were similar. In another study[7],
S. boulardii treatment reportedly affected NO levels in a
rat diarrhea model that was induced by castor oil. In that
study, S. boulardii was a successful diarrhea treatment that
inhibited inducible NO synthase activity. In addition,
other probiotics, especially Lactobacillus that has been used
in induced colitis models, have been reported to reduce
the tissue NO level by inhibiting inducible NO synthase
activities[24].
TNF-α is produced by CD4 + T lymphocytes that are
assembled around inflamed mucosa. TNF-α is a strong
chemokine that functions in pathological inflammatory
signal transduction by directing the migration of neutrophils to inflamed mucosa. Therefore, serum and tissue
TNF-α levels are mainly used to evaluate the intensity of
inflammation. In many studies conducted using Lactobacillus in TNBS-induced colitis models, the tissue TNF-α
levels in the groups that were administered Lactobacillus
were significantly reduced compared with the control
group[25,26]. It has been demonstrated that the Lactobacillus
species used in those studies reduces the number of CD4
+ T cells in inflamed mucosa, thus reducing TNF-α production. In addition to these effects, Lactobacillus increases
the production of anti-inflammatory IL-10 by shifting
the T helper1 (Th1) cellular immune response towards
Th2 and Th3. By changing the TNF-α/IL-10 ratio, the
intensity of inflammation can be reduced[26]. In a recent
study[6], it was demonstrated that S. boulardii decreases intestinal inflammation by reducing the mucosal expression
of proinflammatory cytokines in rats with TNBS-induced
colitis. In our study, the serum and tissue TNF-α levels
were similar in all groups. These results can be explained
by non-Candida albicans fungemia, which can cause an
increase in cytokine expression[21]. While there are an insufficient number of studies conducted on S. boulardii, S.
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boulardii is believed to be involved in anti-inflammatory
effects by affecting various inflammatory mechanisms[5-7].
In conclusion, this study establishes that S. boulardii
does not improve DAI or colonic inflammation in rats
with TNBS-induced colitis and does not reduce serum
or tissue TNF-α levels. The only significant effect of S.
boulardii is reducing tissue NO levels. S. boulardii-based
fungemia was not detected in any of the rats included in
this study.
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It is thought that inflammatory bowel disease (IBD) develops in genetically
prone individuals as a result of a defective immune response against the antigens of enteric bacterial flora. Antibiotics and immunomodulatory therapies
play an important role in the treatment of these diseases. Saccharomyces
boulardii (S. boulardii) is a probiotic yeast, and it is known that probiotics inhibit
pathogenic invasion and demonstrate regulatory effects on the enteric flora and
immune system. Although there are several published studies on the use of
probiotic bacterial therapy in experimental animals with induced IBD, there are
a few studies on the involvement of S. boulardii.

7

8

Research frontiers

The present study shows that S. boulardii is a probiotic agent that demonstrates
no effects on the disease activity index (DAI), serum and tissue tumor necrosis
factor-α (TNF-α) levels, or pathologic findings in a rat model of trinitrobenzene
sulfonic acid (TNBS)-induced colitis. However S. boulardii may reduce tissue
nitric oxide (NO) levels, which is an important messenger involved in vein permeability and tissue damage. S. boulardii-based fungemia was not detected.

9
10

Innovations and breakthroughs

There are a few clinical studies on the efficacy of S. boulardii for treating IBD.
Based on the findings of these published studies, S. boulardii appears to be
promising. In a recent study, it was shown that treating human colon epithelial
cells with S. boulardii increases the expression of peroxisome proliferatoractivated receptor-c and inhibits the secretion of IL-8. In the same study, it was
demonstrated that S. boulardii decreases intestinal inflammation by reducing
the mucosal expression of proinflammatory cytokines in rats with TNBS-induced
colitis. However the effects of S. boulardii on DAI and NO were not evaluated.
The present study was conducted to investigate the effects of S. boulardii on
DAI, pathological scores, TNF-α, and NO. Additionally, the risk of fungemia,
which could result from treatment with S. boulardii alone or in combination with
corticosteroids, was also evaluated.

11

12

13

Applications

The present study shows that S. boulardii does not improve DAI or colonic
inflammation in rats with TNBS-induced colitis or reduce TNF-α levels. These
results suggest that S. boulardii may not be an effective treatment for patients
with IBD. In contrast, the limited number of studies conducted on this issue
have reported some promising results. Therefore, further studies are needed in
order to draw a firm conclusion.

14

15

Terminology

Crohn’s disease and ulcerative colitis, both of which are referred to as IBD, are
chronic inflammatory disorders of the gastrointestinal tract that have characteristic clinical, pathological, endoscopic, and radiological features. TNBS-induced
colitis is well-established in various animal models of mucosal inflammation that
have been used for over 2 decades for the study of IBD pathogenesis and in
preclinical studies. Probiotics are live microorganisms that positively affect health
when ingested. S. boulardii is a live yeast that is extensively used as a probiotic.

16
17

Peer review

This study examine the impact of S. boulardii on TNBS colitis. This is an excellent experimental study that evaluated the effects of S. boulardii on clinical activity scores, TNF-α levels, serum and tissue NO levels, and macroscopic and
microscopic pathological scores in a rat model of TNBS-induced colitis.
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BRIEF ARTICLE

Nutritional support teams increase percutaneous
endoscopic gastrostomy uptake in motor neuron disease
Lin Zhang, Leanne Sanders, Robert JL Fraser
the discussion regarding gastrostomy was recorded as
Nutritional Support Team (involved in providing nutrition
input viz Gastroenterologist, Speech Pathologist, Dietitian) and other (involved in non-nutritional aspects of
patient care). Factors affecting placement and outcomes
including length of survival, change in weight and QoL
were determined.
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RESULTS: Case records were available for all 86 patients (49 men, mean age at diagnosis 66.4 years).
Thirty-eight patients had bulbar symptoms and 48 had
peripheral disease as their presenting feature. Sixty-six
patients reported dysphagia. Thirty-one patients had
undergone gastrostomy insertion. The major indications
for PEG placement were dysphagia and weight loss.
Nine patients required immediate full feeding, whereas
17 patients initially used the gastrostomy to supplement
oral intake, 4 for medication administration and 1 for
hydration. Initially the PEG regime met 73% ± 31% of
the estimated total energy requirements, increasing to
87% ± 32% prior to death. There was stabilization of
weight in patients undergoing gastrostomy [BMI at 3
2
2
mo (22.6 ± 2.2 kg/m ) and 6 mo (22.5 ± 2.0 kg/m )
after PEG placement compared to weight at the time
2
of the procedure (22.5 ± 3.0 kg/m )]. However, weight
loss recurred in the terminal stages of the illness. There
was a strong trend for longer survival from diagnosis
among MND in PEG recipients with limb onset presentation compared to similar patients who did not undergo
the procedure (P = 0.063). Initial discussions regarding
PEG insertion occurred earlier after diagnosis when seen
by nutrition support team (NST) clinicians compared to
other clinicians. (5.4 ± 7.0 mo vs 11.9 ± 13.4 mo, P =
0.028). There was a significant increase in PEG uptake
(56% vs 24%, P = 0.011) if PEG discussions were initiated by the NST staff compared to other clinicians.
There was no change in the ALSFRS-R score in patients
who underwent PEG (pre 34.1 ± 8.6 vs post 34.8 ±
7.4), although in non-PEG recipients there was a nonsignificant fall in this score (33.7 ± 7.9 vs 31.6 ± 8.8).
Four patients died within one month of the procedure,

Abstract
AIM: To examine factors influencing percutaneous endoscopic gastrostomy (PEG) uptake and outcomes in
motor neuron disease (MND) in a tertiary care centre.
METHODS: Case notes from all patients with a confirmed diagnosis of MND who had attended the clinic at
the Repatriation General Hospital between January 2007
and January 2011 and who had since died, were audited. Data were extracted for demographics (age and
gender), disease characteristics (date of onset, bulbar
or peripheral predominance, complications), date and
nature of discussion of gastrostomy insertion, nutritional
status [weight measurements, body mass index (BMI)],
date of gastrostomy insertion and subsequent progress
(duration of survival) and quality of life (QoL) [Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised
(ALSFRS-R)]. In addition, the type of clinician initiating
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crease the use of PEG including nutrition education and
early discussion of alternative feeding routes[10,11]. It has
also been suggested that involvement of multidisciplinary
teams may have a role and potentially improve the length
of survival [11-13].
The aim of the current study was to examine the factors associated with the uptake and the outcomes of PEG
placement in patients with MND being managed in a tertiary referral centre.

4 developed bacterial site infection requiring antibiotics
and 1 required endoscopic therapy for gastric bleeding.
Less serious complications attributed to the procedure
included persistent gastrostomy site discomfort, poor
appetite, altered bowel function and bloating.
CONCLUSION: Initial discussion with NST clinicians
increases PEG uptake in MND. Gastrostomy stabilizes
patient weight but weight loss recurs with advancing
disease.
© 2012 Baishideng. All rights reserved.

MATERIALS AND METHODS

Key words: Motor neuron disease; Multidisciplinary ma
nagement; Nutrition support team; Percutaneous endoscopic gastrostomy; Survival

A retrospective case note audit was conducted at the Re
patriation General Hospital (RGH), a 270-bed university
affiliated teaching metropolitan hospital. The study was
approved by the Southern Adelaide Clinical Human
Research Ethics Committee. To preserve patient anonymity,
a unique study ID was assigned to each patient, and personal
details were kept separate from the research data.
Patients were included in this study if they had at
tended RGH for management of MND, and had died
between January 2007 and January 2011. All diagnoses
of MND were confirmed by one or two neurologists
based on El Escorial criteria after appropriate clinical
examinations and investigations. Patient characteristics
including gender, age, dates of MND onset and diagnosis, presentation features of MND, and complications
(the presence of respiratory insufficiency, dysphagia and
dementia) were recorded.
The type of MND was classified as either bulbar
or limb disease according to symptoms at presentation.
Patients with both bulbar and limb symptoms were classified
as having bulbar disease.
To assess nutrition status, weights at four times were
determined: usual (prior to diagnosis of MND), at diagnosis,
at assessment (when the dietetic service was involved), and
at death. In patients undergoing gastrostomy, the weight at
PEG insertion, and 3 and 6 mo post-procedure were also
recorded. Body mass index (BMI) and percentage weight
loss (PWL) were also calculated over time.
To assess the role of different clinical groups in PEG
management in MND, the type of clinician initiating the
discussion of PEG, dates of initial PEG discussion and
PEG insertion, and reasons for accepting or declining
the procedure, together with the rationale for PEG were
recorded. Clinicians with expertise in PEG insertion and
management (dietitian, gastroenterologist or speech pathologist) were considered as a nutritional support team
(NST). Other clinicians involved in MND management
were recorded individually (e.g., palliative care physicians,
neurologists, specialist nurses, sleep registered nurses, rheumatologists and general physicians) and grouped as other.
To evaluate the effect of PEG placement on QoL, the
results from the Amyotrophic Lateral Sclerosis Functional
Rating Scale-Revised (ALSFRS-R) [14] were obtained
from the Palliative Care MND clinic at the RGH. Scores
were extracted from the records at the closest time prior

Peer reviewer: Andrew Ukleja, MD, Assistant Professor, Department of Gastroenterology, Cleveland Clinic Florida, 2950
Cleveland Clinic Blvd., Weston, FL 33331, United States

Zhang L, Sanders L, Fraser RJL. Nutritional support teams increase percutaneous endoscopic gastrostomy uptake in motor
neuron disease. World J Gastroenterol 2012; 18(44): 6461-6467
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i44/6461.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i44.6461

INTRODUCTION
In patients with motor neuron disease (MND), the management of dysphagia either at diagnosis or developing
during disease progression remains a major clinical issue[1-3]. Provision of adequate nutrition is important in
these patients as malnutrition and dehydration can increase the rate of disease progression and adversely upset
quality of life (QoL)[1]. Although percutaneous endoscopic
gastrostomy (PEG) insertion is an important strategy in
optimizing nutritional management, the effect of this intervention on survival remains controversial with studies
reporting both benefit[2] and lack of effectiveness[3,4]. The
reasons for these discrepancies are unclear and may relate,
in part, to the timing of PEG insertion in different patient
subgroups[4,5]. Weight gain or weight maintenance has
been reported as another positive outcome of PEG, but
the duration of the effect is also uncertain[2,6]. Although
a number of indications, including weight loss and choking have been proposed for PEG insertion in MND[6-8],
published data indicate that the procedure is performed
in less than 50% of patients, who fulfill these criteria[1]. In
part, this may reflect delays in PEG insertion until there
is a major clinical deterioration in swallowing[7], although
limited data show subclinical abnormalities in pharyngeal
function often occur earlier[9]. Thus, it is possible that
some patients who might benefit from supplemental nutrition may not receive this at the appropriate time[7].
A number of strategies have been proposed to in-
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All patients audited

n = 86

Dysphagia

PEG

Bulber (B)/Limb (L)

Yes

No

n = 66

n = 20

Yes

No

No

n = 31

n = 35

n = 20

B

L

B

L

L

n = 20

n = 11

n = 18

n = 17

n = 20

Table 1 Summary of patient demographic and disease characteristics characteristics of subjects (mean ± SD) or n (%)
Males
Type of MND
Bulbar as predominant symptom
Limb as predominant symptom
Age at symptom onset (yr)
Age at diagnosis (yr)
Survival after PEG placement (mo)
Living arrangements
Alone
With spouse
With other family member
Care facility
Not recorded
Complications during illness
Dysphagia
Respiratory insufficiency
Dementia
Symptom onset to PEG placement (mo)
Diagnosis to PEG placement (mo)

Figure 1 Patient numbers according to dysphagia, percutaneous endoscopic gastrostomy insertion and type of motor neuron disease. PEG:
Percutaneous endoscopic gastrostomy.

to (≤ 1 to 5 mo) (Q1) and after (≤ 1 to 5 mo) (Q2)
PEG insertion in these patients. For non-PEG patients,
ALSFRS-R assessments at “correlated” time points Q1’
and Q2’, corresponding to the mean interval before and
after PEG insertion were used for comparison.
The outcomes in terms of formula delivery and level
of nutrition support as well as any complications of PEG
placement were also recorded.
Extracted data were entered into a spreadsheet and
analysed using Predictive Analytics Software Statistics
Version 18.0.3 for Windows (PASW, formerly SPSS,
SPSS Inc., 2010, Chicago, IL, United States). Patient
characteristics were recorded as mean ± SD and counts
(percentages). Categorical data were compared by χ 2 tests.
Continuous data between groups and within groups were
compared by independent-sample T tests and pairedsamples T tests, respectively. P ≤ 0.05 was considered
statistically significant in all analyses.

38 (44)
48 (56)
65.0 ± 13.7
66.4 ± 13.0
11.3 ± 10.1
13 (15)
50 (58)
10 (12)
7 (8)
6 (7)
66 (77)
47 (55)
5 (6)
20.3 ± 8.0
10.8 ± 8.3

MND: Motor neuron disease; PEG: Percutaneous endoscopic gastrostomy.

procedure between the groups.
The major reason for having a PEG inserted was dysphagia (n = 26), with severe weight loss (n = 4) and prophylaxis (n = 1) also recorded. The reasons for PEG insertion not proceeding after discussion (n = 38) were patient
preference (n = 17), death before PEG placement [n = 9,
(4 discussed with NST, 5 with other)] and lack of medical
fitness for procedure (n = 1). In 11 patients no reason for
refusal was recorded. In patients who died before the PEG
could be undertaken, 4 instances were due to advanced disease and respiratory failure preventing the safe performance
of the procedure. Two of these were initially discussed with
NST and 2 with other clinicians. Of the other 5 patients
(2 NST, 3 other) the patients initially agreed to the gastrostomy but then failed to proceed with the procedure.
Regardless of the presentation (i.e., bulbar or limb),
there was a trend towards longer survival in MND patients with dysphagia after PEG insertion (21.6 ± 15.6
mo), compared to patients who had dysphagia, but did
not undergo the procedure (16.8 ± 11.0 mo, P = 0.089).
This increased length of survival reflected the effect in
patients with limb onset MND who developed dysphagia
(PEG: 26.4 ± 20.4 mo vs non-PEG: 14.4 ± 10.8 mo, P =
0.063) (Figure 2) as in bulbar MND patients there was no
difference in survival with or without PEG (19.2 ± 12.0
mo vs 18.0 ± 10.8 mo, P = 0.656).
PEG insertion was accompanied by stabilization of
patient weight 3 and 6 mo after placement. In contrast, patients who did not undergo PEG placement had ongoing
weight loss. However, further weight loss occurred in all patients as MND progressed (Table 3). Thus, the mean BMI
for PEG patients decreased significantly from usual weight
to diagnosis (P = 0.003), diagnosis to assessment for PEG
(P = 0.001) and from this assessment to death (P = 0.023).
There was a trend for PEG to be offered to patients who

RESULTS
Case records were available for all 86 patients with MND
who attended the hospital and met the selection criteria. Demographic and disease characteristics are shown
in Table 1. The breakdown of the number of patients
according to the type of MND, presence of dysphagia
and PEG insertion are shown in Figure 1.
In total, 31 subjects underwent PEG placement using a pull technique with either a 20 Fr (n = 28) or an 18
Fr device. All of these patients had dysphagia. Patients
with bulbar presentation (20/38, 53%), were more likely
to have PEG inserted than those presenting with limb
symptoms (11/48, 23%, P = 0.004).
PEG placement was discussed with 75.6% (65/86)
patients, 92.1%, with bulbar (35/38) and 62.5% with limb
onset (30/48). The NST initiated these discussions in 36
patients and other clinicians in 29 patients. There was a
significant increase in the percentage of patients undergoing PEG when the initial discussions were held with the
NST (56% vs 24%, P < 0.02, Table 2). In addition, these
patients had longer time from symptom onset to diagnosis, and a shorter time from diagnosis to PEG. There was
no difference in the time from the initial discussion to the
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Table 2 Relationship between the uptake of percutaneous endoscopic gastrostomy and clinician initiating discussion
Nutritional support team

Other clinicians

P value

36
20 (56%, 20/36)
12.8 (± 7.5), n = 26
5.4 (± 7.0), n = 20
3.5 (± 3.3), n = 20
12.9 (± 11.1), n = 20
30.0 (± 13.2), n = 26
18.0 (± 15.6), n = 36

29
7 (24%, 7/29)
8.4 (± 3.9), n = 17
11.9 (± 13.4), n = 6
4.4 (± 3.2), n = 6
8.8 (± 10.1), n = 6
31.2 (± 13.2), n = 17
21.6 (± 15.6), n = 27

0.011
0.017
0.028
0.572
0.422
0.740
0.393

Initial PEG discussions, n
Patients undergoing PEG insertion after initial discussion, n
MND symptom onset to MND diagnosis, mo
MND diagnosis to initial PEG discussion, mo
Initial PEG discussion to placement, mo
PEG placement to death, mo
MND symptom onset to death, mo
MND diagnosis to death, mo
MND: Motor neuron disease; PEG: Percutaneous endoscopic gastrostomy.

1.0

1

Time points

n

Usual
Diagnosis
Assessment
PEG insertion
3 mo post-PEG
6 mo post-PEG
Death

20
23
25
25
16
13
16

Usual to diagnosis
Diagnosis to assessment
Assessment to PEG insertion
PEG insertion to 3 mo after
3 to 6 mo post-PEG
6 mo post-PEG to death

22
26
28
18
13
12

Probability of freedom from event

Table 3 Comparison of weight assessments for patients with
motor neuron disease undergoing percutaneous endoscopic
gastrostomy
2

Body mass index (mean ± SD) kg/m

26.6 ± 4.3
25.3 ± 4.0
23.8 ± 3.6
22.5 ± 3.0
22.6 ± 2.2
22.5 ± 2.0
21.2 ± 2.2
Percentage of weight loss (mean ± SD)
5.8 ± 7.5
5.9 ± 7.0
5.9 ± 5.9
-0.1 ± 6.02
1.4 ± 5.1
2.4 ± 4.9

0.8

Yes
No

0.6
0.4
0.2
0.0
0.00

20.00
40.00
60.00
80.00
100.00
Time from MND diagnosis to death (mo)

Figure 2 Kaplan-Meier plots of survival probabilities after percutaneous
endoscopic gastrostomy placement among patients with limb onset motor neuron disease who developed dysphagia. MND: Motor neuron disease;
PEG: Percutaneous endoscopic gastrostomy.

1

Some data unavailable due to patients being unable to be weighed. Usualpre-MND diagnosis; Diagnosis-at diagnosis of MND; Assessment-when
dietetic service was involved pre-PEG insertion; 2Percentage of weight
gain. MND: Motor neuron disease; PEG: Percutaneous endoscopic gastrostomy.

recorded in 19 patients after PEG insertion. These included pain at the site of the gastrostomy at follow up (n
= 9), poor appetite (n = 4), bacterial site infection requiring antibiotics (n = 4), death within 30 d (n = 4, respiratory failure), nausea (n = 3), constipation (n = 2), diarrhea
(n = 2), vomiting (n = 2), bloating (n = 1) and gastric
hemorrhage (n = 1).

had greater weight loss from diagnosis to assessment (PWL
of PEG patients: 5.9% ± 7.0% vs PWL of non-PEG patients with dysphagia: 2.3% ± 6.5%, P = 0.076).
Initially, 17 patients used PEG to supplement oral
intake; nine required immediate full feeding; four
used PEG for medication administration and one for
hydration. Eight patients were nil by mouth. Initially the
feeding regime met 73% ± 31% of the estimated total
energy requirements and this increased to 87% ± 32%
prior to death.
Fifty-nine patients (68.6%) had at least one assessment with the ALSFRS-R performed during their illness.
There was no change in the ALSFRS-R score in patients
who underwent PEG (34.1 ± 8.6, n = 19 at Q1 and 34.8
± 7.4, n = 17 at Q2). Interestingly, in patients who did
not undergo PEG placement, there was a non-significant
fall in the ALSFRS-R score from 33.7 ± 7.9 (n = 31) at
Q1’ to 31.6 ± 8.8 (n = 18) at Q2’. There was no significant difference between Q1 and Q1’ (P = 0.886), or Q2
and Q2’ (P = 0.252).
Possible adverse effects related to the procedure were

WJG|www.wjgnet.com

Whether patient had
PEG inserted or not

DISCUSSION
The new findings from this study are that initial discussions of PEG insertion by a NST significantly increases
the uptake of PEG by patients with MND, compared to
when discussions were initiated by other clinicians. There
was also a trend for increased survival for patients with
limb onset disease who had a PEG, but not for patients
with bulbar onset disease. Consistent with previous studies, PEG placement initially arrested weight loss, although
with disease progression patients again lost weight prior
to death. Data on the QoL were incomplete but no decrease was seen in the ratings in patients undergoing
PEG placement.
Previous reports suggest that the uptake of PEG is
approximately 20%[1], although up to 80% of MND patients developed dysphagia at some point in their illness.
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The reasons for this are unclear, but may reflect lack of
enthusiasm by both patient and clinicians about a procedure whose value remains uncertain. Also, patients may
lack sufficient information about the procedure and its
implications. Additionally in some patients, respiratory
dysfunction may present a contraindication to gastrostomy by preventing safe performance of the procedure[9].
The current report extends previous data showing
that involvement of multidisciplinary teams in the care
of patients with MND enhances the uptake of interventions, including gastrostomy[10,12,15,16]. In this study, possible PEG placement was discussed with the majority of
patients regardless of the presence of dysphagia or the
type of presentation of MND. However, the initiation
of discussion by clinicians with a background in nutrition significantly increased the patients’ uptake of PEG
insertion. It is possible that clinicians familiar with MND
are more aware of the importance of nutrition adequacy
in MND management and clinicians who are closely
involved in management of PEG insertions are able to
better allay patients’ concerns. Furthermore, the NST
raised the topic significantly earlier than other clinicians
after diagnosis, which potentially allowed more time for
the patients to adjust to the concept and undergo PEG
insertion before their overall condition deteriorated.
The time from PEG discussion to PEG insertion was
similar between these two clinician groups suggesting
that patients were not simply referred to the NST when
nutrition was inadequate. Overall survival of patients
undergoing PEG placement was similar irrespective of
their referring clinician, suggesting that there was no
difference in the patients with whom the procedure was
discussed to explain the difference in uptake.
The effect of PEG feeding on survival in patients
with MND has been controversial. It is possible that differences in reported outcomes may reflect the different
subtypes of MND undergoing the procedure as well as
the timing of the procedure[2-6,9]. In the current study,
there was a strong trend for prolonged survival after
PEG, but only in those patients with limb onset disease.
The reasons for this are unclear. An early study[2] suggested that PEG prolonged survival significantly in MND
patients with bulbar symptoms, including those in whom
dysphagia developed at any stage. However, in this study
the symptoms at presentation (i.e., bulbar or limb) were
not defined[2]. Another case control study[5] found no
significant survival benefit of the use of PEG, but PEG
was associated with prolonged survival in their whole
study cohort and among those with bulbar onset; the
reasons for this discrepancy are unclear but may reflect
an older patient profile in the current study. Forbes et
al[3] found no survival difference, and in their study limb
onset patients fared worse than bulbar onset patients,
although the survival in this study was shorter than in the
present study. Strong et al[4] found that gastrojejunostomy
was associated with shorter survival in either bulbar onset
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or limb onset patients; however, the control group in this
study contained patients who did not require PEG placement and therefore might have had better nutrition status
initially.
Maintaining a patient’s weight is a possible advantage of PEG in nutrition management in MND, but the
duration of this effect is unclear. In the present study,
the patients’ weight stabilized for six months after PEG
placement, but with disease progression, patients again
lost weight. Weight gain at three months post-PEG
has been previously described[5,6], but only one report[2]
has described ongoing weight gain over 12 mo postgastrostomy. In that study, the patients’ baseline BMI
prior to PEG insertion was lower (19.7 kg/m2) than in
the present study (22.5 kg/m2) and this may explain the
discrepancy.
The benefits of PEG in prolonging survival and maintaining weight did not reach statistical significance in this
study, and may have reflected a bias in patient selection,
since patients who underwent PEG placement had more
severe weight loss. Several studies have concluded that
lower PWL prior to PEG placement is associated with
longer survival[5]. This suggests that early recognition of
weight loss may be important to optimize timing of the
procedure[7]. Consequently PWL has been recommended
as the best indicator of malnutrition and for the referral
for PEG, rather than BMI[5,12,16]. In the United Kingdom,
using ≥ 10% PWL from baseline has been preferred as
an indicator for PEG insertion instead of BMI in MND
patients[17]. An Irish review suggested that PEG was warranted when 5%-10% of weight loss was observed in
MND patients[18], and Chiò et al[5] found that patients with
PWL ≥ 10% fared worse after PEG placement. Thus,
the optimal timing remains uncertain[1,9]. In the current
study, an additional interesting finding was that, consistent
with other reports[18], patients experienced rapid weight
loss prior to death even with PEG nutrition. The reasons
for this are unclear. Although overall PEG feeding did not
achieve 100% of the feeding goals (reflecting the desire to
provide supplemental feeding/hydration in some patients,
and voluntary restriction in others in the terminal phase
of their illness) overall nutrition intake appeared adequate.
It is possible that loss of muscle mass with disease progression[19] and increased energy requirement due to respiratory insufficiency[18] may be important contributory
factors.
A further potential benefit from PEG insertion in
MND patients has been the potential to improve QoL[6],
but this has not been systematically assessed[1,2,3,17]. In
the current study, ALSFRS-R scores were maintained
after the gastrostomy PEG. However, interpretation of
the data is limited, in part because of difficulties in obtaining comparable data between PEG and non-PEG
patients. In addition, the comparison of QoL is likely
to be affected by the severity of dysphagia before PEG
placement which in itself contributes to the probability
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of the procedure[8]. Also, adverse effects associated with
gastrostomy placement are likely to reduce any positive
effects[1]. Although weight loss, pain and poor appetite
have been identified as indicators of decreased QoL[1,6],
their relationship to PEG placement is difficult to assess.
The retrospective nature of the current study means
that some caution is required in the interpretation of the
data. Thus, although data from all patients with MND
seen at the hospital were included in the study, it is impossible to exclude biases due to patient referral. However, the demographics of the patient group are similar
to those reported previously. Moreover, as the hospital
provides state-wide palliative care for the majority of
patients with MND, data are likely to be representative
of Australian patients with the condition. Although nutritional advice provided by services external to the hospital
was not obtained, it seems unlikely that this impacted significantly on patient care.
In conclusion, initial discussion about PEG placement with a nutrition support team increased the uptake
of PEG in patients with MND. Gastrostomy insertion
was associated with a strong trend towards longer survival of patients with dysphagia who had limb onset but
not bulbar disease. In patients undergoing PEG placement there was initial stabilization of weight, but with
disease progression patient weight again decreased.
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RESULTS: Minute pharyngeal lesions were diagnosed
in 93 of approximately 3000 patients receiving magnified NBI examinations at the clinic. Of the 93 patients
with IPCL type Ⅳ lesions, 80 were men, and 13 were
women. Fifty-six were drinkers, and 57 were smokers.
Two had esophageal cancer. Twenty-one lesions were
located on the posterior hypopharyngeal wall, and 72
lesions were located on the posterior oropharyngeal
wall. All 93 lesions were flat and showed similar findings in the magnified and unmagnified NBI examinations. Although almost all of the IPCL type Ⅳ lesions
showed faint redness when examined under white light,
it was difficult to diagnose the lesions using only this
technique because the contrast was weaker than that
achieved in the NBI examinations. Of the 93 lesions,
only 3 had diameters greater than 2.1 mm. Sixty-two
lesions of approximately 1 mm were biopsied in the
clinic, whereas 17 larger lesions were treated by ESD at
the Hiroshima University Hospital. Of the 79 pharyngeal
lesions that were biopsied or resected by ESD, 5 were
histologically diagnosed as high-grade dysplasia, 39
were diagnosed as low-grade dysplasia, and 39 were
determined to be non-dysplastic lesions. There were no
cancerous lesions. Histologically, abnormal cell size variations and increased nuclear size were observed in all
of the high-grade dysplasia lesions, while the incidence
of these findings in the low-grade dysplasia lesions was
low. Of the 62 biopsied lesions, 45 were microscopically
measurable. The measured diameters ranged from 0.1
to 2.0 mm. The dysplasia ratios increased with the diameters. A follow-up endoscopic examination of the 34
biopsied patients found the rate of complete resection
by biopsy to be 79%. The largest lesion in which complete resection was expected was a low-grade dysplasia
of 1.9 mm in diameter.

Abstract
AIM: To evaluate the utility of magnified narrow-band
imaging (NBI) endoscopy for diagnosing and treating
minute pharyngeal neoplasia.
METHODS: Magnified NBI gastrointestinal examinations were performed by the first author. A magnification hood was attached to the tip of the endoscope
for quick focusing. Most of the examinations were
performed under sedation. Magnified NBI examinations
were performed for all of the pharyngeal lesions that
had noticeable brownish areas under unmagnified NBI
observation, and an intrapapillary capillary loop (IPCL)
classification was made. A total of 93 consecutive pharyngeal lesions were diagnosed as IPCL type Ⅳ and
were suspected to represent dysplasia. Sixty-two lesions of approximately 1 mm in diameter were biopsied
in the clinic, and 17 lesions with larger diameters were
resected by endoscopic submucosal dissection (ESD)
at the Hiroshima University Hospital. In addition to the
histological diagnoses, the lesion diameters were microscopically measured in 45 of the 62 biopsies. Thirty-
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CONCLUSION: Minute pharyngeal lesions suspected
to be dysplasia that are identified by NBI magnifying
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43-84 years (mean age, 67.1 years). Drinking and smoking
habits were assessed for 86 patients. Lesions of approximately 1 mm in diameter were found in 62 patients and
were biopsied at the clinic, and the 17 patients with larger
lesions were endoscopically resected by ESD at the Hiroshima University Hospital. Detailed histological assessments were performed for 62 of the biopsies. Thirty-four
of the 62 biopsied patients received follow up endoscopy.

endoscopy should be biopsied to determine the diagnosis and further treatment.
© 2012 Baishideng. All rights reserved.
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Instruments
The following instruments were used in this study: a
magnifying endoscope that was capable of × 80 magnification (GIF H260Z; Olympus Optical Co. Ltd, Tokyo,
Japan), a standard videoendoscopy system (EVIS LUCERA; Olympus), and an NBI system (Olympus).

Kumamoto T, Sentani K, Oka S, Tanaka S, Yasui W. Clinicopathological features of minute pharyngeal lesions diagnosed by narrow-band imaging endoscopy and biopsy. World J Gastroenterol
2012; 18(44): 6468-6474 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v18/i44/6468.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i44.6468

Endoscopic examination
All of the endoscopic examinations were performed by
the first author (Kumamoto T). A magnification hood
(MB-46, Olympus) was attached to the tip of the endoscope. Intravenous access and pulse oximetry monitoring were established prior to the examination. Most of
the examinations were performed under intravenous
pethidine hydrochloride (17.5-70 mg) and midazolam
(0.5-4 mg) sedation. The pharynx was mainly observed
by NBI from the beginning of the examination. The
pharynx was examined in the following order: uvula,
posterior oropharyngeal wall, epiglottis, posterior hypopharyngeal wall, and pyriform sinus. The pharynx
observation time was approximately 1 min. Magnified
NBI was used for all pharynx lesions with noticeable
brownish areas in the NBI examination, and an IPCL
classification was performed. The IPCL classification
followed the criteria of Dr. Inoue H[12,13]. According to
these criteria, a lesion must meet three of the following
four characteristics to be classified as IPCL type Ⅳ: dilatation, tortuous running, caliber changes, and different
shapes in each IPCL[12-14]. In the 93 IPCL type Ⅳ lesions,
smaller lesions of approximately 1 mm in diameter were
biopsied with disposable biopsy forceps (FB-210K,
Olympus). To avoid post-biopsy bleeding, all anticoagulants were discontinued from 3 d before to 3 d after the
biopsy. The biopsy patients remained in the clinic for
2-3 h, including a 1 h post-sedation recovery time. Annual magnified NBI examinations were recommended to
all of the biopsy patients, and 34 of 62 biopsy patients
received follow up. To reduce inter-observer variation,
the results of the NBI and magnified NBI examinations
were independently evaluated by 2 endoscopy examiners
(Kumamoto T and Oka S). When the evaluations differed, a consensus decision was achieved by reviewing
the magnified NBI images.

INTRODUCTION
Magnified narrow-band imaging (NBI) endoscopy is
reportedly useful for early pharyngeal[1-5] and esophageal
cancer diagnosis[6-10]. Magnified NBI is useful both for detecting suspicious changes and for further diagnostic purposes, such as determining whether a lesion is suspected
of being dysplasia or cancer[11,12]. We routinely examined
upper gastrointestinal tracts using magnified NBI for one
and a half years. When the unmagnified NBI detected a
brownish area in the pharynx, a magnified NBI examination was used to aid the intrapapillary capillary loop
(IPCL) classification[12-14]. If IPCL type Ⅳ or Ⅴ was observed, dysplasia or cancer was suspected, and treatment
was considered. Although endoscopic submucosal dissection (ESD) leads to complete resection, ESD is an inpatient procedure that requires intubation anesthesia. For
smaller (approximately 1 mm) lesions, therefore, our first
choice is to biopsy the lesion for histological diagnosis
while performing a complete resection. There have been
no previous reports on the utility of biopsying minute
pharyngeal lesions. This article reports our histological
diagnosis, treatment, and follow-up findings from minute
pharyngeal dysplasia biopsies.

MATERIALS AND METHODS
Patients
Most patients over 30 years old who require gastrointestinal endoscopy at the clinic are examined by magnified
NBI. From August 2008 to March 2010, a total of 93
consecutive patients with IPCL type Ⅳ pharyngeal lesions, as determined by magnified NBI, were enrolled in
this study (Table 1). The patients included 80 men aged
39-87 years (mean age, 66.9 years) and 13 women aged
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Histological methods and criteria for pathological
diagnosis
The biopsy specimens were extended and fixed to a styrene foam plate by fine acupuncture needles. All of the
specimens were fixed in 10% formalin and embedded in
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Table 2 Histological characteristics of the biopsied pharyngeal
lesions n (%)

Table 1 Patient characteristics (n = 93)
Characteristics
Age, yr (range)
Sex, men/women
Alcohol consumption
Yes
No
Smoker
Yes
No
Esophageal cancer history
Yes
No
Other cancer history
Yes
No
Location
Hypopharynx
Oropharynx
Biopsy cases
High-grade dysplasia
Low-grade dysplasia
Non-dysplasia
ESD cases
High-grade dysplasia
Low-grade dysplasia
Non-dysplasia

No.
67 (39-87)
80/13

Number
IPCL
Upward extension
Dilatation and branching
Diameter expansion
Architectural atypia
Proliferative cell distribution
≥ 2/3
< 2/3
Tumor front
Cytological atypia
Abnormal variation in cell size
Abnormal nuclear arrangement
Increased nuclear size
High
Absent or low

56 (54 men, 2 women)
30 (22 men, 8 women )
57 (56 men, 1 woman)
29 (20 men, 9 women)
2
91
9 (8 gastric cancer, 1 colon cancer)
84
21 (17 men, 4 women)
72 (63 men, 9 women)
62
3
25
34
17
2
14
1

LGD

HGD

34

25

3

26 (76)
5 (15)
0 (0)

24 (96)
21 (84)
8 (25)

3 (100)
3 (100)
1 (33)

0 (0)
34 (100)
0 (0)

0 (0)
25 (100)
23 (92)

3 (100)
0 (0)
3 (100)

0 (0)
0 (0)

2 (8)
23 (92)

3 (100)
3 (100)

0 (0)
34 (100)

0 (0)
25 (100)

3 (100)
0 (0)

Non-D: Non-dysplastic; LGD: Low-grade dysplasia; HGD: High-grade
dysplasia; IPCL: Intra-papillary capillary loop.

cancers included gastric cancer in 8 patients and colon
cancer in 1 patient. Twenty-one lesions were located on
the posterior hypopharyngeal wall, and 72 lesions were
found on the posterior oropharyngeal wall.
All 93 lesions were flat and showed similar findings
in the magnified and unmagnified NBI examinations
(Figures 1B, C; 2A, B). Most of the IPCL type Ⅳ lesions
were identifiable immediately after the magnified NBI
diagnosis by a faint redness under white light (Figure
1A). However, it was difficult to diagnose IPCL type Ⅳ
lesions by this characteristic before an NBI examination
because the contrast is weaker than that of NBI (Figure
1A, B). Of the 93 lesions, only 3 were greater than 2.1
mm in diameter, and the remaining lesions were less than
2.0 mm in diameter. Sixty-two lesions of approximately 1
mm in diameter were biopsied for histological diagnoses
at the clinic, and 17 larger lesions were treated by ESD at
the Hiroshima University Hospital. There were no complications, such as bleeding or pharyngeal pain, during or
after the ESD.
The histological diagnoses of the 79 lesions resected
by biopsy or ESD included 5 cases of high-grade dysplasia, 39 cases of low-grade dysplasia, and 35 nondysplastic lesions. The 35 non-dysplastic cases consisted
of 19 inflamed (pharyngitis) and 16 normal lesions. A
lesion diagnosed as high-grade dysplasia is shown in Figure 1, and an example of low-grade dysplasia is shown in
Figure 2. There were no cancerous lesions. The histological features of each type of dysplasia are shown in Table
2. In high-grade dysplasia, the polarity of the nucleus
was lost, and the nuclear density was markedly increased
throughout the intraepithelial layer, although the superficial portion of the epithelium was mature (Figure 1E).
The microvascular irregularities were more severe than
those seen in low-grade dysplasia. Basal cell palisading
was observed in the low-grade dysplasia lesions; however,
proliferative cells with enlarged nuclei that proliferated

ESD: Endoscopic submucosal dissection.

paraffin wax. The tissue specimens were cut into 3-μm
thick sections, and all of the sections received routine
pathological diagnoses. The pathological parameters of
each lesion were independently evaluated by two pathologists (Sentani K, Yasui W) and used for further analyses.
The dysplasia diagnoses followed the criteria proposed by
the World Health Organization[15]. In this study, dysplasia
was classified as low-grade (mild or moderate dysplasia)
or high-grade (severe dysplasia). These criteria were based
on the architectural and cytological abnormalities. In addition to these abnormalities, IPCL changes were considered[16]. As shown in Table 2, the histological diagnoses
were based on the IPCL changes and on architectural
and cytological atypia. The IPCL changes were defined
as upward extension, dilatation and branching, and diameter expansion. Architectural atypia was determined
by a proliferative cell distribution and the tumor front,
and cytological atypia was assessed by cell size, nuclear
arrangement and nuclear size. The lesion diameters were
measured under light microscopy using the built-in measurement system of the light microscope, which measured to an accuracy of 0.1 mm.

RESULTS
Minute pharyngeal lesions were diagnosed in 93 of approximately 3000 patients who were examined by magnified NBI. The clinicopathological characteristics of the
patients are shown in Table 1. Of the 93 patients, 80 were
men, and 13 were women. Fifty-six patients were drinkers, 57 were smokers, and 2 had esophageal cancer. Other
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A

B

D

E

C

Figure 1 Narrow-band imaging view and histological image of high-grade dysplasia. A: An endoscopic photograph showing an oropharynx with high-grade dysplasia. The slightly reddish colored mucosa is the dysplastic lesion; B: The narrow-band imaging (NBI) corresponding to A, showing a well-demarcated brownish area;
C: The magnified NBI view, showing an intra-papillary capillary loop type Ⅳ pattern. Irregular morphological changes in the superficial microvessels can be observed
in the brownish area; D: Low-power magnification of the biopsied specimen, showing tumor front formation and complete epithelial layer invasion. The diameter of the
lesion was 1.1 mm [hematoxylin and eosin (HE), original × 100]; E: Histologically, the lesion showed abnormal cell size variation and increased nuclear size; it was
diagnosed as high-grade dysplasia (HE, original × 400).

A

B

C

D

Figure 2 Narrow-band imaging view and histological image of low-grade dysplasia. A: Narrow-band imaging (NBI) showing the oropharynx with a welldemarcated brownish area; B: A magnified NBI magnifying view showing an intra-papillary capillary loop type Ⅳ pattern; C: Low power magnification of the biopsied
specimen [hematoxylin and eosin (HE), original ×100]; D: Histologically, the lesion showed minimal cell size variation and was diagnosed as low-grade dysplasia (HE,
original × 400).
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tive for quick focusing. The typical time for a magnified
NBI examination from the pharynx to the duodenum
was 10-15 min. The routine pharynx examination time
was approximately 1 min.
During the period from September 2008 to March
2010, 93 patients with minute pharyngeal IPCL type Ⅳ
lesions of approximately 1 mm in diameter were diagnosed at our clinic by magnified NBI endoscopy. During
this period, we performed approximately 3000 routine
examinations of the upper gastrointestinal tract using
magnified NBI endoscopy. Thus, the frequency of such
lesions was approximately 3%. Although it is well known
that male drinkers and smokers aged over 50 are at high
risk for pharyngeal carcinoma[22], we also observed several
cases of low-grade dysplasia in women, and the youngest case was a 39-year-old man. Therefore, we routinely
examine almost all men and women over 30 with magnified NBI endoscopy. In the present study, 2 patients had
esophageal cancer[23-26], 8 had gastric cancer, and one had
colon cancer. A history of other cancers may also be
considered a risk factor.
All 93 lesions were intraepithelial flat lesions. Because
the magnified NBI endoscopy findings were similar and
showed no clear differences among high-grade dysplasia,
low-grade dysplasia and non-dysplastic lesions, the 93
lesions appeared to have similar characteristics. If the lesions had been followed for a longer period, transitions
from low-grade to high-grade dysplasia might have occurred. There is controversy over whether such lesions
should be followed, biopsied, or treated. Because the
histological diagnosis for 3 biopsied cases and 2 ESD
cases was high-grade dysplasia, at least 5 lesions (all of
which were in men) were considered to be precancerous.
Although there were no cancerous lesions in this series[18],
routinely using magnified NBI endoscopy seemed effective for diagnosing pharyngeal precancerous lesions early
and showed that IPCL type Ⅳ lesions should be biopsied
or resected by ESD. Because esophageal IPCL type Ⅳ
lesions are thought to represent high-grade dysplasia,
treatment is recommended[13]. However, treating smaller
esophageal or pharyngeal IPCL type Ⅳ lesions (approximately 1 mm in diameter) is still controversial. Whether
they should be treated or followed remains to be determined. Because the smaller pharyngeal IPCL type Ⅳ lesions in our study contained some precancerous lesions,
we recommend biopsy and treatment over follow up.
A survey of the diameters of the biopsied lesions indicated an increase in the dysplasia ratio as the diameter
increased, and all lesions over 1.3 mm were found to be
dysplastic. Our clinic sees typical outpatients with varied
gastrointestinal symptoms or abnormal gastric X-ray findings, and the diameter distribution we observed appears
to be close to the natural distribution of such lesions.
The diameter of the 3 high-grade lesions ranged from 1.0
to 1.3 mm; therefore, it would appear that lesions greater
than 1.0 mm in diameter should be resected by biopsy or
ESD. Furthermore, because low-grade lesions as small as
0.3 mm in diameter were observed, it would be better to

Table 3 Diameters of the biopsied lesions n (%)
Diameter (mm)

n

0.1-0.2
0.3-0.4
0.5-0.6
0.7-0.8
0.9-1.0
1.1-1.2
1.3-1.4
1.5-1.8
1.9-2.0

3
5
5
10
7
9
2
1
3

Non-D
3 (100)
3 (60)
4 (80)
6 (60)
2 (29)
1 (11)
0 (0)
0 (0)
0 (0)

LGD

HGD

0 (0)
2 (40)
1 (20)
4 (40)
4 (57)
7 (78)
1 (50)
1 (100)
3 (100)

0 (0)
0 (0)
0 (0)
0 (0)
1 (14)
1 (11)
1 (50)
0 (0)
0 (0)

Non-D: Non-dysplasia; LGD: Low-grade dysplasia; HGD: High-grade
dysplasia.

in a lamellar pattern were limited to the lower two-thirds
of the epithelial layer (Figure 2D). IPCL abnormalities
such as upward extension, dilatation, and diameter expansion were clearly recognized. In the high-grade dysplasia
lesions, abnormal variations in cell size and increased
nuclear size were observed in all of the lesions, whereas
the incidence of these findings in the low-grade dysplasia
lesions was low (Figures 1E, 2D). In the non-dysplastic
lesions, such as inflamed squamous epithelium, intercellular edema and intraepithelial inflammatory cells were
recognizable.
Of the 62 biopsied lesions, 45 were measurable (Table
3). The measured diameters were 0.1-2.0 mm (average,
1.12 mm); 30 lesions were 0.1-1.0 mm in diameter, and 15
lesions were 1.1-2.0 mm in diameter. The distribution of
the lesion diameters and the neoplasia ratios are shown
in Table 3. The dysplasia ratios (low-grade or high-grade)
were 0% less than 0.2 mm, 20%-40% from 0.3 to 0.8
mm, 71% from 0.9 to 1.0 mm, 89% from 1.1 to 1.2 mm,
and 100% from 1.3 to 2.0 mm. The ratio increased as the
diameter increased. The diameters of the 3 high-grade lesions were 1.0, 1.1, and 1.3 mm.
Twenty-seven of the 34 biopsy patients who received
endoscopic follow up (79%) had no lesions at the biopsy
site in their NBI examinations, and complete resection
from the biopsy was expected in these patients. The interval from the first diagnosis to the follow-up ranged
from 4-22 mo (mean, 12.5 mo). The diameters of the lesions in the 3 incomplete resection cases were 0.7 mm, 1.1
mm, and 1.1 mm. Sixteen of the 34 cases were of highor low-grade dysplasia, and 13 of these 16 cases (81%)
had no lesions at the biopsy site. Complete resection
from the biopsy was expected in these cases. The largest
lesion for which complete resection was expected was 1.9
mm in diameter and was classified as low-grade dysplasia.

DISCUSSION
Magnified NBI endoscopy is preferable for diagnosing
minute pharyngeal lesions[17-21]. The current practice at
our clinic is to observe the pharynx and esophagus by
NBI from the beginning of the examination. A distal
magnification attachment on the endoscope tip is effec-
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tic classifications.

resect all lesions less than 1.0 mm in diameter. The diameter distribution appears to show the natural progression
from low-grade to high-grade dysplasia.
A follow-up study of the biopsied cases revealed that
the resection rate by biopsy alone was 79%. The diameter
of the largest resected lesion was 1.9 mm. Although annual endoscopic follow-up must be continued, biopsy
may lead to complete resection in some cases and can be
performed as a first-line therapy. Single-use disposable
biopsy forceps were used to obtain a biopsy specimen
as large and as deep as possible for complete resection.
For the biopsy, the plane of the opened biopsy forceps
should be horizontal, which can be achieved by rotating
the handle. Precise, lesion-centered biopsies of 1 mm
lesions are difficult[13] and require high levels of concentration and cooperation between the examiner and
the assisting medical staff. Recently, we have biopsied
these lesions prior to inserting the endoscope into the
esophagus because if we try to biopsy during the final
withdrawal stage, the observations may be disturbed by
secreted mucus and minute bleeding. Biopsying the pharynx appeared to be safe providing all anticoagulant drugs
were discontinued from 3 d before to 3 d after biopsy.
We experienced no complications (such as bleeding) after
the biopsies.
Compared to the esophagus, the pharynx is sensitive
to being touched by an endoscope. Therefore, almost all
of the magnified NBI magnifying examinations were performed under sedation. The hypopharynx is particularly
sensitive. Without sedation, the pharyngeal reflex causes
responsive artificial bleeding, particularly when touched
by the distal attachment during examination, and NBI
observation becomes difficult due to the brownish color
change in the entire endoscopic field. In our experience,
magnified NBI endoscopy can be routinely performed
with the patient under sedation. However, because deep
sedation may cause respiratory depression, sedation
should be used cautiously with an intravenous drip, and
with oxygen and the counteracting effect of flumazenil
readily available. In high-risk patients, such as those with
respiratory or heart disease, for safety, we removed the
distal attachment on the scope tip or changed the scope
to a smaller diameter non-magnifying scope (GIF H260,
Olympus).
In conclusion, magnified NBI endoscopy appears to
be preferable for diagnosing pharyngeal neoplasia. Biopsy
was useful for the diagnosis and treatment of minute
pharyngeal neoplasia.

Research frontiers

Magnified NBI endoscopy made it possible to diagnose minute pharyngeal lesions with diameters of approximately 1 mm. It includes two steps. First, using
NBI endoscopy without magnification, the authors detected suspicious changes
as brownish areas. Second, using NBI magnifying of the brownish areas, the
authors were able to diagnose whether the changes were suspicious of dysplasia or cancer or not according to the IPCL classification. IPCL type Ⅳ or Ⅴ
shows the possibility of dysplasia or cancer, whereas IPCL type Ⅰ neglects the
possibility.

Innovations and breakthroughs

For larger pharyngeal IPCL type Ⅳ lesions over 10 mm diameter, endoscopic
submucosal dissection (ESD) is recommended. However, for smaller lesions of
approximately 1 mm diameter, it remains to be determined whether they should
be resected by ESD or followed up. Studies on the biopsy of such lesions are
few. The authors concluded that biopsy can be the first-line procedure for such
lesions not only for diagnosis but also for treatment.

Applications

The NBI system and magnifying endoscope are necessary to begin magnified
NBI endoscopy. As the pharynx is sensitive, magnified NBI endoscopy of the
pharynx should be performed under sedation. For safety, sedation should be
carried out cautiously. As several biopsied minute pharyngeal lesions were high
grade dysplasia, minute pharyngeal lesions should be biopsied for diagnosis.
Furthermore, follow-up study of the biopsied lesions showed that even complete resection was expected by biopsy.

Terminology

NBI: NBI is a new image-enhanced optical technology that uses narrow band
NBI filters; IPCL: IPCL is the microvascular tumor vessel classification system
used for NBI magnifying endoscopy.

Peer review

Recently it has been reported that NBI can be useful in the early detection of
superficial pharyngeal cancer. To determine the criteria of endoscopic treatment
in patients with pharyngeal cancer and dysplasia, the resected specimen and
follow up data are required. It is a good idea to investigate the usefulness of
NBI magnifying endoscopy in the pharynx because biopsy in the pharynx is difficult.
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munity. Red flags and psychosocial alarm symptoms
were also assessed in the current study using previously translated and validated questionnaires. Subjects
with IBS were sub-typed into constipation-predominant,
diarrhea-predominant, mixed type and un-subtyped.
Univariable and multivariable analyses were used to
test for association between socioeconomic factors and
presence of red flags and psychosocial alarm features
among the Malays with IBS.
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RESULTS: IBS was present in 10.9% (24/221), red
flags in 22.2% (49/221) and psychosocial alarm features in 9.0% (20/221). Red flags were more commonly reported in subjects with IBS (83.3%) than
psychosocial alarm features (20.8%, P < 0.001).
Subjects with IBS were older (mean age 41.4 years vs
36.9 years, P = 0.08), but no difference in gender was
noted (P = 0.4). Using univariable analysis, IBS was
significantly associated with a tertiary education, high
individual income above RM1000, married status, exsmoker and the presence of red flags (all P < 0.05).
In multiple logistic regression analysis, only the presence of red flags was significantly associated with IBS
(odds ratio: 0.02, 95%CI: 0.004-0.1, P < 0.001). The
commonest IBS sub-type was mixed type (58.3%), followed by constipation-predominant (20.8%), diarrheapredominant (16.7%) and un-subtyped (4.2%). Four of
13 Malay females (30.8%) with IBS also had menstrual
pain. Most subjects with IBS had at least one red flag
(70.8%), 12.5% had two red flags and 16.7% with no
red flags. The commonest red flag was a bowel habit
change in subjects > 50 years old and this was reported by 16.7% of subjects with IBS.

Abstract
AIM: To survey irritable bowel syndrome (IBS) using
Rome Ⅲ criteria among Malays from the north-eastern
region of Peninsular Malaysia.
METHODS: A previously validated Malay language
Rome Ⅲ IBS diagnostic questionnaire was used in
the current study. A prospective sample of 232 Malay
subjects (80% power) was initially screened. Using a
stratified random sampling strategy, a total of 221 Malay subjects (112 subjects in a “full time job” and 109
subjects in “no full time job”) were recruited. Subjects
were visitors (friends and relatives) within the hospital
compound and were representative of the local com-
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CONCLUSION: Using the Rome Ⅲ criteria, IBS was
common among ethnic Malays from the north-eastern
region of Peninsular Malaysia.
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with an estimated population of 570  000, and 90% of its
population consists of ethnic Malays[15]. The university
hospital of Universiti Sains Malaysia (USM), located in
the heart of Kota Bahru, is the largest tertiary hospital
serving the whole state of Kelantan. As the region is less
developed compared to the west coast of Peninsular Malaysia, private practice is scarce and all layers of the Malay community (from the poor to the rich) tend to seek
healthcare at the hospital.
Volunteers consisting of visitors (friends and relatives
of patients) within the hospital compound were identified
with the assistance of an independent research assistant
who was blinded to the study but was trained to assess
for inclusion of volunteers based on a set of predefined
criteria. A random sampling strategy (stratified according
to occupational status; volunteers with no full time job vs
volunteers with a full time job) was then employed by the
investigator. All subjects were recruited from different
families in order to avoid ambiguity. Subjects of different
ethnic backgrounds, past medical, surgical or psychiatric
backgrounds, pregnancy and physical disabilities which
did not allow them to complete the questionnaire or attend the interview were excluded from the study.
A total of 232 subjects were screened with a response
rate of 95.2%. The sample size was calculated for the
Malay population only and was based on a prevalence
rate of 15%[12], an alpha level of 0.05 and a power of
80%. There were 221 Malay subjects (109 with “no full
time job” and 112 with a “full time job”) included in the
study to answer the printed questionnaire booklet and/or
face-to-face interview with a trained interviewer after giving informed consent. There were two subjects with no
full time job whose responses were not complete or inadequate for analysis and were therefore excluded from the
final analysis.
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INTRODUCTION
In the West, irritable bowel syndrome (IBS) is a major
gastroenterological condition seen in daily clinical practice, with a prevalence of 10%-20%[1-5]. The prevalence
of IBS in the East is reportedly lower. Previous studies
from Thailand and Singapore reported a prevalence of
less than 5%[6,7]. Recent studies from Hong Kong, Beijing
and India also reported a similar low prevalence, although
the rate may differ depending on the criteria used[8-11].
One of the earlier studies from Malaysia reported
a prevalence of 15.8% among a group of young multiethnic medical students using Rome Ⅰ criteria in central Peninsular Malaysia[12]. A later study by Rajendra et
al[13] reported a rate of 15.5% using Rome Ⅱ criteria
in a mixed urban and rural multi-ethnic population in
the north-western region of Peninsular Malaysia. The
prevalence rates of IBS reported among the ethnic
Malays (12.4%-15.8%) from both studies were higher
than that reported by a recent study from Singapore
(6.8%-10.3%)[14].
The north-eastern region of Peninsular Malaysia is
more economically deprived and less developed compared with western and central parts of Peninsular
Malaysia, and most of its population consists of ethnic
Malays. We aimed to assess the prevalence of IBS among
the Malay population in this region recruited within a
hospital setting using a validated Malay language Rome
Ⅲ IBS Diagnostic Questionnaire. In addition, we also
aimed to assess and compare the rates of red flags (alarm
symptoms which may suggest the presence of organic
diseases), psychosocial alarm features and other socioeconomic markers in IBS vs non-IBS in this population.

Malay language Rome Ⅲ IBS diagnostic questionnaire
The Rome Ⅲ IBS diagnostic questionnaire was translated
into the Malay language and validated according to guidelines set by the Rome foundation. The Rome Ⅲ IBS diagnostic questionnaire contains 10 items with answers on
an ordinal scale and individual frequency thresholds for
each question. The 10 items include questions on symptom criteria (items 4 to 8), a question to exclude pain of
gynecological origin (item 2), questions on time between
transient and chronic gut symptoms (items 1 and 3), and
questions to sub-type IBS according to stool form (items
9 and 10). Briefly, the Rome Ⅲ symptom criteria for IBS
included the following: (1) recurrent abdominal pain or
discomfort at least 3 d a month in the last 3 mo with two
or more of the following: improvement with defecation;
onset associated with a change in frequency of defecation; onset associated with a change in form (appearance)
of stool; and (2) the above criterion fulfilled for the last
3 mo with symptom onset at least 6 mo before diagnosis.
The Malay language Rome Ⅲ IBS diagnostic questionnaire has been reported to have an intra-class correlation
coefficient (ICC) of 0.996 and a good discriminant valid-

MATERIALS AND METHODS
Subjects
This was a prospective cross-sectional survey involving
a native Malay population in the state of Kelantan situated in the north-eastern region of Peninsular Malaysia.
The city of Kota Bahru is the state capital of Kelantan
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Table 1 Univariable and multivariable analysis of irritable bowel syndrome and non-irritable bowel syndrome among ethnic Malays
in the north-eastern region of Peninsular Malaysia using Rome Ⅲ criteria n (%)
Parameters
Age (yr, mean ± SD)
Sex
Male
Female
Education level
Primary education
Secondary education
Tertiary education
Occupational status
Not working
Work full-time
Individual income
Low income (≤ RM1000)
High income (> RM1000)
Marital status
Single or divorced
Married
Number of children in family1
Smoking status
Non-smoker
Current smoker
Ex-smoker
Red flag symptoms
Symptoms absent
Symptoms present
Psychosocial alarm
None
Non-serious problems
Serious problems

IBS (n = 24)

No IBS (n = 197)

Crude OR (95%CI)

Adjusted OR (95%CI)

1

P value1

41.42 ± 13.5

36.87 ± 15.9

1.02 (-11.2, 2.13)

1.07 (0.99, 1.16)

0.08

11 (45.8)
13 (54.2)

93 (47.2)
104 (52.8)

0.95 (0.40, 2.21)
1.00

2.32 (0.39, 13.87)
1.00

0.36

1 (4.2)
7 (29.2)
16 (66.7)

40 (20.3)
107 (54.3)
50 (25.4)

0.08 (0.01, 0.61)2
0.20 (0.08, 0.53)2
1.00

0.15 (0.01, 2.70)
0.27 (0.05, 1.40)
1.00

0.20
0.12

9 (37.5)
15 (62.5)

100 (50.8)
97 (49.2)

0.58 (0.24, 1.39)
1.00

1.36 (0.20, 9.04)
1.00

0.75

6 (25.0)
18 (75.0)

130 (66.0)
67 (34.0)

0.17 (0.06, 0.45)2
1.00

0.77 (0.1, 6.14)
1.00

0.80

4 (16.7)
20 (83.3)
3.58 (2.3)

74 (37.6)
123 (62.4)
2.79 (2.9)

0.33 (0.11, 1.01)2
1.00
1.09 (0.95, 1.25)

0.64 (0.06, 6.42)
1.00
0.87 (0.58, 1.32)

0.71

15 (62.5)
2 (8.3)
7 (29.2)

150 (76.1)
31 (15.7)
16 (8.1)

1.00
0.64 (0.14, 2.97)
4.37 (1.56, 12.31)2

1.00
1.09 (0.18, 10.19)
1.92 (0.19, 19.52)

4 (16.7)
20 (83.3)

168 (85.3)
29 (14.7)

0.03 (0.01, 0.11)2
1.00

0.02 (0.004, 0.10)
1.00

< 0.001

19 (79.2)
4 (16.7)
1 (4.2)

182 (92.4)
14 (7.1)
1 (0.5)

0.10 (0.01, 1.74)
0.29 (0.01, 5.67)
1.00

0.19 (0.005, 7.64)
0.20 (0.004, 10.37)
1.00

0.38
0.42

0.51

0.94
0.58

1

Adjusted for all parameters listed in Table 1, P < 0.05 significant; 2Significant on univariate analysis with P < 0.05. OR: Odds ratio; RM: Ringgit Malaysia;
IBS: Irritable bowel syndrome.

ity (P < 0.001)[16].
We have included red flags and psychosocial alarm
questionnaires in the current study since red flags and
psychological symptoms have been commonly reported
from previous studies but their association with IBS is
unknown[12,17]. Briefly, the red flag questionnaire included
a history in the past 3 mo of fever, weight loss, cancer
in family members, blood mixed with stool, anemia and
change in bowel habit after age 50. The psychosocial
alarm questionnaire had seven items designed to identify
those patients with psychological “problems” which can
be “serious” or “non-serious”. The ICCs for the Malay
language Red Flags and Psychosocial Alarm Questionnaires has been reported to be 0.962 and 0.994, respectively[16].
Only one trained interviewer was involved to maintain consistency, and the interviewer was experienced
with the Rome Ⅲ questionnaires and Rome Ⅲ diagnostic
criteria for IBS. In addition, we incorporated additional
questions in the survey including age, gender, educational
level, individual income, marital status, number of children in the family, smoking status and presence of menstrual pain in females. Subjects with IBS were sub-typed
based on Rome Ⅲ supportive symptoms into the following categories: IBS-C, constipation-predominant; IBS-D,
diarrhea-predominant; IBS-M, mixed type and IBS-U, unsubtyped.

WJG|www.wjgnet.com

The study was approved by the Human Ethics Committee of USM.
Statistical analysis
All data are presented as frequency and percentage unless otherwise stated. Univariable logistic regression was
used to test the association of independent variables
(including age, sex, education level, occupational status,
individual’s income level, marital status, number of children in the family, smoking status, red flags and psychosocial alarm features) with presence or absence of IBS,
and reported as crude odds ratios (ORs) and 95%CIs.
The same variables listed above were adjusted using
multivariable logistic regression analysis and reported as
adjusted ORs, 95%CI and P value. All analyses were carried out using SPSS version 18.0 (SPSS Inc, Chicago, IL,
United States).

RESULTS
Among the 221 surveyed Malay subjects, 10.9% (24/221)
had features of IBS according to the Rome Ⅲ criteria.
The mean age of recruited subjects was 37.7 years (15.7
years) and although subjects with IBS were slightly older
(mean age 41.4 years) this was not statistically significant
(P = 0.08). There was no difference in the prevalence
rate of IBS between genders among Malay subjects (P =
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Table 2 Comparison of prevalence of irritable bowel syndrome across populations in Malaysia and Singapore
Region

Sample size (n )

Diagnostic criteria

Population type

Reported prevalence of IBS

Klang Valley,
Central
Peninsular
Malaysia
Northwestern
Peninsular
Malaysia
North-eastern
Peninsular
Malaysia
Singapore

533

Rome Ⅰ

Multi-ethnic; young; medical students
Malays 278 (52.2%), Chinese 179 (33.6%),
Indian 48 (8.6%)

949

Rome Ⅱ

Multi-ethnic; mean age 33.6 yr;
mixed urban and rural; Malays 314 (33.1%)

221

Rome Ⅲ

Malays only; mean age 37.7 yr; mixed
urban and rural

Overall 84 (15.8%);
Malays 15.8%,
Chinese 16.2%,
Indian 15.2%
Overall 148 (15.5%);
Malays 12.4%,
Chinese 17.5%,
Indians 16.8%
Malays 24/221 (10.9%)

2276

Manning, Rome Ⅰ, Ⅱ

Multi-ethnic; mean age 40 yr; urban;
Malays 263 (11.6%)

Studies
Tan et al[12]

Rajendra et al[13]

Current study

Gwee et al[14]

Overall:
Manning 11%,
Rome Ⅰ 10.4%,
Rome Ⅱ 8.6%;
Malays: Manning 9.9%,
Rome Ⅰ 10.3%, Rome Ⅱ 6.8%

IBS: Irritable bowel syndrome.

0.4) (Table 1). Red flag symptoms were present in 83.3%
(20/24) of subjects with IBS and 22.2% (49/221) of the
total subjects recruited (P < 0.001) (Table 1). Psychosocial alarm features were present in 20.8 (5/24) of subjects
with IBS and 9.0% (20/221) of the total subjects recruited (P = 0.4) (Table 1).
With univariable analysis, tertiary education, high individual income (> RM1000), married status, ex-smoker
and presence of red flag symptoms were significantly associated with IBS among Malays (Table 1). With multiple
logistic regression analysis, only the presence of red flags
remained significantly associated with IBS (OR: 0.02,
95%CI: 0.004-0.1, P < 0.001).
The commonest IBS sub-type was of mixed type,
IBS-M (58.3%), followed by IBS-C (20.8%), IBS-D
(16.7%), and IBS-U (4.2%). Four of 13 (30.8%) female
subjects with IBS also complained of menstrual pain.
Most subjects with IBS had at least one red flag (70.8%),
12.5% had 2 red flags and 16.7% had no red flags. A
bowel habit change for those above 50 years old was reported in 16.7% of subjects with IBS.

that IBS is more common in a younger and more educated population[9,18]. In the study by Rajendra et al[13], the
population from the north-western region of Peninsular
Malaysia was a mix of urban and rural communities, was
older (mean age 33.6 ± 13 years) and was recruited based
on race-stratified disproportionate random sampling to
ensure sufficient representation of all ethnic minorities.
The economy in this region of Malaysia is less developed
than the Klang Valley but is more developed than the
north-eastern region of Peninsular Malaysia. The older
population and the mixture of a rural community might
explain the lower prevalence of IBS reported in the study
by Rajendra et al[13] as compared with the study by Tan et
al[12]. Our current study recruited only ethnic Malays (mean
age 37.7 ± 15.7 years) who were visitors (friends and relatives) within a hospital setting. To ensure a homogenous
representation of the general population, a random stratified sampling strategy based on occupation was used. An
older population, a lower socioeconomic background
compared with the other regions of the Peninsula and
less education may have explained the prevalence seen
in our current study. The similarity in prevalence rates
between the Malays in our study and the study from Singapore somewhat validates our findings.
The diagnostic Rome criteria used was different
across different studies from Malaysia and this can partially influence the reported prevalence rates[19]. The current study did not compare different Rome diagnostic
criteria which is a limitation. The total sampling size was
also different between studies but if the sample calculation on just the ethnic Malays was taken into account
then it was not much different (221 subjects in the current study, 278 subjects in Tan et al[12], 314 subjects in Rajendra et al[13] and 263 subjects in Gwee et al[14]).
There was no gender difference among the Malays
with or without IBS in the current study. This was in
contrast with the studies of Rajendra et al[13] and Tan et
al[12] which reported a female preponderance in subjects
with IBS. While the cause is unknown, it is possible that

DISCUSSION
In the current study, the reported IBS rate of 10.9% among
ethnic Malays was very similar to the study from Singapore
(prevalence of 10.3% using Rome Ⅰ criteria)[14] (Table 2).
The reported IBS rate among ethnic Malays in the current
study was relatively low compared with that in the study by
Rajendra et al[13] (rate of 12.4% using Rome Ⅱ criteria) and
Tan et al[12] (rate of 15.8% using Rome Ⅰ criteria) (Table 2).
These differences in prevalence rates between studies may be explained by differences in population demographic and socioeconomic backgrounds between
different regions of Peninsular Malaysia. In the study by
Tan et al[12], the studied population consisted of highly
educated and healthy young Malaysians (mean age 22 ±
1.8 years) in the Klang Valley, a well-developed economic
region in the central belt of the Peninsula. It is known
WJG|www.wjgnet.com
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in their studies, the women are more educated and have
greater health-seeking behavior in the more developed
west coast of Peninsular Malaysia. Alternatively, it could
be an ethnic-specific phenomenon with more Chinese or
Indian women reporting more IBS symptoms than the
Malay women. Another possibility is that more women in
their study may have misconstrued menstrual cramp as an
IBS symptom. We have noticed that a third of the Malay
women with IBS in the current study also complained of
menstruation-related pain. It is also possible that males in
our study seek more medical attention than the females,
similar to what has been reported by hospital-based studies from India and Sri Lanka[11,20,21].
The current study also included assessment for red
flags and psychosocial alarm symptoms since they were
commonly reported from previous studies but their association with IBS is unknown [12,17]. Of all surveyed
subjects, 9% (20/221) with red flag signs might have
gastrointestinal symptoms from various diseases. While
the question on the change in bowel habit is present in
both the red flag questionnaire and the Rome Ⅲ IBS
diagnostic questionnaire, the question on age is not
included in the IBS diagnostic questionnaire. We have
noticed a significant percentage of subjects over 50 years
old with symptoms of IBS who also reported a change in
their bowel habit. This is important since elderly subjects
above 50 years old have a higher risk for other organic
diseases especially colorectal cancer.
Psychosocial alarm features were not commonly reported in the Malay population, either in the IBS or nonIBS sub-group, and if they were present, they were often
dismissed as not being serious. This is in contrast with the
Western populations where psychological disturbances
were fairly common in those subjects with IBS especially
in females[22]. One of the reasons for this discrepancy is
the questionnaire itself, which may not have identified
the idioms of psychological distress in this population[23].
Secondly, the socio-cultural stigmata attached to psychological and mental disturbance in this largely traditional
Malay population may have resulted in the under-reporting of symptoms. Finally, high levels of family support,
religious beliefs and other unknown cultural factors may
have protected them against psychological distress[24].
The commonest sub-type of IBS reported in the
current study was of mixed type followed by the constipation type which was similar to the study from Singapore[14]. This distribution was however different from the
study by Rajendra et al[13] where constipation-predominant
was the commonest subtype followed by the mixed type
and diarrheal type. Many subjects with mixed type IBS
often have features of constipation rather than diarrhea,
and therefore the distinction of mixed or constipation
type needs further clarification on their symptoms. This
is important since treatment targeted against serotonin
receptors can have contrasting effects on constipation or
diarrhea.
There were limitations worth noting in the current
study. It could be argued that recruiting subjects within
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the hospital compound might have led to sampling bias
but this was unlikely. The recruited subjects involved all
layers of the Malay community (from the poor to the
rich) within a region of stable population dynamics and
similar socio-cultural backgrounds. Furthermore, only
native Malays were included in the current study and a
proper stratified random sampling strategy was carried
out. The sample size in the current study might have
been relatively small but the study only involved ethnic
Malays, and it was calculated with a good power. The current study did not report on results of investigations performed to rule out organic diseases in those subjects with
red flags as this was not our research objective. However
previous studies have shown that investigating these
subjects very often has a low yield[25,26]. The current study
did not compare the prevalence using different types of
diagnostic criteria (Rome Ⅰ, Ⅱ and Manning criteria) for
IBS. However this is the first study on IBS among ethnic
Malays using a locally translated and validated Rome Ⅲ
IBS diagnostic questionnaire.
In conclusion, using the Rome Ⅲ criteria, IBS was
found to be prevalent among ethnic Malays from the
north-eastern region of Peninsular Malaysia.
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COMMENTS
Background

There is variability in prevalence rates of irritable bowel syndrome (IBS) among
the ethnic Malays (6.8%-15.8%) across South-East Asia. Previous reported
studies from Malaysia and Singapore involved heterogeneous populations and
different diagnostic criteria.

Research frontiers

Using a validated Malay language Rome Ⅲ diagnostic questionnaire, this study
surveyed for IBS among ethnic Malays from the North-Eastern region of Peninsular Malaysia.

Innovations and breakthroughs

Using Rome Ⅲ criteria, IBS was found to be common among ethnic Malays
from a poorly developed region of Peninsular Malaysia. They were generally
older (mean age 41.4 years) with no difference between genders. Red flags
were common in this population and this was similar to other reported studies.

Applications

Exact reasons for higher prevalence rates of IBS among Malays are unknown
and await further studies. Within the primary care setting, the validated questionnaire may be useful to identify this group of Malay subjects who often present with vague symptoms.

Terminology

The new Rome Ⅲ criteria for IBS are symptom-based (abdominal pain or
discomfort and onset associated with a change in frequency and appearance
of stools) and time-based (symptoms for the last 3 mo with onset at least 6 mo
previously). Red flags and psychosocial alarm questionnaires are independent
from Rome Ⅲ diagnostic questionnaires and are helpful to identify subjects “at
risk” for organic and psychological disorders.

Peer review

Surveying IBS amongst ethnic Malays offers a somewhat different perspective
showing firstly, a higher frequency compared to other South-East Asian studies,
confirming other Malaysian reports and secondly, gender equivalence like stud-
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Novel biosensor-based microarray assay for detecting
rs8099917 and rs12979860 genotypes
Pei-Yuan Li, Xiao-Jun Zhou, Lan Yao, Xin-Hua Fang, Jiang-Nan Ren, Jia-Wu Song
40 samples were amplified in a 50 μL PCR system. Ten
μL of each amplicon was tested by BBM assay, and another 40 μL was used for sequencing. The agreement
of the results obtained by the two methods was tested
statistically using the kappa coefficient. The sensitivity
of the BBM assay was evaluated using serial dilutions
3
4
of ten clinical blood samples containing 10 -10 white
cells/μL.
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RESULTS: As shown by polyacrylamide gel electrophoresis, two target segments of the interleukin 28Bassociated polymorphisms (SNPs) were successfully
amplified in the one-tube PCR system. The lengths of
the two amplified fragments were consistent with the
known length of the target sequences, 137 and 159
bps. After hybridization of the PCR amplicons with the
probes located on the BBM array, the signals of each allele of both the rs8099917 SNPs and rs12979860 SNPs
were observed simultaneously and were clearly visible
by the unaided eye. The signals were distinct from
each other, could be interpreted visually, and accurately
recorded using an ordinary digital camera. To evaluate
the specificity of the assay, both the plasmids and clinical samples were applied to the microarray. First, 30
PCR amplicons of the various SNP alleles were hybridized on the BBM microarray. Full agreement between
plasmids and the BBM assay was observed, with 30/30
correct matches (100%). The kappa value for the BBM
assay with plasmids was 1.00 (P < 0.05). For the 40
clinical blood samples, the BBM assay hybridization
and direct sequencing results were compared for each
amplicon. For patient blood samples, agreement was
28/28 for rs8099917T/T, 9/11 for rs8099917T/G, 1/1
for rs8099917G/G, 24/24 for rs12979860C/C, 11/14 for
rs12979860C/T, and 2/2 for rs12979860T/T. Only five
clinical samples of amplicon assay and direct sequencing results were discordant and heterozygotes: 2/11
rs8099917T/G and 3/14 rs12979860C/T. The agreement
of outcomes between BBM assay and direct sequencing for the detection of rs8099917 and rs12979860 was

Abstract
AIM: To evaluate a novel biosensor-based microarray
(BBM) assay for detecting rs12979860 and rs8099917
genotypes.
METHODS: Four probes specific for rs8099917C/T
or rs12979860G/T detection and three sets of quality
control probes were designed, constructed and arrayed on an optical biosensor to develop a microarray
assay. Two sets of primers were used in a one tube
polymerase chain reaction (PCR) system to amplify
two target fragments simultaneously. The biosensor
microarray contained probes that had been sequenced
to confirm that they included the rs8099917C/T or
rs12979860G/T alleles of interest and could serve as
the specific assay standards. In addition to rehybridization of four probes of known sequence, a total of 40
clinical samples collected from hepatitis C seropositive
patients were also tested. The target fragments of all
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(SVR) of approximately 70%, this regimen still requires
co-administration of IFN + Rb and has a high cost in
most countries[7]. At present, only 50% of patients infected with HCV genotype 1 achieved an SVR, defined
as absence of HCV RNA six months after the cessation
of therapy[8,9]. Even in non-genotype 1 patients, who are
reported to have better responses to the combination
treatment, the SVR rate was about 75%[10,11]. A number
of viral and host factors may reduce adherence to the
treatment. In addition to a limited treatment response to
current combined therapy by some patients, treatment is
often poorly tolerated due to various adverse reactions,
including flu-like symptoms, severe fatigue, and neutropenia[12]. Moreover, the inconvenience of a prolonged
course of weekly injections of pegylated interferon and
the high costs of the antiviral drugs make some patients
give up the combined therapy. Additional research to
advance HCV treatment regimens is needed to increase
the patient adherence and response to therapy, thereby
increasing SVR rates.
It is also puzzling why approximately 30% of patients with acute HCV infection experience spontaneous viral clearance, whereas the rest become chronically
infected[2,3]. Meanwhile, the global epidemiology of HCV
infection shows that the different HCV genotypes clearly
show geographic variation in their relative frequencies.
Genotype 1, consisting of subtypes 1a and 1b, is the
most prevalent genotype worldwide, with a higher prevalence of 1b in Europe and 1a in the United States[11-13].
The estimated prevalence of people with detectable
anti-HCV antibodies is highest in Africa, with an overall
seroprevalence of 5.3%, and most common in genotype
4. In contrast, the infection rate of HCV is lower, and
genotype 2 or 3 are more frequent in Asia[11-13]. Furthermore, previous studies have revealed that the effectiveness of the combination treatment with peg-interferon
and ribavirin differs among various ethnic populations[14].
In the US, chronic HCV patients of European ancestry
have a higher probability of being cured than patients of
African ancestry[15]. It is well documented that patients
originating from East Asia are more likely to achieve SVR
than patients from Europe[16]. These observations suggest
that host genetic variations play a critical role in patients
infected with HCV.
Four recent genome-wide association studies (GWAS)
independently identified several single nucleotide polymorphisms (SNPs) in the interleukin 28B (IL28B) locus.
Variability at that locus is known to be associated with the
successful treatment of HCV infection[15,17-19]. Ge et al[15]
identified an rs12979860 SNP residing approximately
3 kilo-bases upstream of the IL28B gene as the variant
most strikingly associated with SVR, and demonstrated
that patients with the CC genotype had a higher SVR rate
than those with the TT genotype. Suppiah et al[17], Tana
ka et al[18], and Rauch et al[19] found a strong association
between another SNP, rs8099917 located 8 kilo-bases upstream of the IL28B gene, and SVR, which is in linkage
disequilibrium with rs12979860. Tanaka et al[18] also found

95% and 92.5%, respectively; and the corresponding
kappa values were 0.88 and 0.85 (A kappa value > 0.75
was defined as substantial agreement). The BBM assay
and sequencing had similar specificities for detection
and identification of the two SNPs and their alleles. The
sensitivity evaluation showed that the BBM assay could
detect and identify SNP sequences present in blood
2
samples containing as few as 10 white blood cells/μL.
CONCLUSION: This biosensor microarray assay was
highly specific, sensitive, rapid and easy to perform.
It is compatible with clinical practice for detection of
rs8099917 and rs12979860.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a worldwide health
problem. It is estimated that about 3% of the world
population are infected with HCV, including more than
170 million with chronic infection, who are at risk of
developing liver cirrhosis and/or liver cancer. Approximately 3 to 4 million become infected with HCV, and
more than 350  000 people die from HCV-related liver
diseases each year[1]. Only about 30% patients with acute
hepatitis C experience spontaneous clearance[2,3], while
the remaining 70% develop persistent chronic infection
and gradually progress to liver cirrhosis and/or hepatocellular carcinoma[4,5]. Chronic HCV infection that progresses to end-stage liver disease often requires a liver
transplant, with high cost and extensive use of medical
resources. Hepatocellular carcinoma is the seventh most
common cancer worldwide and the third leading cause
of cancer-related deaths. HCV thus has a very high morbidity and mortality, which result in a substantial burden
on society[5].
Since the discovery of HCV in 1989, some improvement in treatment have been gained with the application
of routine weekly injections of pegylated interferon
(IFN) plus daily administration of oral ribavirin (Rb)[6].
Although triple therapy with IFN + Rb and boceprevir
or telaprevir has produced a sustained virologic response

WJG|www.wjgnet.com

6482

November 28, 2012|Volume 18|Issue 44|

Li PY et al . Microarray assay for rs8099917 and rs12979860

that the rs8099917 GG allele was the most significant
host factor for predicting nonvirological response after
adjusting for confounding factors. Their results suggest
that Japanese patients with a minor GG allele may require
new antiviral therapies to achieve SVRs.
These exciting discoveries show promise that detecting the IL28B genotype will help predict treatment
response, thus guiding clinical decisions in the choice of
treatment regimens for chronic HCV infection[7]. Such
discoveries may ultimately usher in the era of personalized treatment for HCV infection[18,20].
An easily performed and specific method for the detection of IL28B genotypes is urgently needed to improve
the currently available methods. Currently there are several
assays for the detection of IL28B genotypes. However,
due to technological limitations, these assays focus on either rs8099917 or rs12979860. Until now, there has been
no assay for the simultaneous detection of rs8099917 or
rs12979860. Furthermore, none of the available assays
can be routinely applied in clinical practice. For example,
direct sequencing, widely used in current research, is not
suitable for clinical practice because of its complex technology, high cost, and time consumption.
The primary aim of this study was to develop a novel
biosensor-based clinical microarray (BBM) assay stemming
from of our previous research to detect the IL28B genotypes containing rs12979860 and rs8099917 SNPs, and to
evaluate the specificity and sensitivity of the test[21,22].

quences are summarized in Table 1.
DNA extraction and polymerase chain reaction
amplification
Human genomic DNA was extracted from 200 μL of patient blood samples using 200 μL commercially available
DNA extraction buffer (Qiagen, Dusseldorf, Germany)
according to the manufacturer’s instructions. To determine the SNP genotypes, two sets of special primers
were designed to amplify the rs8099917 and rs12979860
SNP fragments within the IL28B gene region (Table
1). The extracted DNA was amplified by polymerase
chain reaction (PCR). The reaction mixture (25 μ L)
contained 5 μ L DNA, 2.5 μ L of 10 μ mol/L buffer
(Juntan, Shanghai, China), 0.5 μL deoxynucleoside triphosphates (Roche, Basel, Switzerland), 1.5 μL primers
(Invitrogen, California, United States), 1.25 U hot Taq
polymerase (Juntan, Shanghai, China), and 14.25 μL
high-performance liquid chromatography-grade water.
Simultaneous amplification of two SNPs was carried out
under the following conditions: an initial denaturation at
95  ℃ for 10 min, 40 cycles at a denaturation temperature
of 94  ℃ for 30 s, annealing at 56  ℃ for 30 s, and extension at 72  ℃ for 30 s, with a final prolonged extension at
72  ℃ for 5 min. All PCR products were visualized on a
2% agarose gel or by polyacrylamide gel electrophoresis
(PAGE) electrophoresis.

Plasmids and clinical samples
Plasmids (Invitrogen, Shanghai, China) confirmed by direct
sequencing to contain both rs8099917 and rs12979860
SNPs, were used to construct the probes that were arrayed on the BBM; and plasmids diluted to 104 copies/
mL were used to determine the assay specificity. The two
alleles of each SNP were tested separately. Blood samples
obtained from HCV seropositive patients at the 5th Affiliated Hospital of Sun Yat-Sen University (Zhuhai, China)
were used to evaluate the clinical sensitivity and specificity of the BBM assay. The study protocol was approved
by the Ethics Committee of our hospital and all patients
enrolled in this study provided written informed consent.

Detection of SNP genotype
All SNP amplicons were subjected to reverse hybridization and direct sequencing. A 10 μL volume of PCR amplified product was heated at 99  ℃ for 5 min and denatured, with subsequent cooling for 5 min on ice. Then the
amplified product was placed on the surface of the BBM
and incubated at 50  ℃ for 60 min with a prepared hybridization reaction mixture. The BBM was eluted three
times at 45  ℃, incubated with anti-biotin horseradish
peroxidase reagent at room temperature (10-35  ℃) for 10
min, rinsed three times with a buffer wash, and incubated
with tetramethylbenzidine for 2 min in the dark. Finally,
the residues on the BBM were washed in 0.1 × standard
saline citrate and distilled water at room temperature so
as to obtain a clear signal. The remaining amplified PCR
product was sent for direct sequencing.

BBM preparation
Several probes (Invitrogen, California, United States),
highly specific for rs8099917 or rs12979860 polymorphisms, plus positive and negative quality control probes,
were designed and synthesized. All the probe sequences
included in this study were from a public database (http://
www.ncbi.nlm.nih.gov/) and were based on the known
human genome in the region of the IL28B gene. After
optimization, the probes specific for the SNPs as well as
positive and negative control probes were arrayed on the
BBM as shown in Figure 1. The positive control probes
were used to monitor the assay process. The negative
probes served to monitor contamination. The probe se-

Assay specificity
Four synthetic plasmids, each including an SNP allele
(rs12979860CC, rs12979860TT, rs8099917GG, and
rs8099917TT) and 40 HCV-seropositive blood samples
were used to validate the specificity of the assay to detect
the two SNPs. Each successfully amplified product obtained from these plasmids was evaluated by the BBM assay, and the results thus obtained were compared with the
their known genotypes. For the clinical evaluation, amplicons obtained from patient blood samples were tested
under the same conditions as the amplified plasmid products. The percent agreement of the BBM assay results
with the results of direct sequencing was determined for

MATERIALS AND METHODS
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Figure 1 Designed interleukin 28B biosensor-based microarray and results of constructed plasmids detected by biosensor microarray assay. a:
rs12979860C; b: rs12979860T; c: rs8099917 T; d: rs8099918 G; e: System control probes; f: Positive probes; g: Negative probes.

Table 1 Sequence of primers and probes
Names

Sequences

IL28B primers forward (9860)
IL28B primers reverse (9860)
IL28B primers forward (9917)
IL28B primers reverse (9917)
rs12979860 probe (C allele)
rs12979860 probe (T allele)
rs8099917 probe (T allele)
rs8099917 probe (G allele)

GTGCCTGTCGTGTACTGAAC
CGCTGAGCACTGCCTGGGC
ATTTGTCACTGTTCCTCCT
GCCCTAACTGATACGCTATAA
AAAAAAAAAAAGCTCCCCGAAGGCGCGAACCAGGGTTGAAT
AAAAAAAAAAAGCTCCCCGAAGGCGTGAACCAGGGTTGAAT
AAAAAAAAAACTTTCTGTGAGCAATTTCACCCAAATTGGAA
AAAAAAAAAACTTTCTGTGAGCAATGTCACCCAAATTGGAA

IL28B: Interleukin 28B.
1

2

3

4

5

6

7

cells/μL. The DNA was extracted from 1 μL of each
sample and was amplified. All samples with successful
PCR amplification were evaluated for SNP genotype by
the BBM assay.

8
170 bp

150 bp

Statistical analysis
The kappa coefficient was used to measure the agreement between direct sequencing and the BBM assay for
the detection of SNP genotype. A kappa value > 0.75
was defined as substantial agreement, and a kappa > 0.95
as perfect agreement. A P < 0.05 was considered statistically significant.

125 bp

100 bp

RESULTS

Figure 2 Polymerase chain reaction products visualized on polyacrylamide gel electrophoresis. Lanes 1 and 8: Marker; Lanes 2, 5, 6: A single
fragment amplified rs12979860 or rs8099917 primers; Lanes 3 and 4: Two fragments amplified by one tube polymerase chain reaction system of rs12979860
and rs8099917; Lane 7: Negative control.

Amplification of rs8099917 and rs12979860 fragments
Both fragments were amplified simultaneously in the
one-tube system, and the amplicons were analyzed on
PAGE electrophoresis (Figure 2). The length of the two
amplified fragments was about 137 and 159 bp, being
consistent with the length of the target fragments. The
results indicated that these two target fragments could be
amplified in a single tube PCR system.

both the synthetic probes and the clinical samples.
Assay sensitivity and detection limit
To estimate the sensitivity and detection limit of the SNP
genotype assay in clinical practice, ten blood samples
were used. The sensitivity calculation was based the white
blood cell (WBC) count in the original sample and the
amount of DNA extracted from the WBC remaining in
serial dilutions of each sample. The WBC counts were
determined in each sample and then diluted to 101-103
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As shown in Figures 1 and 3, the signals on the chip appeared sufficiently distinct seen with the unaided eye and
photographed with a normal digital camera. It was thus
confirmed that no special equipment was needed to read
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Figure 3 Patterns detected by biosensor microarray assay for rs8099917 and 12979860 genotypes.

Table 2 Concordance of biosensor-based microarray assay
with given plasmids for rs12979860 and rs8099917
BBM assay

Plasmids with given genotype
CC

rs12979860
CC
CT
TT
Total
rs8099917
TT
GT
GG
Total

CT

Table 3 Concordance of biosensor-based microarray assay
with polymerase chain reaction sequencing of the blood
samples for rs12979860 and rs8099917

Total
BBM assay

TT

10
0
0
10

0
10
10
10

0
0
10
10

10
10
10
30

10
0
0
10

0
10
0
10

0
0
10
10

10
10
10
30

rs129798601
CC
CT
TT
Total
rs80999172
TT
GT
GG
Total

Direct sequencing

Total

CC

CT

TT

24
3
0
27

0
11
0
11

0
0
2
2

24
14
2
40

28
2
0
30

0
9
0
9

0
0
1
1

28
11
2
40

Kappa = 1.00. BBM: Biosensor-based microarray.
1

Kappa = 0.88; 2Kappa = 0.85. BBM: Biosensor-based microarray.

the BBM assay results. Moreover, each allele of both
rs8099917 rs12979860 was successfully detected at the
same time. The BBM assay was able to simultaneously
genotype the two SNPs.

showed the same results for all the known genotypes of
rs12979860 or rs8099917 (Tables 2 and 3), and its agreement rate with the plasmids was up to 100% in our tests.
The results showed that the BBM was an accurate assay
for genotype determination of these two SNPs.
To validate the BBM assay for clinical application,
the amplicons derived from the 40 blood samples taken
from HCV-infected patients were examined by both direct sequencing and BBM. As shown in Tables 2 and 3,
the percent of agreement of the BBM assay results and
direct sequencing of rs8099917 and rs12979860 were
95% and 92.5%, respectively. The corresponding kappa
values were 0.88 and 0.85, respectively, with a P value <
0.05. The BBM assay accurately detected the two SNPs in
clinical samples. Discordance of the BBM assay and direct sequencing of PCR amplicons most often occurred
with heterozygous clinical samples.

Assay specificity
As shown in Figure 3, the positive signals were displayed
clearly, and there were no signals from the sites containing the negative probes. There were no ambiguous signals
on the chip background, which could have interfered
with precise interpretation of the results. This suggested
that the assay was specific for the detection of rs8099917
and rs12979860 polymorphisms.
To confirm the BBM assay specificity for detection
of each allele, we tested all the possible genotypes using
the available synthetic plasmids. As shown in Figure 3,
the BBM assay clearly differentiated all the genotypes and
haplotypes of the two SNPs. The signals of the alleles
of each SNP were clearly differentiated from each other,
with no visible evidence of cross-reaction at any SNP
binding site. Data obtained using 30 plasmid amplicons
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tions were used to validate the sensitivity and detection
limit of BBM. Blood samples with WBC counts ranging
from 101 to 103 cells/μL were amplified with BBM primers, and visualized by PAGE electrophoresis. Amplicons
with detectable human genomic DNA were assayed by
reverse hybridization with the BBM. The hybridization
signal was visualized clearly in the BBM assay in a total
of 20 dilutions with WBC counts in the patient blood
samples ranging from 102 to 103 cells/μL.

ing an informed decision regarding the risk-benefit treatment and the likelihood of success for any individual
treatment, so developing a simple, rapid and clinically
available assay is an urgent demand. An assay that could
accurately and rapidly detect the IL28b SNPs is a priority
for clinical practitioners. Developing a novel and efficient
assay for the detection of IL28B polymorphisms has
been the focus of numerous researches.
Direct sequencing of PCR amplicons, restriction
fragment length polymorphism (RFLP) and traditional
microarrays are valuable research techniques. However,
the technical demands of these assays make them unsuitable for routine diagnostic use in clinical practice. For example, direct sequencing is technologically complicated,
time-consuming and needs special expertise[28,29]. The
RFLP is almost impossible to be used for the detection
of all significant SNPs since it requires a specific cutting site and restriction enzyme for the particular site[31].
Microarray assays widely used in the previous research,
apart from being provided by specialized and high-cost
facilities, can only detect either of the two SNPs separately[19,21-23]. No microarray assay was available currently
that can detect the two SNPs simultaneously. There is a
real need for a highly sensitive and specific rapid assay
for the detection of IL28B polymorphisms that is easy to
perform and compatible with clinical practice. The BBM
described in our report may be an ideal clinical assay.
As depicted in Figure 3, the positive signals on the
chip were sufficiently distinct to be completely discriminated from negative results. The results with plasmid amplicons showed that all the SNP alleles could be detected
successfully and that heterozygous and homozygous
alleles could be distinguished. Of 40 plasmid amplicons
employed to validate the specificity of the BBM assay,
a complete agreement between the results of the BBM
assay and known plasmid sequences was observed, confirming the high specificity of the BBM assay in determining the rs8099917 and rs12979860 genotypes.
The clinical blood samples successfully amplified
by the BBM assay primers were sent for both direct sequencing and reverse hybridization with BBM. The BBM
assay showed a high agreement with direct sequencing in
detecting the rs8099917 and rs12979860 polymorphisms.
The agreement rates were 95% and 92.5%, and the kappa
values were 0.88 and 0.85 for rs8099917 polymorphisms
and rs12979860, respectively. These data indicated that
the BBM assay showed a good agreement with direct
sequencing and that it would be a satisfactory novel assay when used for determination of the two SNPs. The
main difference between the BBM results and direct sequencing was the detection of allele heterozygotes. The
BBM assay was more sensitive in detecting heterozygous
alleles, which was consistent with other reverse hybridization procedures such as line probe assay[32,33]. In brief, we
demonstrated that the novel BBM assay could successfully detect all genotypes of the two SNPs simultaneously,
not only in the synthetic plasmids but also in the clinical
samples used in this study.

DISCUSSION
The combined therapy of pegylated interferon plus ribavirin is currently the standard of care for chronic HCV
infection around the world[6]. Its administration in clinical practice has resulted in substantial progress in the
treatment of chronic hepatitis C over the past decades.
However, several persistent shortcomings of the combined therapy prevent some patients from completing
the entire 48-wk course of treatment. Patient adherence
is frequently compromised by an inability to tolerate adverse reactions or the many weeks of routine subcutaneous injections, and the high cost of the drugs[8,9,12]. The
limited efficacy of pegylated interferon/ribavirin therapy
to produce SVR, which varies unpredictably from patient
to patient, makes it difficult for health care providers to
make an informed choice of treatment regimens[18-20].
There is an urgent need of personalized therapy for
chronic hepatitis C.
The fact that about 30% of patients achieve natural
clearance following acute hepatitis C virus infection and
ethnic differences in response to treatment suggests that
host genetic variation plays a critical role in the drug response[2,11,17,19,20]. Four recent studies have found that two
SNPs, rs8099917 and rs12979860, located near the IL28B
gene were highly associated with treatment response
and spontaneous clearance following acute hepatitis C
infection[15,17-19]. Subsequent studies found that the two
SNPs had an impact on the occurrence of various side
effects of the combined therapy, treatment response and
the HCV RNA genotype distribution of the infecting
virus[23,24]. Other studies have shown that IL28B polymorphisms were a significant, independent predictive
factor regardless of HCV genotype or HCV RNA load.
The determination of IL28B polymorphisms may assist in evaluating the likelihood of response to treatment
with peg-interferon and ribavirin therapy in patients
chronically infected with HCV, especially for genotype
1 patients[25-28]. The recent significant findings regarding
IL28b SNPs and the genotyping of HCV showed how
personalizing treatment for HCV infection may be possible[24-27]. The development of an accurate assay for the
detection of rs8099917 and rs12979860 polymorphisms,
and progress in HCV genotyping will help both clinicians
and patients choose the treatment regimen and its anticipated duration[22] and this may be an early step in the era
of personalized therapy for chronic hepatitis C[20,29,30].
Host genetic diversity is of great significance in mak-
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To evaluate the sensitivity and detection limit of the
BBM assay, serial dilutions of 10 clinical blood samples
were tested. The amount of human DNA from white
blood cells in 1 μ L peripheral blood containing 10 2
WBC/μL was sufficient for SNP detection by the BBM
assay. The DNA extracted from all samples was successfully amplified, and the blood samples with a starting
white blood cell count > 102 WBC/μL hybridized with
the probes arrayed on the BBM. As the white blood cell
count of human peripheral blood is generally greater
than 103 WBC/μL, the detection limit of the BBM assay
ensures that clinical blood samples would be tested accurately. This novel method thus met the sensitivity criteria
for clinical diagnosis, i.e., determination of IL28B polymorphisms of HCV-infected patients.
The results indicated that the BBM assay has the advantages of simple and convenient operation as well as
rapid detection. After a successful PCR amplification, it
took only one hour to detect the IL28B polymorphisms
and less than four hours before getting the final result.
More important, the signal on the chip was clear enough
to be interpreted even by the naked eye, which meant
that only an ordinary digital camera was needed to record
the results. The results also suggest that the BBM assay
might also be used in developing countries having limited
access to the latest laboratory facilities. The assay is also
suitable for clinical diagnostic and research laboratories
where large numbers of samples are tested on a daily basis. In short, the BBM assay is more likely to be accepted
for the clinical detection of IL28B polymorphisms than
the other existing methods[21,22].
The BBM assay has some disadvantages to overcome
in its future development. The patient population benefiting from the BBM assay is small, being limited to patients
with chronic HCV infection, meanwhile, the assay is only
capable of detecting the presence of known SNPs. With
the identification of more SNPs associated with drug
response, novel probes have to be designed and the BBM
assay has to be constantly upgraded.
In conclusion, we have demonstrated that the BBM
assay is simple, rapid, accurate, and suitable for clinical
application. The assay is highly sensitive and specific, and
can simultaneously perform the detection of rs8099917
and rs12979860 genotypes, thereby enabling further
progress in the diagnosis and treatment of chronic HCV
infection.

Four recent genome-wide association studies (GWAS) independently identified
several SNPs in the IL28B gene locus that are associated with an individual’
s ability to respond to therapy for HCV infection. Ge et al[15] characterized
rs12979860 as the variant most strongly associated with SVR, and demonstrated that patients with the CC genotype have a higher SVR rate than those
with the TT genotype. In contrast, studies demonstrated that rs8099917 has
the strongest association with SVR. However, GWAS are capable of only testing SNPs in isolation and could not determine if interaction between these
two SNPs, or more, can affect a patient’s response to HCV therapy. Thus, it is
urgent to develop an accurate and easy clinical assay to test the panel of IL28B
SNPs in a patient and assess the effect of multiple SNPs on SVR.

Innovations and breakthroughs

This is the first report of an assay that is capable of defining the rs8099917 and
rs12979860 SNPs using clinical samples. This innovative biosensor-based microarray (BBM) assay can identify the two SNPs in less than four hours. In addition, evidence is provided to show that the new assay can accurately identify
all of the SNPs and gene alleles with plasmids. There was a good concordance
between BBM-detected SNPs in clinical samples and direct sequencing results
of PCR amplicons and plasmids. Finally, the excellent sensitivity and reproducibility of the BBM assay supports the clinical applicability of this new detection
approach.

Applications

This study aimed to develop a clinically applicable assay to accurately and rapidly detect IL28B SNPs in patient samples. The results indicate that the BBM
assay is simple, rapid, accurate, and highly sensitive and specific in detecting
the rs8099917 and rs12979860 genotypes. Thus, this novel assay has promise
for clinical application and may facilitate accurate and timely prognosis of HCVinfected patients so that the appropriate therapies may be initiated earlier.

Terminology

BBM is a novel SNP detection assay based on biosensor technology, its most
obvious advantage is in situ amplification that facilitates easy interpretation of
results; rs8099917 and rs12979860 are SNPs in the IL28B gene locus; SNP is
a single nucleotide polymorphism.

Peer review

In this work, the authors describe a new BBM assay to rapidly detect two SNPs
in the IL28B gene. The interest of the paper is its description of this rapid and
inexpensive technique to detect IL28B SNPs in clinical samples. The results
suggest that the BBM assay is a simple, rapid, sensitive, and highly specific
method that may be applied clinically to detect rs8099917 and rs12979860
without any large-scale instrumentation.
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RESULTS: In the univariate analysis, tumor size (P =
0.011), depth of invasion (P = 0.007) and lymphatic
vessel involvement (P < 0.001) were significantly associated with a higher rate of LNM. In the multivariate
model, tumor size (OR = 7.125, 95%CI: 1.251-38.218,
P = 0.041), depth of invasion (OR = 16.624, 95%CI:
1.571-82.134, P = 0.036) and lymphatic vessel involvement (OR = 39.112, 95%CI: 1.745-123.671, P = 0.011)
were found to be independently risk clinicopathological factors for LNM. Of the 85 patients diagnosed with
poorly differentiated EGC, 12 (14.1%) had LNM. The
LNM rates were 5.7%, 42.9% and 57.1%, respectively
in cases with one, two and three of the risk factors respectively in poorly differentiated EGC. There was no
LNM in 29 patients without the three risk clinicopathological factors.
CONCLUSION: LWR alone may be sufficient treatment for intramucosal poorly differentiated EGC if the
tumor is less than or equal to 2.0 cm in size, and when
lymphatic vessel involvement is absent at postoperative
histological examination.

Abstract

© 2012 Baishideng. All rights reserved.

AIM: To investigate the predictive factors of lymph
node metastasis (LNM) in poorly differentiated early
gastric cancer (EGC), and enlarge the possibility of using laparoscopic wedge resection (LWR).

Key words: Poorly differentiated early gastric cancer;
Early gastric cancer; Lymph node metastasis; Clinicopathological characteristics; Laparoscopic wedge resection

METHODS: We retrospectively analyzed 85 patients
with poorly differentiated EGC who underwent surgical
resection between January 1992 and December 2010.
The association between the clinicopathological factors
and the presence of LNM was retrospectively analyzed
by univariate and multivariate logistic regression analyses. Odds ratios (OR) with 95%CI were calculated. We
further examined the relationship between the positive
number of the three significant predictive factors and
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Dissection and classification of lymph nodes
Lymph nodes of each case were meticulously dissected
from the enbloc specimens, and the classification of the
dissected lymph nodes was determined by a surgeon after
he/she who carefully reviewed the excised specimens
based on the JCGC[10]. Briefly, lymph nodes were classified into group 1 (perigastric lymph nodes) and groups 2
(lymph nodes along the left gastric artery, the common
hepatic artery, and the splenic artery and around the celiac axis)[10].

INTRODUCTION
Local resection for early gastric caner (EGC) was first
reported by Kitaoka et al[1] in 1984. Laparoscopic wedge
resection (LWR) is a procedure based on local resection.
This minimally invasive technique can be applied for the
management of EGC without the risk of lymph node
metastases (LNM)[2-7]. The application of LWR has been
limited to differentiated EGC because of the higher risk
of lymph node metastases in undifferentiated EGC, compared to differentiated EGC[8,9]. Therefore, gastrectomy
with lymphadenectomy has been considered to be an essential treatment for patients with undifferentiated EGC.
Undifferentiated carcinoma of gastric cancer includes
poorly differentiated adenocarcinoma, signet ring cell
carcinoma, and mucinous adenocarcinoma[10]. However,
almost all (96.6%) surgical cases of poorly differentiated
EGC confined to the mucosa, have been found not to
have LNM[11], suggesting that gastrectomy with lymphadenectomy may be over-treatment for these cases.
Therefore, we carried out this retrospectively study to
determine the clinicopathological factors that are predictive of LNM in poorly differentiated EGC. Furthermore,
we established a simple criterion to expand the possibility
of using LWR for the treatment of poorly differentiated
EGC.

Assessment and classification of lymph node
metastasis
Then, the resected lymph nodes were sectioned and
stained with hematoxylin and eosin and examined by
pathologists for metastasis and lymphatic vessel involvement (LVI).
Association between clinicopathological parameters
and lymph node metastasis
Clinicopathological parameters that are covered in the
JCGC[10] were included in this study. They were the gender (male and female), age (< 60 years, ≥ 60 years), family medical history of gastric cancer, number of tumors
(single or multitude), the location of the tumor (upper,
middle, or lower of the stomach), tumor size (maximum
dimension ≤ 2 cm, or > 2 cm), macroscopic type [protruded (type Ⅰ), superficial elevated (type Ⅱa), flat (type
Ⅱb), superficial depressed (type Ⅱc), or excavated (type
Ⅲ)], depth of invasion (mucosa, submucosa), lymphatic
vessel involvement.
The associations between various clinicopathological
factors and LNM were examined as described below.
Statistical analysis
All data were analyzed using SPSS 15.0 statistical software (Chicago, IL, United States). The differences in
the clinicopathological parameters between patients
with and without LNM were determined by the χ 2 test.
A multivariate stepwise logistic regression analysis was
performed subsequently in order to identify independent
risk factors for LNM. Hazard ratio and 95%CI were
calculated. A P value of less than 0.05 was considered
statistically significant.

MATERIALS AND METHODS
Patients
Patients underwent a radical operation due to EGC in the
Department of Oncology, Affiliated Xing Tai People’s
Hospital of Hebei Medical University, Xingtai, China between January 1992 and December 2010 were included in
the screening for identification of cases with EGC in this
retrospective study.
The inclusion criteria were: (1) lymph node dissection
beyond limited (D1) dissection was performed; (2) the
resected specimens and lymph nodes were pathologically
analyzed, and poorly differentiated EGC was diagnosed,
according to the Japanese Classification of Gastric Carcinoma (JCGC)[10]; and (3) patient’s medical records were
available in the database.
During the 18 years, 85 patients (60 male, 25 female;
mean age 52 years, range: 29-82 years) with histopathologically poorly differentiated tumor were identified to
meet the inclusion criteria for further analysis in this
study.
The study protocol was approved by the Ethics Com-
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RESULTS
Of the 85 patients diagnosed with poorly differentiated
EGC, 12 (14.1%) had LNM. As shown in Table 1, 8
(70.6%) were male and 13.3% of them had LNM.
Association between clinicopathological factors and
lymph node metastasis
The association between various clinicopathological factors and LNM was first analyzed by the χ 2 test (Table 1).
A tumor larger than 2.0 cm, submucosal invasion, and
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Table 1 Univariate analysis of potential risk characteristics
for lymph node metastasis n (%)
Factor

Lymph node metastasis

Sex
Male (n = 60)
Female (n = 25)
Age (yr)
< 60 (n = 76)
≥ 60 (n = 9)
Family medical history
Positive (n = 3)
Negative (n = 82)
Number of tumors
Single (n = 83)
Multitude (n = 2)
Location
Upper (n = 20)
Middle (n = 5)
Lower (n = 60)
Tumor size in diameter
≤ 2 cm (n = 54)
> 2 cm (n = 31)
Macroscopic type
Ⅰ (n = 2)
Ⅱ (n = 64)
Ⅲ (n = 19)
Depth of invasion
Mucosa (n = 56)
Submucosa (n = 29)
Lymphatic vessel involvement
Positive (n = 14)
Negative (n = 71)

Table 2 Multivariate analysis of potential risk factors for
lymph node metastasis

P value

8 (13.3)
4 (16.0)

0.781

10 (13.2)
2 (22.2)

0.534

0 (0)
12 (14.6)

0.509

12 (14.5)
0 (0)

0.591

4 (20.0)
0 (0)
8 (13.3)

0.566

3 (5.6)
9 (29.0)

0.011

0
10 (15.6)
2 (10.5)

0.768

3 (5.4)
9 (31.0)

0.007

8 (57.1)
4 (5.6)

< 0.001

Characteristics
Tumor size
≤ 2 cm
> 2 cm
Depth of invasion
Mucosa
Submucosa
Lymphatic vessel involvement
Positive
Negative

95%CI

P value

7.125

1.251-38.218

0.041

16.624

1.571-82.134

0.036

39.112

1.745-123.671

0.011

nary function, decreased stress response, a shorter hospital stay and better postoperative quality of life than open
gastrectomy[15-19]. If the feasibility and safety of LWR in
the treatment of EGC has been proven, it is also true
that several reports have shown the efficacy of LWR in
the cure of EGC with results comparable to those of an
open gastrectomy[20].
One of the critical factors in choosing LWR for EGC
would be the precise prediction of whether the patient
has LNM or not. To achieve this goal, several studies
have attempted to identify risk factors predictive of LNM
in EGC. Few reports, however, have focused on the applicability of laparoscopic treatment for poorly differentiated EGC.
The present multivariate analysis revealed that a tumor
larger than 2.0 cm, submucosal invasion, and the presence of LVI were significant predictive factors for LNM
in patients with poorly differentiated EGC. Our results
together with the previous reports on undifferentiated
EGC[21-24] demonstrated a significant correlation between
the high incidence of LNM and a tumor larger than 2.0
cm submucosal invasion, or presence of LVI[25-27].
We then attempted to identify a subgroup among
poorly differentiated EGC patients in whom the risk of
LNM can be largely ruled out, i.e., candidates who can be
curably treated by LWR. As a result, we found no LNM
in patients with intramucosal cancer if the tumor is less
than or equal to 2.0 cm in size without LVI. This may
indicate that LWR could be sufficient to treat these cases,
and that additional surgery is unnecessary.
We further examined the relationship between the
positive number of the three significant predictive factors
and the LNM rate in order to establish a simple criterion
for an optimal strategy for treatment of poorly differentiated EGC. In the present study, the LNM rates were 5.7%,
42.9% and 57.1%, respectively in cases with one, two and
three of the risk factors respectively in poorly differentiated EGC. Therefore, gastrectomy with lymphadenectomy is probably better for these patients with the risk
factors.
However, there are some limitations in this study.
First, this is a retrospective analysis. Second, the sample
size is relatively small. Thus, the outcomes of the study
may not be good enough to expose the truth.
According to our study, we would propose a treat-

the presence of LVI were significantly associated with a
higher rate of LNM (all P < 0.05). However, gender, age,
family medical history of gastric cancer, number, location, and macroscopic type were found not to be associated with LNM.
Multivariate analysis of potential independent risk
clinicopathological factors for lymph node metastasis
The three characteristics that were significantly associated
with LNM by univariate analysis were found to be significant and independent risk factors for LNM by multivariate analysis (both P < 0.05, Table 2).
Lymph node metastasis in poorly differentiated EGC
The LNM rates were 5.7%, 42.9% and 57.1%, respectively in cases with one, two and three of the risk factors
respectively in poorly differentiated EGC. There was no
LNM in 29 patients without the three risk clinicopathological factors.

DISCUSSION
Because an increased rate of accurate diagnosis of EGC,
which in turn leads to an improved prognosis, an increased interest has been focused on the improvement
of the quality of life and minimization of invasive procedures[12-14]. LWR has been associated with less pain,
quicker return of gastrointestinal function, better pulmo-
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Terminology

Poorly differentiated EGC

Intramucosal cancer

Tumor size ≤ 2 cm

LWR is a procedure based on local resection and a method of minimally invasive technique.

Peer review

Submucosal cancer

This study analyzed the data from 85 patients with poorly differentiated EGC.
They concluded that tumor size, depth of invasion and lymphatic vessel involvement are the significant risk factors for LNM. This is a well-designed retrospective study.

Tumor size > 2 cm
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Figure 1 Flow chart of the therapeutic strategy for cases with poorly
differentiated early gastric cancer. EGC: Early gastric cancer; LWR: Laparoscopic wedge resection; LVI: Lymphatic vessel involvement.
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infiltrated part of the jejunum was successfully resected
in a subsequent operation, and adjuvant chemotherapy
with paclitaxel was planned. Angiosarcoma of the small
intestine is an extremely rare malignant neoplasm that
presents with bleeding and high mortality. Early diagnosis and treatment are essential to improve outcome. A
small intestinal angiosarcoma is a challenging diagnosis
to make because of its rarity, nonspecific symptoms of
altered intestinal function, nonspecific abdominal pain,
severe melena, and acute abdominal signs. Therefore,
a quick clinical and histological diagnosis and decisive
measures including surgery and adjuvant chemotherapy should be the aim.
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Key words: Gastrointestinal bleeding; Small intestine;
Angiosarcoma; Small intestinal neoplasm
First Municipal People’s Hospital of Guangzhou, Guangzhou
510180, Guangdong Province, China

We report a case of an 84-year-old male patient with
primary small intestinal angiosarcoma. The patient initially presented with anemia and melena. Consecutive
endoscopy revealed no signs of upper or lower active
gastrointestinal bleeding. The patient had been diagnosed 3 years previously with an aortic dilation, which
was treated with a stent. Computed tomography suggested an aorto-intestinal fistula as the cause of the intestinal bleeding, leading to operative stent explantation
and aortic replacement. However, an aorto-intestinal
fistula was not found, and the intestinal bleeding did
not arrest postoperatively. The constant need for blood
transfusions made an exploratory laparotomy imperative, which showed multiple bleeding sites, predominately in the jejunal wall. A distal loop jejunostomy was
conducted to contain the small intestinal bleeding and
a segmental resection for histological evaluation was
performed. The histological analysis revealed a lessdifferentiated tumor with characteristic CD31, cytokeratin, and vimentin expression, which led to the diagnosis
of small intestinal angiosarcoma. Consequently, the
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INTRODUCTION
Primary malignant tumors of the small intestine are rare
neoplasms, which comprise < 2% of all gastrointestinal
tumors[1], including adenocarcinoma, carcinoid, sarcoma,
gastrointestinal stromal tumors, and lymphoma. The
reason for the poor prognosis of small bowel malignant
tumors is partly due to a late diagnosis. The difficulty
diagnosing this type of tumor is associated with the nonspecific symptoms, including nausea, vomiting, abdominal pain, constipation, generalized weakness, fatigue,
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malaise, weight loss, anemia, diarrhea, ileus, intestinal
perforation, or hemorrhage[2], as well as limited diagnostic methods for the small intestine.
Angiosarcoma is a rare mesenchymal tumor that most
often arises from skin and subcutaneous tissues[3-7] but
can ultimately arise anywhere in the body. Angiosarcomas
have been described in the liver[8-11], spleen[12,13], adrenal
glands[14-16], ovaries[17-19], heart[20-22], lung[23,24], breast[25-27]
and, very rarely, in the gastrointestinal tract[28-32]. Consequently, an intestinal angiosarcoma that is located in the
small bowel rather than the upper or lower gastrointestinal tract is a very rare medical condition. Angiosarcomas
are aggressive tumors with a high rate of lymph node
and peripheral metastases. This tumor arises as a de novo
primary tumor or secondary to irradiation or chemical
exposure. Angiosarcoma of the small intestine presents
unique diagnostic challenges and is often discovered late,
leading to a very poor prognosis.
Additionally, the histological diagnosis is difficult and
can be confused with other neoplasms such as poorly
differentiated carcinoma[4,33,34]. Diagnosis is facilitated by
immunohistochemical expression analysis of the endothelial markers CD31 and CD34, as well as factor Ⅷ-associated antigens.
Herein, we describe the case of an 84-year-old man
with the first episode of gastrointestinal bleeding due to
angiosarcoma of the small intestine.

A

B

Figure 1 Multiple intra-abdominal hemorrhagic lesions in the intestinal
wall of the jejunum. A: Intraoperative presentation of the jejunum with multiple
subserous hemorrhages; B: Longitudinally lanced jejunum specimen with disseminated mucosal tumor manifestation.

CASE REPORT
resections and a distal loop jejunostomy were performed
for a histological evaluation but achieved only temporal
arrest of bleeding, which again became visible postoperatively after a loop jejunostomy. As no transanal bleeding
was observed, and the histological analysis suggested a
malignant angiosarcoma, a small bowel resection proximal to the loop jejunostomy with an end-to-end duodenoileostomy was subsequently performed.
Only approximately 1 m of small intestine could be
preserved to achieve bleeding control. Adjuvant therapy
was intended with paclitaxel, due to histological evidence
of angiosarcoma. Unfortunately, a spontaneous intracranial hemorrhage with ventricular bleeding led to death
of the patient, and the cause could not be determined.
During hospitalization, the patient had received 75 erythrocyte concentrates, 49 units of fresh frozen plasma, 12
thrombocyte concentrates, and coagulation factors.

The patient was transferred to the Department of Internal Medicine of a peripheral hospital with gastrointestinal
bleeding, which required a blood transfusion. Three lesions with coagulum and vessels necessitating application
of two clips were found by endoscopy of the distal duodenum and upper segment of the jejunum. A colonoscopy revealed old blood, so bleeding in the small intestine
was suspected. The patient had been diagnosed with an
aortic aneurysm 3 years previously, which was treated
with juxtarenal stent-graft prosthesis. A prosthetic-enteric
fistula was suspected on the emergency abdominal aortic
computed tomography (CT) scan. With this suspected
diagnosis, the patient was transferred to the University
Hospital Düsseldorf, and emergency vascular surgery was
performed. The stent-graft prosthesis was removed and
desobliteration of the saccular aortic aneurysm and the
renal arteries was implemented, followed by implantation
of an aorto-biiliacal silver-graft prosthesis. However, a
prosthetic-enteric fistula was not revealed intraoperatively.
The gastrointestinal bleeding did not arrest postoperatively, and Forrest IIb bleeding in the proximal jejunum
was endoscopically diagnosed and treated. The local
bleeding was stopped with hemoclips.
An exploratory laparotomy was performed due to
persistent gastrointestinal hemorrhage, which showed
multiple intra-abdominal hemorrhagic lesions in the intestinal wall of the jejunum (Figure 1). Three segmental
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Histopathological findings
The small bowel showed an epithelium partly ulcerated
with hemorrhage and infiltration of a mesenchymal fusiform tumor with parts of high-grade cells and nuclear
polymorphism, including several mitoses and apoptosis formation (Figure 2). The tumor cells formed slitshaped hollows, and they were predominantly grouped
together with a solid appearance. The neoplastic cells
were multifocal with macronucleoli. Eight mitoses were
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soft tissue, rather than in the gastrointestinal tract, and
compromise < 2% of all sarcomas[37,38]. Consequently,
only 33 cases of small intestinal angiosarcoma have been
reported in the English literature over the past 42 years
(Table 1).
The precise predisposing factors remain unknown.
Exposure to vinyl chloride, thorotrast, arsene, and radiation have been associated with the pathogenesis[9,31,39-41].
Of the 33 cases reported, 14 describe patients developing an angiosarcoma after being treated with radiation
for a malignant tumor, including ovarian carcinoma[39,42],
ovarian dysgerminoma[40], squamous cell carcinoma of
the uterine cervix[43-46], endometrial adenocarcinoma of
the uterus[41,47], and Hodgkin’s disease[48]. The first report
of an angiosarcoma of the small intestine after postoperative irradiation was published in 1979[39]. That patient
developed an angiosarcoma in the terminal ileum 8 years
after irradiation for an ovarian carcinoma. Since then, 13
more angiosarcoma cases following radiation have been
published (Table 1). In one case, an angiosarcoma occurred after exposure to irradiation and polyvinyl chloride[31], but predisposing factors could not be identified
in the remaining 19 cases. The patient presented in this
report also did not have any known malignancy or exposure to irradiation, vinyl chloride, or other chemicals
known to induce angiosarcomas such as thorotrast or
arsene.
Categorization by sex and age does not reveal any
clear-cut distribution. The average age of patients with
this type of angiosarcoma was 62 years (range, 25-87
years), and 18 patients were male and 15 were female
(Table 1).
The clinical manifestations of patients with angiosarcomas of the small intestine include lethargy, weakness,
altered intestinal function, nonspecific abdominal pain,
severe melena, anemia, acute abdominal signs and/or
ileus symptoms, and even nonspecific chest pain (Table
1). In 15 of the 33 cases, the patient had signs of gastrointestinal bleeding[30,31,37,49,50], similar to the patient
described in this report. This variability in clinical manifestations makes it even more difficult to reach a quick
and correct diagnosis. Furthermore, currently available
diagnostic modalities, including CT, capsule endoscopy,
double-balloon enteroscopy, magnetic resonance imaging, and positron emission tomography-CT all fail to
detect the bleeding site, let alone lead to a diagnosis.
Angiosarcomas are classified as well-differentiated,
poorly differentiated, and epithelioid tumors. A histological diagnosis can be challenging because angiosarcoma
of the small intestine shows high architectural and cytological variability. The epithelioid morphology is typical
but can be easily confused with other entities such as a
poorly differentiated carcinoma[4,47]. Immunohistochemical expression analysis for the endothelial markers CD31,
CD34, and factor Ⅷ-associated antigen is crucial. The
majority of cases listed in Table 1 were positive for these
antigens. Other antigens show limited relevance and can

A

B

Figure 2 Histopathological findings. A: Ileum section stained with hematoxylin and eosin (HE) shows extensive tumor infiltration (× 100); B: HE-stained
detailed section of an angiosarcoma with typical vascular proliferation (× 400).

identified per 10 high-power fields. The tumor cells
stained positive for CD31, cytokeratin, and vimentin
and slightly weaker for CD34. The tumor cells were also
focally positive for factor Ⅷ. The MIB-1 marker of proliferation was expressed in approximately 40% of nuclei.
The Berlin blue reaction indicated siderin deposits and
Elastica-van-Gieson staining revealed collagen fibers. In
summary, the tumor showed a less differentiated, multifocally growing epithelioid angiosarcoma (degree of
malignancy Ⅲ Coindre) in the submucosa with infiltration of the subserosal fat tissue and extensive lymphatic
spread.

DISCUSSION
A gastrointestinal hemorrhage is a potentially dangerous
condition that warrants a quick diagnosis and decisive
treatment. The vast majority of these bleeding events
are due to either upper or lower gastrointestinal bleeding, and only 5% cannot be localized endoscopically[35].
These bleeding events typically occur from the small
intestine. The most common cause of small intestinal
bleeding is a vascular abnormality such as angioectasia,
followed by tumors and, more infrequently, small bowel
ulcers and aortoenteric fistulas[36]. Angiosarcoma of the
small intestine is an extremely rare but potentially lifethreatening cause of such bleeding.
Angiosarcomas typically occur in skin and superficial
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Table 1 Literature overview: Angiosarcoma of the gastrointestinal tract (modified from Grewal et al
Patient
[age (yr)/sex]

[32]

and Policarpio-Nicolas et al

[47]

)

Tumor
manifestation

Histology

Radiation/ predisposition

Symptoms

Therapy

Outcome

Ref.

Epithelioid

None

Abdominal pain, melena

Resection

Died after 6 mo

[50]

65/F

Duodenum, ileum,
and stomach
Ileum

Radiation
None
None
Radiation

Died after 1 yr
Died after 4 mo
NA

[29]
[29]
[40]

64/M

Small intestine

None

Gastrointestinal bleeding

Resection,
chemotherapy
Resection
Resection
Resection,
chemotherapy,
radiation
Resection

[39]

NA
Small intestine
Ileum

Abdominal pain, nausea,
vomiting
Gastrointestinal bleeding
NA
Abdominal pain

Died after 14 mo

64/M
57/F
47/F

Welldifferentiated
Epithelioid
Epithelioid
NA

None

NA

Resection

None

Abdominal pain, poor
appetite, fatigue

Resection

Died after 9 d

[59]

NA

Melena

Resection

[60]

Radiation

Abdominal pain

Radiation

Abdominal pain, weight loss,
vomiting, diarrhea
Abdominal pain

Resection,
chemotherapy
Resection

Died due to multiple
complications
Died after 5 mo
Died after 5 mo

[45]
[43]

46/M

57/M

76/M

74/F
51/M
76/F
48/F

Welldifferentiated
tumor
Ileocecal valve,
Wellsmall bowel, and differentiated
mesentery
tumor
Ileum
Mixed, welldifferentiated
and
epithelioid
Jejunum
Welldifferentiated
NA
Welldifferentiated
Ileum
Welldifferentiated
Ileum
NA

60/F

Small intestine

80/F

Small and large
bowel
Small and large
bowel
Duodenum,
stomach

69/F
NA/M

Radiation

Acute abdomen, and a distal
jejunal perforation
Altered intestinal function

Resection
Resection

Died after 2 wk

[42]

Weight loss, abdominal
distention, hematochezia
Severe melena

Resection

Died after 23 d

[42]

Radiation
Radiation

Relative bowel obstruction
Repeated symptoms of
intestinal obstruction

Resection
Resection,
chemotherapy

Radiation

Fullness, abdominal pain

Resection

Died after 10 mo

[46]

None

Weight loss, Intermittent
severe abdominal pain, and
melena
Weight loss, decreased
appetite, generalized
weakness, left upper
quadrant abdominal pain
Gastrointestinal bleeding

Resection

Died after 3 mo

[51]

Resection,
chemotherapy

Survived at least 1 yr

[52]

Resection

Died after 11 d

[37]

Chemotherapy
NA

Died after 4 mo
Died after 17 mo

[49]
[49]

NA

Died after 4 mo

[49]

Chemotherapy,
radiation

Alive 18 mo after
diagnosis, palliative
situation

[49]

Radiation
Radiation
Radiation
None

78/F
50/F

Small intestine
Ileum

61/F

Ileum

67/M

Jejunum, ileum

High-grade
Multifocal
and
infiltrating
Welldifferentiated
Epithelioid

85/M

Small intestine

High-grade

None

59/M

Ileum

None

70/M
84/F

Duodenum
Jejunum

Mixed
epithelioid
and welldifferentiated
Epithelioid
Epithelioid

47/M

Jejunum

Epithelioid

None

25/M

Small intestine

Epithelioid

None
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[48]

Died from sepsis after
23 d
Died after 3 mo

Welldifferentiated
Welldifferentiated
Welldifferentiated
Epithelioid

None
None

Melena, anemia
Melena, anemia, shortness of
breath
Melena, anemia, shortness of
breath
Gastrointestinal bleeding,
hemoptysis, anemia
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Resection

Died with disseminated [30]
disease after
approximately 1 yr
Died after several days [30]

Resection

[44]

Died of respiratory
[61]
failure, metastases
were found in various
organs, including the
lungs, bones, liver, gallbladder, and lymph
nodes
Died after 2 yr
[41]
Died after 21 mo
[41]
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70/M

Ileum

Mixed, welldifferentiated

None

Abdominal pain, vomiting

68/M

Ileocecal

High-grade

Gastrointestinal bleeding,
melena

51/F

Ileum

Welldifferentiated

Radiation,
polyvinyl
chloride
Radiation

87/M

Duodenum,
jejunum
Duodenum,
jejunum
Jejunum

Epithelioid

None

Epithelioid

Radiation

NA

NA

Small and large
bowl

NA

None

73/M
NA/M
25/F

Resection,
chemotherapy,
radiation
Resection

Decreased appetite and
Resection
vague abdominal pain of
several months duration
Lethargy, weakness, and
Endoscopy, argon
nonspecific chest pain
plasma coagulation
Weakness, dizziness, constiResection
pation, and melena
Acute abdominal signs
Resection, chemotherapy
Intermittent abdominal pain,
Resection
weight loss, and progressive
abdominal distension, a 7-wk
history of shortness of breath,
hematemesis, and melena

Survived at least 4 yr

[53]

Died before starting
chemotherapy

[31]

Died after 10 mo

[47]

Died after 6 wk

[62]

Died after 4 mo

[32]

Survived at least 3 yr

[2]

Died after 2 wk

[63]

NA: Not available; M: Male; F: Female.

cause confusion with other carcinomas. There is some
controversy about the relevance of cytokeratin, which
has been reported positive by some authors[32,37,49,51].
However, most authors have reported no such expression by intestinal angiosarcomas[29-31,48,52].
The current therapy for angiosarcoma includes
bleeding control and symptomatic therapy to stabilize
the patient, followed by radical tumor resection.
Six patients in the literature received adjuvant chemotherapy [39,41,48,49,52], and three patients were treated
with combination chemotherapy and radiation [40,49,53].
Adjuvant therapy with paclitaxel was intended in the
present case; however, the patient died before starting
chemotherapy. All adjuvant therapy protocols are generally empiric and based on studies of cutaneous angiosarcoma, as randomized clinical studies on gastrointestinal
angiosarcomas are lacking due to their rarity. The first
case published received combination chemotherapy
consisting of doxorubicin, vincristine, dacarbazine, and
cyclophosphamide, after operative resection of the terminal ileum. That patient survived 14 mo[39]. Another
combination therapy that has been used is doxorubicin
and dacarbazine, which led to 5 mo survival after diagnosis[48]. Monotherapy with doxorubicin showed survival
of 21 mo, at which time the tumor was widely disseminated[41]. Furthermore, thalidomide therapy was initiated
as an experimental measure after operative resection in
one case[52]. That patient was still alive 1 year after the
initial diagnosis. No recommendation can usually be
made, but paclitaxel and/or thalidomide are currently
commonly considered[52,54,55]. The newest studies suggest administering doxorubicin and paclitaxel weekly for
cutaneous angiosarcoma, which seem to provide longer
progression-free survival[56-58].
Despite all efforts, survival of patients with small
bowel angiosarcoma is generally poor. Survival usually
ranges from several days after surgical intervention to
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2 years. The majority of patients die within 6 mo to 1
year after being diagnosed (Table 1). Only two reported
patients survived > 2 years after resection and adjuvant
(radio-) chemotherapy[2,53].
One major cause of this poor outcome seems to be
that the diagnosis is difficult, and many tumors are diagnosed only in the late stages of the disease. Therefore,
a quick diagnosis using endoscopy and imaging procedures, as well as fast and decisive surgical intervention
and adjuvant chemotherapy are necessary.
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Abstract

INTRODUCTION

An extrahepatic arterioportal fistula (APF) involving the
gastroduodenal artery and superior mesenteric vein is
rare and mostly results from iatrogenic injuries. The
clinical symptoms associated with APFs may include
abdominal pain, gastrointestinal bleeding, ascites,
nausea, vomiting, diarrhea, or even congestive heart
failure. We present the case of a 70-year-old man who
presented with chronic abdominal pain and gastrointestinal bleeding secondary to APF and portal vein
thrombosis. The endovascular embolization of APF was
accomplished successfully, and symptoms of portal hypertension resolved immediately after intervention. Unfortunately, the patient did not respond well to anticoagulation therapy with warfarin. Therefore, the patient
underwent implantation of a transjugular intrahepatic
portosystemic shunt, and the complications of portal
hypertension resolved. In conclusion, the embolization
of APF is technically feasible and effective and can be
considered the first-choice therapy in selected patients.

WJG|www.wjgnet.com

Upper gastrointestinal bleeding in patients with cirrhosis
is usually due to portal hypertension, which is common in
this population. Nevertheless, bleeding resulting from extrahepatic arterioportal fistulas (APFs) is extremely rare[1-3].
Extrahepatic APF may cause severe portal hypertension,
which leads to upper and lower gastrointestinal bleeding,
refractory ascites, diarrhea, and hepatic encephalopathy.
We present an unusual case of a 70-year-old man who presented with chronic abdominal pain and gastrointestinal
bleeding secondary to APF and portal vein thrombosis.

CASE REPORT
A 70-year-old man with a history of cirrhosis resulting from hepatitis B virus infection was admitted to our
hospital with complaints of chronic abdominal pain and
melena. At the time of admission, his pulse rate was 63
beats/min, and his arterial blood pressure was 117/61
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Figure 1 Contrast-enhanced computed tomography
scan of the upper abdomen. A: Computerized tomography (CT) scan revealed a large aneurysm (white arrow)
with dilated feeding gastroduodenal artery (GDA) (white
arrowhead). Draining superior mesenteric vein (SMV)
was observed at a lower level; B: Three-dimensional CT
reconstruction demonstrated an arterioportal fistula (white
arrow) arising from the GDA; C: CT scan showed a highdensity mass in the right portal vein (black arrow), the
patent main portal vein and SMV.

C

B

Figure 2 Selective angiography of the gastroduodenal artery. A: Angiography demonstrated an arterioportal fistula fistulating into the superior mesenteric
vein; B: The varices were opacified.

Figure 3 After the placement of several metal coils, the arterioportal fistula was utterly abrogated.

Embolization of the extrahepatic APF was performed
to occlude the fistula and reduce portal pressure using
stainless metal coils (Cook Incorporated, Bloomington,
United States). A further angiography of the GDA confirmed immediate cessation of the fistula and the abrogation of the hyperkinetic portal flow (Figure 3). After the
procedure, the gastrointestinal bleeding stopped, and the
patient reported symptomatic improvement, with resolution of the chronic abdominal pain. Four days later, the
patient was discharged in good condition. He was also
started on anticoagulation therapy with warfarin, and the
dose was adjusted to achieve an International Normalized Ratio of 2 to 3.
Three years after intervention, the patient presented
to the emergency room with acute upper gastrointestinal
bleeding. CT scan demonstrated multiple thromboses
in the right and main portal vein and massive ascites,
without any sign of APF (Figure 4). Because anticoagulation therapy was not successful, the patient underwent
implantation of a transjugular intrahepatic portosystemic
shunt (TIPS). Currently, two years after TIPS, despite
several episodes of mild hepatic encephalopathy requiring conventional medical treatment, the patient remains
clinically well.

mmHg. Laboratory tests disclosed the following values:
red blood cells, 2.65 × 1012/L; white blood cells, 5.65
× 109/L; PC, 207 × 109/L; prothrombin time, 15.9 s;
total bilirubin, 1.1 mg/dL; albumin, 3.2 g/dL; aspartate
aminotransferase, 47 IU/L; alanine aminotransferase, 43
IU/L; and alkaline phosphatase, 450 IU/L. The patient
underwent cholecystectomy at the age of 67 because of
acute cholecystitis.
Upper gastrointestinal endoscopy showed multiple
severe esophageal and duodenal descendent varices and
portal hypertensive gastropathy. Computerized tomography (CT) of the abdomen demonstrated the presence of
a large aneurysm next to the head of the pancreas filled
by the dilated gastroduodenal artery (GDA), draining into
the superior mesenteric vein (SMV) (Figure 1). Other CT
findings were cirrhotic liver, the presence of esophageal
varices, portal thrombosis, moderate ascites and splenomegaly (Figure 1).
Under local anesthesia, a 5-F Cobra catheter (Teramo
Co., Fijinomiya, Japan) was advanced into the GDA via
the common femoral artery. Selective digital subtraction
angiography showed an APF between the GDA and
SMV, and the blood flow from the SMV did not go into
the portal vein but into the collateral veins (Figure 2).
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der local anesthesia, and do not impede planned surgery.
In our case, a 5-F Cobra catheter was used to extend the
peripheral fistula position, and it allowed for the exact
placement of the coils in the feeding GDA.
The endovascular embolization of APF was accomplished successfully, and symptoms of portal hypertension resolved immediately after intervention. Unfortunately, the patient did not respond well to anticoagulation
therapy with warfarin. We elected to treat the patient
with TIPS rather than endoscopic treatment for two reasons. The first reason is that because the patient did not
respond well to warfarin, endoscopic therapy plus anticoagulation therapy seemed impossible to recanalize the
portal vein. The second reason was that TIPS could not
only reduce the portal pressure but also recanalize the
portal vein and avoid rethrombosis by restoring portal
flow through a low-resistance shunt.
In conclusion, extrahepatic APF is a rare cause of
portal hypertension and may cause gastrointestinal bleeding and ascites. The embolization of APF is technically
feasible and effective and can be considered the firstchoice therapy in selected patients. Moreover, by embolizing the APF, chronic abdominal pain was also controlled.

Figure 4 Computerized tomography scan revealed massive intrahepatic
portal vein thrombosis and main portal vein thrombosis.

DISCUSSION
Extrahepatic APF involving the GDA and SMV is an
uncommon disorder of the mesenteric vasculature characterized by abnormal communication between the arterial and portal circulation. The most common causes of
APFs are reported to be congenital vascular malformations, blunt or penetrating traumas and iatrogenic injuries[1,4-6]. Our patient had no history of abdominal traumas or other vascular malformations, suggesting that the
APF most likely arose as a result of iatrogenic vascular
injury during the previous biliary surgery.
Both CT and magnetic resonance imaging with intravenous contrast material can provide useful information
for the diagnosis of APFs, specifically, the exact anatomic
location and extent of mesenteric vessel involvement.
Doppler ultrasonography is another useful imaging modality for diagnosis, which can not only detect the position of an APF but also evaluate the flow direction. Arteriography should be performed as soon as possible for
diagnostic purposes and evaluating APF hemodynamics,
delineating the fistula site, and determining the size of
the feeding artery. In the present case, CT of the abdomen clearly revealed a large aneurysm, which was supplied by the GDA and had fistulated into the SMV, with
radiological evidence of portal hypertension.
APF is an uncommon but treatable cause of portal
hypertension. The clinical symptoms associated with
APFs may include abdominal pain, gastrointestinal bleeding, ascites, nausea, vomiting, diarrhea, or even congestive heart failure[4,7]. In this case, extrahepatic APF led to
secondary portal hypertension, resulting in upper gastrointestinal bleeding and moderate ascites. Portal hypertension disappeared immediately after cessation of the APF.
Generally, the early treatment of APF is mandated,
even in asymptomatic patients with a high-flow fistula, to
prevent complications. Both open and endovascular management of APFs has been well described[5,8,9]. However,
there is an increased use of endovascular techniques as
first-choice therapy, including embolization or stent insertion[8,10]. Endovascular techniques provide a less invasive
alternative to surgical procedures, can be performed un-
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bile salt export pump expression due to the impaired
FIC1 function. Our findings show that patients with
intermittent cholestasis can develop progressive liver
disease even after several decades and require regular
follow up.
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INTRODUCTION

Abstract

Progressive familial intrahepatic cholestasis (PFIC) is a
heterogeneous group of severe autosomal recessive liver
disorders of childhood that result in cholestasis that
can progress to end-stage in the first or second decade
of life[1,2]. PFIC-1 and PFIC-2 are characterized by low
serum γ-glutamy-ltransferase (GGT) levels. Patients with
PFIC-1 have mutations in ATP8B1 (encoding FIC1),
which maps to chromosome 18q21-22, and patients with
PFIC-2 have mutations in ABCB11 (encoding bile salt
export pump, BSEP), which maps to chromosome 2q24.
PFIC-3 is characterized by high serum GGT levels and
is caused by genetic mutations in ABCB4 (encoding multidrug resistant protein 3)[3].

Progressive familial intrahepatic cholestasis type 1
is a rare disease that is characterized by low serum
γ-glutamyltransferase levels due to mutation in ATP8B1 .
We present a 23-year-old male who experienced persistent marked pruritus for eighteen years and recurrent
jaundice for thirteen years, in addition to cholestasis
that eventually became fatal. Genetic sequencing studies of the entire coding (exon) sequences of ATP8B1
and ABCB11 uncovered a novel heterozygous missense 3035G>T mutation (S1012I) and a synonymous
696T>C mutation in ATP8B1 . The patient’s progression
was associated with not only impaired familial intrahepatic cholestasis 1 (FIC1) function but also impaired
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We report an unusual patient who presented with
childhood-onset progressive intrahepatic cholestasis with
low serum GGT levels and died in his third decade of
life. Genetic sequencing analysis revealed a novel heterozygous 3035G>T mutation (S1012I) and a synonymous
696T>C mutation in ATP8B1.

that in the liver tissue sample taken from the same patient at 10 years of age. Atypical hyperplasia was not observed in the mass, and CD10, CD34 and α fetoprotein
(AFP) immunochemistry staining were unremarkable
(data not shown). BSEP expression was present only
focally and was assessed as both faint and patchy in the
liver biopsy tissue (Figure 4).
Ursodeoxycholic acid (UDCA) and vitamin supplements were prescribed. Serum total bilirubin was persistently elevated, and liver transplantation and partial
external biliary diversion were advised. The patient
declined surgery to resolve the cholestasis and was discharged. The patient was followed up but died of liver
failure and hepatic encephalopathy two months later.

CASE REPORT
A 23-year-old male presenting with an 18-year history
of persistent pruritus and a 13-year history of recurrent
jaundice was admitted to the department of infectious
disease. He had gradually developed severe pruritus with
pale yellow stools and dark urine 2 mo before admission.
He had been admitted to hospital 13 years previously for
pruritus, hyperbilirubinemia and mildly elevated alanine
aminotransferase levels (Table 1). Skin pathology conducted at that time showed hyperkeratosis of epidermal
cells, papilloma hyperplasia, acanthosis, and a slight increase of basal pigmentation (results not shown). The
liver biopsy revealed intrahepatic cholestasis with ballooning degeneration of hepatocytes, no significant fibrosis, and multinucleated giant cells (Figure 1). Jaundice
recurred four times during the subsequent 13 years. Serum biochemistry was returned to normal levels by treatment with a liver protectant. There was no family history
of liver disease. On physical examination, the patient
was 150 cm tall and 55 kg in weight. The skin and sclera
were markedly icteric. The skin was rough and thickened
(Figure 2). Palmar erythema and mild splenomegaly were
noted. The rest of the examination was unremarkable.
Liver function tests showed conjugated hyperbilirubinemia, elevated serum aminotransferase levels, low
serum GGT values, increased bile acids levels and hypoalbuminemia (Table 1). The patient was negative for
markers of hepatitis virus. Antibodies to cytomegalovirus and Epstein-Barr virus were negative. Ceruloplasmin
and serum copper were normal, and no Kayser-Fleischer
ring was observed upon examination by an experienced
ophthalmologist. A qualitative urinary porphyrin test was
negative. Autoimmune antibodies including antimitochondrial antibody, antinuclear antibodies, antineutrophil
cytoplasmic antibody were all negative, and serum α-1antitrypsin concentration, thyroid function and other
laboratory investigation results were normal.
A lesion in segment 4 of the liver, gallbladder stones,
splenomegaly and an oval-shaped signal intensity in the
spleen were observed upon magnetic resonance imaging (MRI) (Figure 3). No dilatation of the bile duct was
observed by magnetic resonance cholangiopancreatography. A repeat biopsy was performed.
The liver biopsy revealed cholestasis, inflammation
and fibrosis at the portal area. The mass consisted of
normal liver tissue with normal liver architecture and
mild fibrosis (data not shown). The fibrosis stained with
hematoxylin and eosin and Masson’s trichrome at portal
area in the 23-year-old liver tissue was more severe than
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Mutation analysis
Genetic studies were performed with the informed
consent of the patient, and the study was approved by
the Ethics Committee of China Medical University.
Genomic DNA was extracted from peripheral blood
leucocytes. ABCB11 and ATP8B1 were analyzed by
direct sequencing of polymerase chain reaction (PCR)
products. PCR primers were designed to amplify the 27
exons of the entire coding sequence of the ATP8B1
gene and the 28 exons of the ABCB11 gene, followed
by direct sequencing using a Genetic Analyzer 3730 instrument (Applied Biosystems). A synonymous 696T>C
mutation and a novel heterozygous missense 3035G>T
mutation (S1012I) were discovered in exons 7 and 24 of
the ATP8B1 gene. We obtained blood samples from the
patient’s parents and sisters, all of which were negative
for the ATP8B1 and ABCB11 mutations. The mutations
were absent in 100 control chromosomes (evaluated by
direct sequencing). This missense mutation has not been
reported in any other benign recurrent intrahepatic cholestasis (BRIC)-1 or PFIC-1 patient.

DISCUSSION
In this study, we present a patient with a novel mutation
in ATP8B1, who experienced the onset of persistent
sever pruritus at 5 years old and the onset of progressive
intrahepatic cholestasis at 10 years old, eventually dying
of liver failure at age 23. Common chronic cholestatic
diseases such as primary biliary cirrhosis, sclerosing
cholangitis and idiopathic ductopenia were excluded by
laboratory, radiographic and histological examinations.
Based on the absence of the missense mutation (S1012I)
in 100 control chromosomes, the novel mutation S1012I
is believed to be the disease-causing mutation. ATP8B1
is also associated with BRIC1 and intrahepatic cholestasis of pregnancy, which are characterized by intermittent cholestasis without liver scarring[4]. These clinical
and histopathological features are generally considered
diagnostic for PFIC-1 rather than BRIC type 1. The differences in clinical outcome and disease duration may
be dictated by the variations of the structure and/or
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Figure 1 Histological features of samples taken at age 10 and current liver biopsy specimens (age 23 years). A: Multinucleated giant cells (black arrow) and
ductal cholestasis (white arrow) in the previously sampled liver tissue (image, × 400); B: Ductal cholestasis (white arrow) and ballooning degeneration of the hepatocytes (black arrow) in the previously sampled liver tissue (image, × 200); C: Ductal cholestasis and hepatocytes ballooning degeneration (black arrow) in the recently
sampled liver tissue (image, × 200); D: Mild portal and lobular fibrosis in the previously sampled liver tissue (image, × 200); E: Moderate lobular fibrosis in the recently
sampled liver tissue (image, × 200); F: Moderate portal fibrosis in the recently sampled liver tissue (image, × 200).

Table 1 Serum biochemistry values throughout the course of
the disease
Variables

Reference Age
On
range
10 yr admission

Bilirubin, total
3.4-20.5 213.5
(μmol/L)
BiLirubin, direct
0.0-6.8 158.6
(μmoL/L)
GGT (U/L)
10-47
8
ALP (U/L)
40-129
237
AST (U/L)
8-40
256
ALT (U/L)
5-40
375
ALbumin (g/L)
40-50
NA
PT (s)
11.5-13.5 NA
PTA (%)
80-120
NA
BiLe acids
0-10
NA
(μmoL/L)
PLasma ammonia
0-23
NA
(μmoL/L)
CHE (U/L)
NA
NA

2 wk

1 mo

2 mo

250.1

303.7

180.5

420.1

188.6

213.1

115.6

286.7

7
345
202
196
35
14.9
80.6
296

31
322
222
183
33.3
NA
NA
239

26
300
156
130
NA
NA
NA
218

NA
NA
466
148
24.7
28.5
24.7
NA

15

NA

NA

61.5

1519

1720

NA

Figure 2 Skin. The skin was rough and thickened.

missense 3035G>T mutation and the synonymous
696T>C mutation on the FIC1 protein are unknown.
Though the function of FIC1 protein is not yet
known, it is thought to mediate the inward translocation
of phosphatidylserine from the exoplasmic to the cytoplasmic leaflet of the plasma membrane[5]. Immunohistochemistry for FIC1 protein was not performed due to
the current lack of a commercially available specific antibody to detect the absence/alteration of the FIC1 protein. Impaired FIC1 function may lead to a loss of lipid
asymmetry in the canalicular membranes of hepatocytes,

NA

ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; PT: Prothrombin time; PTA: Prothrombin
activity; NA: Not available; GGT: γ-glutamyl transpeptidase; CHE:
Cholinesterase.

function of the FIC1 protein due to the mutation in
ATP8B1[5]. Although the novel mutation 3035G>T is
predicted to impair FIC1 function, the effects of the
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Figure 3 Liver magnetic resonance imaging. A: A 2.3 cm × 2.56 cm lesion was observed in segment 4 of the liver (T1-weighted). No obvious dilation of the intra or
extrahepatic bile duct was observed; B: Following contrast magnetic resonance imaging (MRI), the capsule shows linear enhancement without enhancement of the lesion itself. Splenomegaly is observed, and several oval-shaped nodules in the spleen show slight enhancement; C: The oval-shaped nodules appear as low-intensity
signals on a T1-weighted MRI image; D: The oval-shaped nodules in the spleen appear as a lower-intensity signal on T2-weighted MRI images than on T1-weighted
images.

A

B

C

D

Figure 4 Expression pattern of the canalicular transporter bile salt export pump (rabbit anti-bile salt export pump polyclonal antibody, all images, × 400). A:
Normal bile salt export pump (BSEP) staining in a control liver without cholestasis. Anti-BSEP antibody stains an orderly canalicular network; B: BSEP staining in liver
tissue collected from the patient 13 years ago. BSEP is present only focally (arrows) and is both faint and patchy; C: BSEP staining in the recent sample of liver tissue
BSEP expression is again faint and patchy; D: Canaliculi in negative control liver stained with phosphate-buffered saline.
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resulting in BSEP dysfunction; decreased expression of
BSEP (encoded by ABCB11) has been observed in livers from PFIC-1 patients, and this decrease is associated
with the accumulation of bile salts in hepatocytes[6,7]. It
is also reported that a marked decrease in the activity of
farnesoid X receptor, which can positively regulate the
expression of BSEP and affects canalicular membrane
composition to impair ABCB11 activity, can be induced
by a loss of FIC1 expression[8,9]. Immunohistochemistry
for BSEP in this patient revealed that BSEP expression
was present only focally and was assessed as both faint
and patchy in the liver biopsy sample. Thus, the chronic
cholestasis in this patient was associated with not only
impaired FIC1 protein function but also impaired BSEP
expression. No mutation in ABCB11 was detected,
which suggested that impaired expression of BSEP in
the patient was most likely induced by impaired FIC1
protein function.
PFIC-1 patients may exhibit extrahepatic features
such as persistent short stature, diarrhea, pancreatitis
and sensorineural hearing loss[10], which were not present in this patient. Here, we show that a patient with
intermittent cholestasis can develop progressive liver
disease even after several decades. However, this does
not imply that all patients with BRIC will progress to
PFIC. Although van Ooteghem et al[11]reported that 4
of 63 patients with intermittent cholestasis developed
progressive liver disease after several decades, only 2 of
the 4 patients were diagnosed genetically, in assays that
revealed the same splice site mutation resulting in skipping of exon 24. Here, we have uncovered a novel missense mutation in ATP8B1 associated with progressive
liver disease in a patient with intermittent cholestasis. A
possible phenotypic continuum between BRIC-2 and
PFIC-2 in a patient with mild disease, who experienced a
complete remission of liver fibrosis following treatment
with UDCA, was reported[12]. The patient we presented
did not respond to treatment with UDCA and died of
liver failure, in contrast to the previously described patient with phenotypic continuum.
PFIC may induce hepatic malignancies, which can
be coincident with hepatoblastoma[13]. CD10, CD34 and
AFP immunochemistry staining was performed to distinguish a well-differentiated hepatocellular carcinoma
from normal and cirrhotic liver tissue or benign liver
nodules were performed; the results were negative[14,15].
The liver mass in this patient was found to be a benign
lesion with normal liver architecture.
The current medical therapy for PFIC-1 is either
non-existent or useful for only a limited duration, and
some agents, including ursodeoxycholic acid, provide
mainly symptomatic relief. Mutation-specific drugs may
become a new tool for PFIC-1 therapy in the near future. Most patients with progressive cholestasis eventually require surgical intervention[10]. Liver transplantation
should be considered in patients who develop cirrhosis
or progressive liver disease despite treatment.
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In conclusion, we report a rare case that presented with
onset persistent sever pruritus progressing to PFIC-1 due
to a novel heterozygous ATP8B1 mutation. Both impaired
FIC1 function and impaired BSEP expression induced
by the impaired FIC1 function were associated with this
progression. This case shows that patients with intermittent cholestasis can develop progressive liver disease, even
after several decades, and should be followed up regularly.
Further studies are necessary to investigate the impact of
the 3035G>T mutation on functional defects in FIC1 and
BSEP.
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Abstract
We describe herein a 68-year-old woman who was diagnosed with a quite rare entity of intraductal papillary
mucinous neoplasms (IPMNs) occurring simultaneously
in the left lateral lobe of liver and the tail of pancreas.
Abdominal computed tomography and magnetic resonance cholangiopancreatography showed a cystic dilatation of the pancreatic duct in the pancreatic tail, which
suggested an IPMN, and multiple intrahepatic duct
stones in the left lateral lobe. The patient underwent a
laparoscopic left lateral hepatolobectomy and spleenpreserving distal pancreatectomy. Intra-operative finding of massive mucin in the dilated bile duct implied an
intraductal mucinous tumor in the liver. The diagnosis
of synchronous IPMNs in the liver and pancreas was
confirmed by pathological examination. The patient
was followed up for 6 mo without signs of recurrence.
Although several cases of IPMN of liver without any
pancreatic association have been reported, the simultaneous occurrence of IPMNs in the liver and pancreas
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INTRODUCTION
Intraductal papillary mucinous neoplasm (IPMN) is rare
and mostly occurs in the liver or pancreas. Synchronous
occurrence of IPMNs in the liver and pancreas is even
more unusual. It is only described in the form of case
reports in the literature[1-5]. We present here a case of
synchronous occurrence of IPMNs located respectively
in the left lateral lobe of the liver and the tail of pancreas. These two lesions were resected by laparoscopic
left lateral hepatolobectomy and spleen-preserving distal
pancreatectomy. To the best of our knowledge, it is the
first reported case treated by laparoscopic resection. We
also summarized the features of five similar cases with
detailed information reported in the English-language
literature (Table 1).
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CASE REPORT

A

A 68-year-old woman was admitted to our department in
Januray 2012 because of epigastric pain for half a month.
She had no fever, no nausea or vomiting, no hematemesis
or melena, and no weight loss. She underwent open cholecystectomy for gallbladder stones 25 years ago. Physical examination on admission showed no abnormalities.
Blood biochemistry and tumor markers (carcinoembryonic antigen, alpha fetoprotein, carbohydrate antigen
19-9 carbohydrate antigen 153, carbohydrate antigen 125)
were all within normal ranges. Computed tomography
(CT) of the abdomen with intravenous contrast revealed
cystic dilatation of left intrahepatic bile ducts accompanied with stones (Figure 1A) and multiple cystic lesions
in the pancreatic tail (Figure 1B). Magnetic resonance
cholangiopancreato-graphy revealed a diffuse dilated
biliary tract with multiple filling defects in the left lateral
lobe and segmental cystic dilatation of pancreatic duct
in the pancreatic tail (Figure 2). According to the medical history and the imaging findings, left intrahepatic bile
duct stones and pancreatic IPMN was first considered.
Therefore, laparoscopic left lateral hepatolobectomy and
spleen-preserving distal pancreatectomy were performed.
The patient was placed in supine position under general anesthesia. The operator and the second assistant
who held the laparoscope stood on the right side of the
patient and the first assistant stood on the left. Carbon dioxide pneumoperitoneum was established using a Veress
needle to a pressure of 15 mmHg. One initial 10-mm trocar was placed for laparoscope below the umbilicus and
another four trocars (one of 12 mm and three of 5 mm)
were inserted into the left upper, left flank, right upper,
and right flank quadrants, making the five trocars arrange
in a V-shape (Figure 3). During laparoscopic exploration,
severe adhesion in the right upper abdomen because of
the former open cholecystectomy and the atrophy of left
lateral lobe of the liver were found, but without abdominal metastasis.
After dissecting the adhesion, the gastrocolic omentum was divided for entrance to the lesser sac by ultrasonic coagulating shears (Harmonic Ace scalpel, Ethicon
Endo-Surgery, Inc., Cincinnati, OH, United States). The
stomach was reflected cephalad and the tumor was found
in the tail of pancreas. According to the location of the
tumor, the mobilization of the pancreas began at the upper border till the common hepatic artery and the proximal splenic artery were visualized. Then the pancreas was
mobilized dorsally starting at the lower edge to visualize
the splenic vein. Pancreas was transected 2 cm proximal
to the right side of the tumor with an endoscopic linear
staplers (Endocutter 60 staple, white cartridge; Ethicon,
Endo-Surgery, Inc., Cincinnati, OH, United States) and
the pancreatic tail was freely dissected from the splenic
artery and vein by ligation of the small branches connected to the pancreas using small titanium vascular clips
or ultrasonic coagulating shears.
The left lateral lobe of the liver was mobilized by
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Figure 1 Computed tomography scan. A: A cystic dilation of the left intrahepatic bile ducts accompanied with stones; B: Multiple cystic lesions in the
pancreatic tail.

Figure 2 Magnetic resonance cholangiopancreatography reveals diffuse
dilation of biliary tract with multiple filling defects in the left lateral lobe of
the liver and segmental cystic dilation of pancreatic duct in the pancreatic
tail.

dissecting the round, falciform, left coronary and triangular ligaments. Liver parenchyma was also divided
by ultrasonic coagulating shears 1 cm to the left side of
the falciform ligament. The branches of left portal vein,
hepatic artery and hepatic vein on the cut surface were
ligated with hem-o-loks and divided. The dilated bile duct
was cut and stones were found. However, it was surprising that a large amount of mucin outflowed from the bile
duct, which implied the intraductal mucinous tumor. The
common bile duct (CBD) was explored, because it was
dilated to 2 cm. There was no stone but massive mucin.

6511

November 28, 2012|Volume 18|Issue 44|

Xu XW et al . Laparoscopic resection of synchronous IPMNs
Table 1 Summary of previous synchronous intraductal papillary mucinous neoplasms in the liver and pancreas
Source

Sex/age
(yr)

IPMN-b
2

Location Size (cm ) Histology

IPMN-p
CMD

2

MC Location Size (cm )

Joo et al[1]
Ishida et al[2]

M/60
M/67

Yamaguchi et al[3]

M/69 Left lateral 6.5 × 3.5 Malignant
Yes
Yes
lobe
F/65
Left lobe
10 × 10 Malignant Unknown Yes

Zalinski et al[4]
Park et al[5]

Left lobe
Caudate
lobe

1.5 × 1.5
4×3

M/67 Left lateral Unknown
lobe

Benign
Benign

Benign

Yes
Yes

Yes

Yes
Tail
Yes Uncinate
process

Yes

Head
Head
Tail

CMD

MC

Benign
Benign

Yes
Yes

Yes
Yes

Malignant

Yes

Yes

2.5 × 2.5
3.5 × 3

3 × 2.5

Procedure

Histology

Unknown High-grade Unknown Yes
dysplasia
2.5 × 1
Benign
Yes
Yes

LH + DP
LH + Caudate
lobectomy
+segmental
resection of
uncinate process
LLH + PPPD
Unknown
LLH + DP +
splenectomy

CMD: Communicating with main duct; MC: Mucin contained; LH: Left hepatolobectomy; DP: Distal pancreatectomy; LLH: Left lateral hepatolobectomy;
PPPD: Pylorus-preserving pancreaticoduodenectomy; IPMN: Intraductal papillary mucinous neoplasm; M: Male; F: Female.

Surgeon
5 mm

Assistant
5 mm

Surgeon
Assistant
12 mm
5 mm
Camera
10 mm
Pancreas

Figure 3 The location of trocars placement.

Figure 4 Resected specimens of intraductal papillary mucinous neoplasm-b (arrow head) and intraductal papillary mucinous neoplasm-p (arrow).

After inserting a No.24 T-tube, the CBD and bile duct
in the cut surface were closed with a continuous suture
of 3-0 Vicryl. The specimens were removed through the
enlarged subumbilical port (Figure 4).
Intraoperative frozen section confirmed the mucinous tumors of the liver and pancreas and the resection
margins were all negative. The operative time was 250
min and intraoperative bleeding was 150 mL. The postoperative course was uneventful, and the patient was
discharged seven days later. She was followed up by abdominal CT six months later without signs of recurrence.
The gross finding was a 5 cm × 4 cm multiloculated
cystic mass with stones in the left lateral lobe of liver,
communicated with the dilated intrahepatic bile duct.
Furthermore, multiple cystic lesions, ranging from 0.5 cm
to 1.0 cm in diameter, were located in the pancreatic tail,
in communication with the dilated pancreatic duct (Figure
4). All cystic lesions, in both the liver and pancreas, were
filled with gelatinous transparent mucin. Microscopically,
the cystic wall consisted of hyperplastic fibrous tissues
lined by high columnar mucous epithelium demonstrating
papillary growth, but no ovarian-like stroma was identified (Figure 5). There was no evidence of high-grade cellular dysplasia or stroma invasion suggesting malignancy
in either specimen except for focal low-grade atypical
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Liver

hyperplasia of epithelium in the liver lesion. The immunohistochemical staining of the liver lesion showed cytokeratin 7 (CK7): +/-, CK20: +, cadual type homeobox
transcription factor-2 (CDX-2): +, mucin core protein
1 (MUC1): -, mucin core protein 2 (MUC2): + and mucin core protein 5 (MUC5): +, while the pancreas lesion
showed CK7: +, CK20: -, CDX-2: -, MUC1: +, MUC2: and MUC5: +, which were subsequently categorized into
pancreaticobiliary and intestinal subtypes of IPMN.

DISCUSSION
IPMN is a rare but well-established disease, mostly occurs
in the biliary tract or pancreas (IPMN-b or IPMN-p). It
manifests as a cystic lesion in the imaging findings which
make it difficult to differentiate from other cystic tumors
preoperatively, such as cystadenoma or cystadenocarcinoma. The clinicopathological characteristics of IPMN
can be summarized as follows: (1) Communicating with
bile duct or pancreatic duct; (2) Dilated bile duct or
pancreatic duct because of mucin hypersecretion and accumulation; (3) Lack of ovarian-like stroma characteristic
of mucinous cystic tumor; and (4) Papillary proliferation
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A

B

200 mm

1000 mm

D

C

100 mm

500 mm

Figure 5 Histological features of intraductal papillary mucinous neoplasms by hematoxylin and eosin stain. A: Liver, × 20; B: Liver, × 100; C: Pancreas, × 40; D:
Pancreas, × 200.

with delicate fibrovascular cores of ductal epithelium.
The cystic lesions of the liver and pancreas in the present
case possessed all the above characteristics, so a diagnosis
of IPMN-b and IPMN-p was made. We believed that
these two lesions were more likely to be the synchronous
tumors arising in amenable ducts rather than metastasis,
because each lesion was a definite benign tumor without lymph node involvement, and they were grossly and
microscopically separate, without continuity between
them. Besides, the IPMN-b and IPMN-p in the present
case were categorized into different immunophenotypes,
pancreaticobiliary and intestinal subtypes respectively, according to the results of immunohistochemical staining.
Although IPMN is frequently associated with malignancy of other organs, including the stomach, colon,
esophagus and lung, the simultaneous occurrence of
IPMN-b and IPMN-p is extremely rare[6,7]. To the best of
our knowledge, only five such cases have been reported
in the English-language literature and the present case
is the first one treated by total laparoscopic resection[1-5].
Up till now, the origin of simultaneous occurrence of
IPMN-b and IPMN-p is still unclear. However, similar
clinicopathological findings supported the idea that both
tumors might have the same pathogenesis. It was found
that the multiple lesions of IPMN were consistent with
the concept of field cancerization[8], proposed by slaughter[9], which has been invoked to explain the occurrence
of multiple, independent and primary neoplasms[10]. Because the pancreas and the bile duct develop embryonically from the same primordium[11], the present case may
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also fit the concept of field cancerization.
IPMN-b and IPMN-p are slow-growing tumors with
a lower malignant potential than ductal cell carcinoma
and mucinous cystadenocarcinoma[12]. Regional lymph
node metastasis was rarely found in previously reported
cases and excellent prognosis can be expected after complete resection of tumors with negative margins, with a
5-year survival rate higher than 80%[13-15]. Therefore, an
accurate preoperative or intraoperative diagnosis is very
important in this disease to ensure the curative resection.
In contrast to IPMN-p, IPMN-b is more difficult to be
diagnosed because of lacking full recognition, especially
when it is accompanied with stones. Missed diagnosis of
IPMN-b also occurred in our case till massive mucin in
bile duct was found during liver resection. Preoperative
endoscopic retrograde cholangiopancreatography is more
useful than routine CT and magnetic resonance imaging,
for the diagnosis of lesions with the characteristic findings of a patulous ampulla, hypersecreted mucin and diffusely dilated biliary tract.
It has been reported that laparoscopic hepatectomy
or pancreatectomy is safe, valid, and minimally invasive.
However, there are few reports on laparoscopic resection of synchronous liver and pancreatic tumors except
one case of laparoscopic resection of a pancreatic polypeptidoma with solitary liver metastasis[16]. In our case,
two tumors were located separately in the left lateral lobe
of liver and pancreatic tail, making the laparoscopic left
lateral hepatolobectomy and distal pancreatectomy an
optimal choice of treatment for the patient, since the

6513

November 28, 2012|Volume 18|Issue 44|

Xu XW et al . Laparoscopic resection of synchronous IPMNs

complicated lymphadenectomy, hilar dissection and gastrointestinal reconstruction were not needed. The spleen
was preserved, for there was no evidence of malignancy
or splenic vessel invasion according to the imaging findings and intraoperative pathological diagnosis.
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INTRODUCTION
Solitary fibrous tumor (SFT), a rare neoplasm occurring
most often in the visceral pleura, was first described by
Klemperer and Rabin in 1931[1]. Extrathoracic SFT has
been described at almost every anatomic location of the
human body[2-6], but reports of SFT in the abdominal
cavity are rare[7-11]. Five SFT cases involving omentum
have been reported up till December 2011[11-15]. Herein,
we report a rare case of a giant SFT originating from
greater omentum. The final diagnosis of the patient was
established by pathological examination and immunohistochemical study after an open excision of the tumor.

Abstract
Extrathoracic solitary fibrous tumors (SFTs) have been
described at almost every anatomic location of human
body, but reports of SFT in the abdominal cavity are
rare. We herein present a rare case of SFT originating from greater omentum. Computed tomography
revealed a 15.8 cm × 21.0 cm solid mass located at superior aspect of stomach. Open laparotomy confirmed
its mesenchymal origin. Microscopically, its tissue was
composed of non-organized and spindle-shaped cells
exhibiting atypical nuclei, which were divided up by
branching vessel and collagen bundles. Immunohistochemical staining showed that this tumor was negative
for CD117, CD99, CD68, cytokeratin, calretinin, desmin,
epithelial membrane antigen, F8 and S-100, but positive for CD34, bcl-2, α-smooth muscle actin and vimentin. The patient presented no evidence of recurrence
during follow-up. SFT arising from abdominal cavity can
be diagnosed by histological findings and immunohistochemical markers, especially for CD34 and bcl-2 positive cases.

CASE REPORT
A 29-year-old Chinese man was admitted to the Subei
People’s Hospital of Jiangsu Province, China on July 1,
2008. He complained of a mass in the upper abdomen
and a gradual weight loss that started more than four
months ago. He was a farmer. He had remained well until the day before admission, with no fever, no vomiting
and no stomach-ache except for epigastric discomfort
and compression. Physical examination showed a large
abdominal mass lying between xiphoid process of the
sternum and umbilicus without obvious tenderness. No
abnormalities were found in laboratory data including
tumor markers (Table 1). Abdominal contrast-enhanced

© 2012 Baishideng. All rights reserved.
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A

Table 1 Laboratory findings on admission
Tumor markers

Index

CA199 (KU/L)
CA242 (KU/L)
CA125 (KU/L)
CA15-3 (KU/L)
NSE (ng/mL)
CEA (ng/mL)
Ferritin (ng/mL)
β-HCG (MIU/mL)
AFP (ng/mL)
Free-PSA (ng/mL)
PSA (ng/mL)
HGH (ng/mL)

5.47
1.31
2.27
2.28
< 1.0
1.21
27.13
< 0.02
0.88
< 0.22
< 0.04
2.15

Normal range
< 35.00
< 20.00
< 35.00
< 35.00
< 13.00
< 5.00
< 322.00
< 3.00
< 20.00
< 1.00
< 5.00
< 7.50

B

CA: Cancer antigen; NSE: Neuron-specific enolase; CEA: Carcinoembryonic antigen; β-HCG: β-human chorionic gonagotropin; AFP: Alphafetoprotein; PSA: Prostate specific antigen; HGH: Human growth hormone.

Figure 2 Giant tumor. A: A giant tumor originating from greater omentum; B: A
giant tumor originating from resected specimen.

The patient experienced no postoperative complications,
and was discharged 10 d after surgery. During a 48-moSS
follow-up by ultrasonography or CT, there was no evidence of recurrence.

Figure 1 Abdominal computed tomography demonstrating a giant solitary
tumor of 15.8 cm × 21.0 cm in abdominal cavity.

DISCUSSION

computed tomography (CT) showed extrinsic multiorgan compression due to a giant solitary tumor of 15.8
cm × 21.0 cm occupying the majority of abdominal cavity (Figure 1).
Laparotomy was performed and a giant tumor originating from greater omentum was discovered. The tumor
was partly surrounded by greater omentum, and tightly
adhered to the spleen and stomach (Figure 2). Abundant
and extremely expanded blood vessels of greater omentum were present along the surface of tumor, leading
to a blood loss of nearly 2000 mL when the tumor was
totally excised. The excised mass was solitary and tenacious compassed with a complete envelope. The mass
measured 28 cm × 25 cm × 11 cm in size and 5002.4 g
in weight. Microscopically, the excised tumor tissue was
composed of non-organized and spindle-shaped cells exhibiting atypical nuclei, which were divided up by branching vessel and collagen bundles (Figure 3). Immunohistochemical staining showed that the tumor was negative
for CD117, CD99, CD68, cytokeratin, calretinin, desmin,
epithelial membrane antigen, F8 and S-100, but positive
for CD34, bcl-2, α-smooth muscle actin (α-SMA) and vimentin (VIM) (Figure 4). According to the mitotic index,
this case was considered to have a low risk of malignancy.

WJG|www.wjgnet.com

SFT is a rare mesenchymal neoplasm often originating
from the pleura, but occasionally from other parts of the
body, including the peritoneum, mediastium, extremities,
orbit, and parotid gland[1-6]. Intra-abdominal SFT is very
rare; and SFT with the involvement of greater omentum
is even more uncommon. We searched the PubMed and
reviewed the relevant papers published till December
2011, and found only 5 SFT cases involving the omentum[11-15].
SFT is a neoplasm derived from mesenchymal cells
located in the sub-mesothelial lining of the tissue space,
predominantly composed of spindle-shaped cells and
collagen bundles[16]. Approximately 78%-88% of SFTs
are benign and 12%-22% are malignant[17,18]. The clinical
and pathological properties of SFT were first reported
by Klempere et al[1]. The earliest criteria for a judgment
of malignancy of SFT by England et al[19] were (1) high
cellularity with crowding and overlapping of nuclei; (2)
high mitotic activity (more than 4 mitotic figures per
10 high-power fields); and (3) pleomorphism judged
as mild, moderate, or marked based on nuclear size, irregularity, and nucleolar prominence. In addition, some
authors suggested a potential association of tumor size,
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A

B

C

D

Figure 3 Hematoxylin and eosin stained sections. A: Collagen deposition, 10 cm × 10 cm; B: Abundant spindle cells, 10 cm × 10 cm; C: Branching vessel, 10 cm
× 20 cm; D: Nuclear atypia, 10 cm × 20 cm.

A

B

C

D

Figure 4 Immunohistochemical test. Immunohistochemical test showing the tumor was positive for CD34 (A), bcl-2 (B), α-smooth muscle actin (C), and vimentin (D)
(10 cm × 20 cm).
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Table 2 Clinical characteristics of the 5 reported cases of solitary fibrous tumor originating from omentum
Ref.

Site

Age (yr)

Size (cm)

Weight
(kg)

Immunohistochemical analysis
(pos/neg)

Mitotic count

Salem et al[11]

Omentum

60

24 × 19 × 10

3.87

25/10HPF

No

Patriti et al[12]

Greater
omentum
Omentum

24

3.2 × 2.5

NA

3/10HPF

No

40

9

NA

9/10HPF

Yes

Lesser
omentum
Omentum

51

11.5 × 8.5 × 7.5

NA

CD34, CD99/(SMA), desmin,
CD117
CD34, bcl-2/Pan cytokeratin
reaction
CD34, CD99, p16/ EMA,
cytokeratin, S-100, desmin, p53
CD 34/CD117, actin and S-100

0/10HPF

No

NA

NA

NA

NA

NA

NA

Mosquera et al[13]
Ekıcı et al[14]
Gold et al[15]

Local recurrence Status at last
/metastases
follow-up
NED
4 mo
NED
2 yr
DOD
34 mo
NED
10 mo
NA

NA: Not available; Neg: Negative; Pos: Positive; NED: No evidence of disease; DOD: Dead of disease; HPF: High-power fields; EMA: Epithelial membrane
antigen; SMA: Smooth muscle actin.

Table 3 Immunohistochemical indexes for differential diagnosis of mesenchymal tumors

Solitary fibrous tumor
Neurofibroma
Spindle cell lipoma
Synovial sarcoma
Desmoid tumor
Hemangiopericytoma
Malignant peripheral nerve sheath tumor
Sarcomatoid mesothelioma
Schwannoma
Calcifying fibrous pseudotumor
Smooth muscle tumor

CD34

bcl-2

CD99

S-100

Cytokeratin

EMA

Calretinin

Desmin

α-SMA

+
+
+
+
±
±
±
±

+
+
+
+
±
±
+
±

+
±
±
±
±

+
+
+
-

+
±
+
-

+
+
-

+
-

±
+
±
+

±
+
±
+

α-SMA: α-smooth muscle actin; EMA: Epithelial membrane antigen.

hemorrhage and necrosis with the clinical behavior of
SFT[19-21].
We summarized the clinical data of the 5 reported
cases of SFT originating from omentum (Table 2). Of
particular note, mitotic activity and tumor size may play
a key role in predicting SFT. We suggest using risk assessment (very low risk, low risk, intermediate risk, and
high risk) based on tumor size, mitotic activity, cellularity
and pleomorphism to predict SFT behavior, rather than
attempting to draw a sharp line between benign and malignant lesions. More frankly, malignant factors of SFT
are associated with a higher risk for recurrence and metastasis. However, the small sample size limits us to draw
a definite conclusion. And the detailed criteria still need
to be discussed and validated by future studies.
In this case, no mitotic activity and necrosis were
present, and there was low cellularity, resulting in a diagnosis of a possible benign entity according to the benignmalignant system. However, the only existing risk is the
giant size, and multiple prognostic factors should be
taken into account in predicting SFT behavior. In our
opinion, it is reasonable to judge this case to be a low-risk
lesion by clinical presentation, tumor size, mitotic activity,
cellularity and pleomorphism. During a 48-mo followup, no evidence of local recurrence or metastasis was
observed.
In cases of mesenchymal tumor presenting with

WJG|www.wjgnet.com

spindle-cell neoplasm, the differential diagnosis of SFT
should be considered. It is absolutely necessary although
sometimes it is difficult to clearly differentiate it from
other malignant or benign entities such as hemangiopericytoma, neurofibroma, spindle cell lipoma, leiomyoma,
fibrosarcoma, leiomyosarcoma, angiomyolipoma or fibroma (Table 3). Moreover, hemangiopericytoma must be
included into differential diagnosis because of its vascular
pattern. And electron microscopic examination can be
used to exclude the presence of an external lamina, typically observed in hemangiopericytoma. Immunohistochemically, SFTs commonly express CD34 and bcl-2, and
occasionally SMA. They are usually negative for S-100,
desmin and cytokeratins[22,23]. To our knowledge, few tumors of mesenchymal origin can express both CD34 and
bcl-2, which are useful to differentiate SFT from other
mesenchymal tumors, because approximately 82%-95%
and 88%-100% of the SFTs are positive for CD34 and
bcl-2, respectively[24,25]. This report describes a giant SFT
showing immunocytochemical reactivity for CD34, bcl-2,
α-SMA and VIM, which is consistent with the results
reported elsewhere. But what we are really concerned is
how to make an exact diagnosis before operation.
The patients with SFT in abdominal cavity may
complain of vomiting, abdominal pain or discomfort,
but they are mostly asymptomatic. Tumor marker is not
specific and sensitive for SFT. But in some patients with
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the symptom of hypoglycemia, a high expression of serum insulin-like growth factor-Ⅱ (IGF-Ⅱ) was reported,
which was found more in the tumor cystic fluid than in
serum. Consequently, after total resection of the tumor,
no abnormalities were found and the hypoglycemia was
resolved[26,27]. It was concluded that the tumor cells can
secrete IGF-Ⅱ, but the specificity and sensitivity need to
be explored by further studies.
The best available diagnostic modalities are CT scanning and magnetic resonance imaging (MRI), which can
demonstrate a proliferation of fibrous tissues in abdominal cavity and evaluate the relationship between the
tumor and the neighboring structures so as to help the
surgeons make a decision whether or not to excise the tumor. Nevertheless, CT scanning and MRI can not distinguish SFT from other mesenchymal tumors. Therefore,
SFT may be misdiagnosed as stromal tumor as did in our
case because of their homology.
Needle aspiration biopsy for SFT provides inconclusive results because the tumor is composed of acellular
and hypercellular portions and it does not provide enough
tissues for cytologic analysis. Although Apple et al[28] reported that accurate diagnosis could be established by fine
needle aspiration, it still needs further investigation on a
larger series of patients. The rare location of SFT often
gives rise to difficulties in diagnosis or to misdiagnosis
before operation. However, aspiration by Ryle’s tube is a
better option for large tumors and specimens could be
obtained for immunohistochemical test, while for small
tumors, samples can be collected through exploratory
laparotomy for immunohistochemical test, thus a diagnosis can be done before operation.
Surgical treatment including local resection of this
tumor is a definitive choice of treatment. Postoperative
long-term follow-up is very important since SFT may
recur locally. The malignant form pursues an aggressive
course manifested by local invasion, recurrent growth,
or metastasis[29]. Therefore, postoperative chemotherapy
is recommended for malignant SFT. Moreover, half of
malignant SFT cases were positive for c-kit[30] and tyrosine kinase inhibitors, such as imatinib and sunitinib,
which are also effective against gastrointestinal stromal
tumors[31,32], have been used in the treatment of SFT[33].
In summary, we report a rare case of a giant SFT ori
ginating from greater omentum. Abdominal imaging is
helpful in the diagnosis of the tumor. If CT and MRI are
not useful, immunohistochemical test can be performed
in preoperative diagnosis using the tumor samples collected through Ryle’s tube for small tumors and through
exploratory laparotomy for large tumors. Long-term
follow-up is necessary to assess the outcomes of the
treatment, especially for the high-risk SFTs.
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evidence and correct conclusion; and (4) Maximization of the benefits of employees: It is an iron law that a first-class journal is unable to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in
an open, fair and transparent environment, could contribute their
wisdom to edit and publish high-quality articles, thereby realizing the maximization of the personal benefits of editorial board
members, authors and readers, and yielding the greatest social and
economic benefits.

GENERAL INFORMATION

World Journal of Gastroenterology (World J Gastroenterol, WJG, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
weekly, open-access (OA), peer-reviewed journal supported by an
editorial board of 1352 experts in gastroenterology and hepatology from 64 countries.
The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle
that traditional journals possess and usually delays the speed
of the propagation and communication of scientific research
results. The open access model has been proven to be a true approach that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.

Aims and scope
The major task of WJG is to report rapidly the most recent results in basic and clinical research on esophageal, gastrointestinal,
liver, pancreas and biliary tract diseases, Helicobacter pylori, endoscopy and gastrointestinal surgery, including: gastroesophageal
reflux disease, gastrointestinal bleeding, infection and tumors;
gastric and duodenal disorders; intestinal inflammation, microflora and immunity; celiac disease, dyspepsia and nutrition; viral
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver
transplantation, and metabolic liver disease; molecular and cell
biology; geriatric and pediatric gastroenterology; diagnosis and
screening, imaging and advanced technology.

Maximization of personal benefits
The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist, and build an important bridge for communication between
scientists and the public. As we all know, the significance of the
publication of scientific articles lies not only in disseminating and
communicating innovative scientific achievements and academic
views, as well as promoting the application of scientific achievements, but also in formally recognizing the “priority” and “copyright” of innovative achievements published, as well as evaluating
research performance and academic levels. So, to realize these
desired attributes of WJG and create a well-recognized journal, the
following four types of personal benefits should be maximized.
The maximization of personal benefits refers to the pursuit of the
maximum personal benefits in a well-considered optimal manner
without violation of the laws, ethical rules and the benefits of others. (1) Maximization of the benefits of editorial board members:
The primary task of editorial board members is to give a peer review of an unpublished scientific article via online office system to
evaluate its innovativeness, scientific and practical values and determine whether it should be published or not. During peer review,
editorial board members can also obtain cutting-edge information
in that field at first hand. As leaders in their field, they have priority to be invited to write articles and publish commentary articles.
We will put peer reviewers’ names and affiliations along with the
article they reviewed in the journal to acknowledge their contribution; (2) Maximization of the benefits of authors: Since WJG is
an open-access journal, readers around the world can immediately
download and read, free of charge, high-quality, peer-reviewed
articles from WJG official website, thereby realizing the goals and
significance of the communication between authors and peers as
well as public reading; (3) Maximization of the benefits of readers:
Readers can read or use, free of charge, high-quality peer-reviewed
articles without any limits, and cite the arguments, viewpoints,
concepts, theories, methods, results, conclusion or facts and data
of pertinent literature so as to validate the innovativeness, scientific
and practical values of their own research achievements, thus ensuring that their articles have novel arguments or viewpoints, solid
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Columns
The columns in the issues of WJG will include: (1) Editorial: To
introduce and comment on major advances and developments in
the field; (2) Frontier: To review representative achievements, comment on the state of current research, and propose directions for
future research; (3) Topic Highlight: This column consists of three
formats, including (A) 10 invited review articles on a hot topic, (B)
a commentary on common issues of this hot topic, and (C) a commentary on the 10 individual articles; (4) Observation: To update
the development of old and new questions, highlight unsolved
problems, and provide strategies on how to solve the questions;
(5) Guidelines for Basic Research: To provide guidelines for basic
research; (6) Guidelines for Clinical Practice: To provide guidelines
for clinical diagnosis and treatment; (7) Review: To review systemically progress and unresolved problems in the field, comment
on the state of current research, and make suggestions for future
work; (8) Original Article: To report innovative and original findings in gastroenterology; (9) Brief Article: To briefly report the
novel and innovative findings in gastroenterology and hepatology;
(10) Case Report: To report a rare or typical case; (11) Letters to the
Editor: To discuss and make reply to the contributions published
in WJG, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment on
quality monographs of gastroenterology and hepatology; and (13)
Guidelines: To introduce consensuses and guidelines reached by
international and national academic authorities worldwide on basic
research and clinical practice gastroenterology and hepatology.
Name of journal
World Journal of Gastroenterology
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ISSN and EISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects (n).
Losses in observations, such as drop-outs from the study should
be reported; (4) Values such as ED50, LD50, IC50 should have
their 95% confidence limits calculated and compared by weighted
probit analysis (Bliss and Finney); and (5) The word ‘significantly’
should be replaced by its synonyms (if it indicates extent) or the P
value (if it indicates statistical significance).

Editor-in-Chief
Ferruccio Bonino, MD, PhD, Professor of Gastroenterology,
Director of Liver and Digestive Disease Division, Department of
Internal Medicine, University of Pisa, Director of General Medicine
2 Unit University Hospital of Pisa, Via Roma 67, 56124 Pisa, Italy

Conflict-of-interest statement
In the interests of transparency and to help reviewers assess any
potential bias, WJG requires authors of all papers to declare any
competing commercial, personal, political, intellectual, or religious
interests in relation to the submitted work. Referees are also asked
to indicate any potential conflict they might have reviewing a
particular paper. Before submitting, authors are suggested to read
“Uniform Requirements for Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting
of Research: Conflicts of Interest” from International Committee
of Medical Journal Editors (ICMJE), which is available at: http://
www.icmje.org/ethical_4conflicts.html.
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding
from [names of organization]. [Name of individual] is an employee of [name of organization]. [Name of individual] owns stocks
and shares in [name of organization]. [Name of individual] owns
patent [patent identification and brief description].

Myung-Hwan Kim, MD, PhD, Professor, Head, Department
of Gastroenterology, Director, Center for Biliary Diseases, University
of Ulsan College of Medicine, Asan Medical Center, 388-1 Pungnap2dong, Songpa-gu, Seoul 138-736, South Korea
Kjell Öberg, MD, PhD, Professor, Department of Endocrine
Oncology, Uppsala University Hospital, SE-751 85 Uppsala, Sweden
Matt D Rutter, MBBS, MD, FRCP, Consultant Gastroenterologist, Senior Lecturer, Director, Tees Bowel Cancer Screening Centre,
University Hospital of North Tees, Durham University, Stocktonon-Tees, Cleveland TS19 8PE, United Kingdom
Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of
Medicine, Chief Gastroenterology, VA Long Beach Health Care
System, University of California, Irvine, CA, 5901 E. Seventh Str.,
Long Beach, CA 90822, United States
Editorial office
World Journal of Gastroenterology
Editorial Department: Room 903, Building D,
Ocean International Center,
No. 62 Dongsihuan Zhonglu,
Chaoyang District, Beijing 100025, China
E-mail: wjg@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-59080039
Fax: +86-10-85381893

Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).

Indexed and abstracted in
Current Contents®/Clinical Medicine, Science Citation Index
Expanded (also known as SciSearch®), Journal Citation Reports®,
Index Medicus, MEDLINE, PubMed, PubMed Central, Digital
Object Identifier, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2011 Impact Factor: 2.471 (32/74 Gastroenterology and Hepatology).

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical Trials;
UK Medicines Research Council Guidelines for Good Clinical
Practice in Clinical Trials) and/or the World Medical Association
Declaration of Helsinki. Generally, we suggest authors follow
the lead investigator’s national standard. If doubt exists whether
the research was conducted in accordance with the above standards, the authors must explain the rationale for their approach
and demonstrate that the institutional review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints
of the authors except where indicated otherwise.
Biostatistical editing
Statistical review is performed after peer review. We invite an expert in Biomedical Statistics to evaluate the statistical method used
in the paper, including t-test (group or paired comparisons), chisquared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
etc. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
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of the version to be published. Authors should meet conditions 1,
2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online. For assistance, authors encountering problems with the Online Submission System may send an email describing the problem to wjg@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g. Telephone: +86-10-59080039 Fax: +86-10-85381893
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis
and interpretation of data; (2) drafting the article or revising it
critically for important intellectual content; and (3) final approval
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Text
For articles of these sections, original articles and brief articles, the main text should be structured into the following sections: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm.

cording to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability[1,2]”. If references are cited
directly in the text, they should be put together within the text, for
example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself.
File names should identify the figure and panel. Avoid layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the printed and E-versions.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be
used in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.
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Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).

Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic
numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
Examples for paper writing
Editorial: http://www.wjgnet.com/1007-9327/g_info_20100315
220036.htm
Frontier: http://www.wjgnet.com/1007-9327/g_info_20100315
220305.htm
Topic highlight: http://www.wjgnet.com/1007-9327/g_info_20
100315220601.htm
Observation: http://www.wjgnet.com/1007-9327/g_info_201003
12232427.htm
Guidelines for basic research: http://www.wjgnet.com/1007-93
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INTRODUCTION

Abstract

While the incidence of most cancers is declining, esophageal cancer has been continuing its march as the fastest
growing malignancy in the Western world[1,2]. This rise
is largely derived from gastroesophageal reflux disease
(GERD), which is associated with the proliferation of
obesity. The continuous growth of the obese population
foreshadows a future increase of GERD and its associated esophageal cancer. This demands immediate and more
rigorous research on the molecular mechanisms of this
common disease and its pathways which lead to esophageal malignancy. Current GERD treatment mainly relies
on acid suppression drugs which have not been proved
to change the risk of cancer development. Although the
debate is still going on whether gastric acid or bile acid is
ultimately responsible for GERD malignancy, based on
the data from human studies, animal modeling, and in vitro
simulation, perhaps it is time to explore other options.

Esophageal cancer is mainly found in Asia and east
Africa and is one of the deadliest cancers in the world.
However, it has not garnered much attention in the
Western world due to its low incidence rate. An increasing amount of data indicate that esophageal cancer, particularly esophageal adenocarcinoma, has been rising by
6-fold annually and is now becoming the fastest growing
cancer in the United States. This rise has been associated with the increase of the obese population, as abdominal fat puts extra pressure on the stomach and causes
gastroesophageal reflux disease (GERD). Long standing
GERD can induce esophagitis and metaplasia and, ultimately, leads to adenocarcinoma. Acid suppression has
been the main strategy to treat GERD; however, it has
not been proven to control esophageal malignancy effectively. In fact, its side effects have triggered multiple
warnings from regulatory agencies. The high mortality
and fast growth of esophageal cancer demand more
vigorous efforts to look into its deeper mechanisms and
come up with better therapeutic options.

STATISTICS OF ESOPHAGEAL CANCER:
RISING NUMBERS
Cancer is the second leading cause of death in the world[3]

© 2012 Baishideng. All rights reserved.
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Diabetes 3.65%

Traffic accidents 3.51%

Tuberculosis 3.90%

Leukemia 3.91%
Non-Hodgkin lymphoma
3.98%
Urinary 5.93%

Heart diseases 21.09%

AIDS 5.16%
Diarrhea 7.16%

Oral 3.41%
Lung 21.84%

Esophagus 6.51%

Lung diseases
9.53%

Liver 10.42%
Cancer 18.04%

Pneumonia 10.07%

Prostate 18.01%

Stomach 12.77%
Stroke 17.88%

Colorectal 13.23%

Figure 1 Top 10 leading causes of death worldwide. Cancer is the second
highest one. Data extracted from World Health Organization documents. AIDS:
Acquired immune deficiency syndrome.

Thyroid 3.70%

Non-Hodgkin lymphoma 3.55%

Ovary 5.12%
Liver 5.13%

after heart disease (21.09%), contributing 18.04% to the
total number of deaths worldwide (Figure 1). Among all
types of cancers, skin cancer is the most common one,
which includes 2-3 million non-melanoma and 132 000
melanoma cases diagnosed each year, making up one
third of the total cancer cases. According to Skin Cancer
Foundation Statistics, one in every five Americans will
develop skin cancer in their lifetime. This prevalence is
largely due to depletion of ozone in the atmosphere,
which weakens our planet’s protective shield from the
brunt of the sun’s harmful rays. It is estimated that every
10% decrease in ozone levels will generate an additional
300 000 non-melanoma and 4500 melanoma cancer
cases. However, the majority of skin cancer can be easily
treated, while digestive cancers, such as esophageal cancer, are highly life-threatening.
Esophageal cancer is found more commonly in males
than in females, with a ratio of approximately 7:1. Currently, it is the 7th leading cancer in men globally, contributing 6.51% to the total number of male cancer cases
(Figure 2). There are two main subtypes of esophageal
cancer: esophageal squamous cell carcinoma (ESCC)
and esophageal adenocarcinoma (EAC). ESCC occurs
most often in the middle portion of the esophagus and
accounts for 90%-95% of all cases of esophageal cancer
worldwide, while EAC is primarily found in the lower
esophagus. The type and incidence of esophageal cancer
varies dramatically depending on the geographical location (Figure 3). The top 10 countries with the highest
age-standardized death rate due to esophageal cancer are
Nauru (30.3), Sao Tome (26.4), Mongolia (18.6), South
Africa (18.2), Malawi (18.2), China (15.5), Lesotho (15.5),
Kenya (13.9), Mozambique (13.5) and Uganda (13.4)
(the death rate being deaths per 100 000 people). The
highest rates are found in Asia, stretching from northern
Iran through the central Asian republics to north-central
China, often referred to as the “esophageal cancer belt”.
For instance, in China, the majority of esophageal cancer
diagnoses are ESCC and it is ranked as the 8th leading
cause of death nationwide (Table 1), mostly in northern

WJG|www.wjgnet.com

Breast 31.42%

Uterus 6.52%

Stomach 7.92%

Lung 11.66%

Colorectal 12.95%
Cervical 12.03%

Figure 2 Top 10 of the most common cancers in men (up) and women
(below) worldwide. Esophageal cancer is No. 7 in men. Data extracted from
World Health Organization documents.

China where the incidence rate can be as high as 800 cases per 100 000 people. On the other hand, in the United
States, more than 50% of esophageal cancer cases are
EAC, and the rate is less than 5 in 100 000, making it the
29th leading cause of death. For this reason, esophageal
cancer is not even on the current list of common cancers
in the United States, according to the National Cancer
Institute. In order to be on the list, esophageal cancer
has to have at least 40 000 cases a year, while the current
estimate for 2012 is only 17 460. Although the reason for
this geographic variation still needs investigation, several
factors have been suggested that might all contribute to
the issue to a certain degree, such as Helicobacter infection,
dietary pattern, and life habits[4]. As Eastern and Western
countries become increasingly open to each other and
people adapt more to each other, we expect this discrepancy will become less and less. As evident in China, EAC
incidence was doubled from the 1970s to the 1980s, according to an examination of the medical records of
esophageal cancer patients diagnosed from 1970 to 2001
in a local hospital[5].
These numbers only tell one side of the story. Based
on the annual reports on the status of cancer[1,2], although
esophageal cancer is low in Americans, it has been rising
by 6-fold annually and its increase rate now exceeds that
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High

Low

Death rate per 100 000

Figure 3 Geographic distribution of esophageal cancer. China is a hot spot. Data from World Health Organization documents.
Human

denal contents) to back up into the esophagus. The refluxate erodes the epithelial lining of the lower esophagus
and gives a burning sensation in the middle of the chest,
which is commonly described as “heartburn”. Patients
with long standing GERD can develop esophagitis, an
inflammation characterized histologically by a markedly
thickened epithelium, elongation of the lamina propria
papillae into the epithelium, and basal cell hyperplasia
(Figure 4). Over time, this inflammation/injury cycle can
induce esophageal mucosa transformation from squamous to a more protective intestinal columnar phenotype, known as Barrett’s esophagus (BE). From a physiological point of view, the secretory columnar epithelium
is better prepared to withstand the erosive action of the
acidic refluxate than squamous epithelium; however, this
metaplastic change confers an increased risk of transformation to EAC. Studies have shown that people with BE
can have as high as a 400-fold increased risk of EAC[9,10].
Today, over 60% of Americans experience occasional episodes of acid reflux, and about 25% deal with the problem on a weekly basis. The prevalence of the condition in
Americans is increasing by approximately 5% annually[11].
Hospitalizations for all GERD-caused esophageal disorders doubled from 1998 to 2005, according to the United
States Agency for Healthcare Research and Quality.

Rat

Figure 4 Gastroesophageal reflux disease-induced esophagitis in human
and rat (hematoxylin and eosin staining). Gastroesophageal reflux disease
rats were created by surgically anastomosing the duodenum to the gastroesophageal junction. These rats can develop esophageal adenocarcinoma within a
year, in a pathological sequence similar to human esophageal malignancy.

for any other type of cancer. There are several possible
reasons for this rise, such as excessive alcohol consumption, smoking, stress, and a diet low in vegetables, but
the leading factor is GERD, a term that frequently appears in the media as well as in general conversations. A
recent study showed that GERD increases the risk of
esophageal cancer by 8.6 fold[6].

OBESITY: THE DEVIL

GERD: NOT A SMALL PROBLEM

The rise in GERD is associated with the rapidly growing
obese population[12], which is usually measured by body
mass index (BMI). BMI is calculated based on the weight
and height of a person [BMI = weight/(height)2, kg/m2].
The World Health Organization regards a BMI of less
than 18.5 as underweight and may indicate malnutrition,
an eating disorder, or other health problems, while a BMI
greater than 25 is considered overweight and above 30 is
considered obese. A recent study showed that global obe-

GERD is the most common gastrointestinal diagnosis
given during office visits and its direct medical costs,
which primarily include drug costs, exceed $10 billion a
year in the United States[7], whereas indirect costs resulting from reduced work productivity are estimated to be
as much as $75 billion a year[8]. GERD occurs when the
esophageal sphincter at the bottom of the esophagus
weakens and allows stomach acid (often mixed with duo-
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Table 1 Top 10 leading causes of death in China vs the United States
Rank
1
2
3
4
5
6
7
8
9
10

China

United States

Diseases

Deaths

Death rate (%)

Diseases

Deaths

Death rate (%)

Stroke
Lung disease
Coronary heart disease
Lung cancers
Liver cancer
Stomach cancer
Road traffic accidents
Esophageal cancer
Other injuries
Hypertension

2 125 802
1 287 089
1 040 692
460 856
380 491
354 829
292 481
212 537
209 836
205 689

23.92
14.48
11.71
5.19
4.28
3.99
3.29
2.39
2.36
2.31

Coronary heart disease
Alzheimer/dementia
Lung cancers
Stroke
Lung disease
Diabetes mellitus
Colorectal cancers
Hypertension
Pneumonia
Kidney disease

445 864
172 765
165 402
146 664
130 808
75 280
62 592
62 156
57 722
50 889

21.42
8.30
7.95
7.05
6.29
3.62
3.01
2.99
2.77
2.45

Esophageal cancer is the No. 8 killer in China, while in the United States, it is No. 29. Here the death rate is the percentage of the total deaths nationwide.
Data from World Health Organization, World Bank and National Institute of Health.

sity rates have doubled since 1980[13]. The health care costs
resulting from excess weight are estimated at greater than
$100 billion annually in the United States. According to
the report released last year from the Centers for Disease
Control and Prevention, more than 34% of adult Americans are obese, which is higher than Canadians (24%). It
is predicted that by the year 2020, 77.6% of men will be
overweight and 40.2% obese; the corresponding figures
for women will be 71.1% and 43.3%, respectively[14]. This
problem has also affected children, whose obesity rate has
tripled in the last 30 years[15]. At the time of writing, 15.5%
of children in the United States are obese. A recent study
with a study population of 690 321 patients (age: 2-19
years) revealed that obese children have a 30%-40% higher risk of GERD, compared with children with a normal
weight according to their BMI (BMI = 20 ± 3.8 kg/m2)[16].
In adults, the situation is worse. In 2007, a study showed
that the total number of GERD episodes was 48% higher
in obese patients than those with a normal BMI[17]. The
link between increasing BMI and the presence of GERD
was further strengthened by a meta-analysis of 20 independent studies, which established a dose-dependent association between these two conditions[18]. A similar connection has also been drawn between increasing BMI and
esophageal cancer[19-23].
The precise pathophysiological pathway from obesity to GERD has not been fully elucidated. It has been
shown that excess fat in the abdominal area can push
on the stomach’s contents to back up, relax the lower
esophagus muscle[24,25], disable the esophageal motor[26],
impair stomach accommodations[27], and ultimately result
in a higher frequency of esophageal acid exposure[12,28,29].
Therefore, a potential causal pathway from body size
to esophageal cancer may be from normal to GERD
to esophagitis to BE, and ultimately to EAC. In such
a direct pathway, obesity could act by increasing the
prevalence of GERD, by increasing the prevalence of
BE among the GERD population, or by enhancing the
risk of malignant transformation from BE to EAC. Although obesity is a major contributor, other factors (e.g.,
smoking, drinking, diet, or genetics) may also influence
the steps on this pathway. For example, GERD smokers

WJG|www.wjgnet.com

were found to have 12.3-fold higher risk of developing
EAC than GERD non-smokers[6]. While the issue is quite
complex, since the main pathway starts with GERD, interventions aimed at GERD should be expected to proportionally lower the risk of the subsequent steps in the
pathway: BE and EAC.

TREATMENT: NO WINNERS
Current treatment for GERD patients includes acid suppressive medications and lower esophageal repair surgery. Aside from traditional antacids (Alka-Seltzer and
Tums) which have side effects such as diarrhea and constipation, there are now two categories of medications
to treat GERD. H-2 blockers (e.g., Zantac 75, Pepcid
AC, Tagamet HB and Axid AR) reduce the amount of
histamine-2, which produces acid in the stomach, and
are recommended for people with less frequent/severe
heartburn. A second medication is the proton pump inhibitors or proton pump inhibitors (PPIs) (e.g., Prilosec,
Prevacid, Protonix and Nexium), which directly shuts
down the H+/K+ ATPase pump of the parietal cells in
the stomach that produce acid. These drugs are stronger than H2 blockers and are recommended for people
with more persistent/acute symptoms. Control of acid
reflux with PPIs has been found extremely effective for
healing reflux esophagitis, but not for prevention of
BE development or its progression to EAC. As matter
of fact, more and more evidence is emerging about the
long-term side-effects associated with these drugs, such
as decreased absorption of vitamins/minerals[30], susceptibility to bacterial infections[31], bone fracture[32], and
even elevated risk of developing EAC[6,33]. The Food and
Drug Administration of the United States has issued
warnings repeatedly over the years on high-dose or longterm use of PPIs.
For people who have responded to medication but
continue to experience GERD symptoms, surgery to
reconstruct the lower esophageal sphincter is usually an
option. However, only about 5% of GERD patients undergo surgery and a follow-up study showed that almost
two-thirds of the surgical patients were back on medica-
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times even in millimolar concentrations. In addition to
human studies and animal modeling, in vitro experiments
have shown that bile acids, at equivalent concentrations
to the ones found in the esophagus of GERD patients,
can stimulate esophageal epithelial cells to produce
inflammatory cytokines and chemokines, to generate
reactive oxygen species, and to express intestinal genes.
All these factors have the ability to facilitate esophageal
epithelial metaplasia and even malignancy.

Liver 3.27% Esophageal 0.39%
Pancreatic 4.95%
Cervical 5.25%
Breast 31.57%

Ovarian 6.09%

Lung 9.76%

Brain 12.36%

CONCLUSION

Colorectal 13.82%

Although skin cancer is the most common cancer in
the world, 95% of cases are either basal cell carcinoma
or squamous cell carcinoma, which have less than 0.5%
mortality. Even for the most deadly type of skin cancer melanoma, which is very rare - the death rate is only about
15%. So is prostate cancer, the second most common
cancer in the United States. On the other hand, although
esophageal cancer patients have a mortality rate of approximately 85%, since it is less common than either skin
cancer or prostate cancer, it receives little attention from
government agencies or the research community. This can
be seen by looking at the annual budget of the National
Institute of Health (NIH) of the United States. In 2011,
the NIH spent $284 million on 772 prostate cancer research projects, while only funding 30 esophageal cancer
studies with $13 million (Figure 5). Through this article,
we hope to attract attention to this disease since, due to its
high mortality and fast growth, esophageal cancer could
be catastrophic in the near future if we do not prepare
ourselves with the proper knowledge.

Prostate 12.54%

Figure 5 National Institute of Health expenditure on cancer-related studies in 2011. Esophageal cancer barely shows on the pie chart. Data from National Institute of Health documents.

tion[34]. A more recent study reported that although surgical
therapy achieved better remission of GERD symptoms
than Prilosec, 36% of surgical-treated GERD patients
ultimately received PPI medication, while 14% of PPItreated GERD patients underwent subsequent surgery[35].
One final way to treat GERD is through endoscopic
procedures, including stitching or using radio-frequency
waves to reconstruct the lower esophageal sphincter, but
in 2002 this was not recommended by the American Gastroenterological Association for GERD treatment.

CAUSE OF EAC: ACID OR BILE? WHAT
TO BLAME?
The inadequacy of treatment options raises the question on the real scientific basis of acid suppression in
GERD treatment. A direct chemical analysis of esophageal fluid showed that GERD patients contain about
10 times more bile acid in their lower esophagus than
normal people[36]. This might give us a clue as to why
regular use of acid suppressants has not lowered the risk
of GERD malignancy. In support of this notion, animal
studies showed that gastric reflux alone does not cause
EAC at all; it is the duodenal contents per se that ultimately lead to esophageal malignancy[37-39]. Furthermore,
some animal studies even suggested that gastric acid
may play a protective role in GERD against malignancy.
For example, one study showed that 87% of rats with
surgically-created duodenal reflux alone developed EAC,
while the percentage of rats with gastric-duodenal reflux
was only 30%[40]. In agreement with the animal studies,
a recent systematic review[41,42] examined publications
indexed in MEDLINE from 1950 to 2010, and found 82
original human studies on the association of bile acids
with GERD, among which, all in vivo studies detected
bile acids in the esophageal aspirates of GERD patients,
and what’s more, their concentrations were significantly
higher than in normal people. It is clear that the refluxate
of GERD patients frequently contains bile acids, some-

WJG|www.wjgnet.com

REFERENCES
1

2

3
4

5
6

7

6525

Edwards BK, Ward E, Kohler BA, Eheman C, Zauber AG,
Anderson RN, Jemal A, Schymura MJ, Lansdorp-Vogelaar
I, Seeff LC, van Ballegooijen M, Goede SL, Ries LA. Annual
report to the nation on the status of cancer, 1975-2006, featuring colorectal cancer trends and impact of interventions
(risk factors, screening, and treatment) to reduce future
rates. Cancer 2010; 116: 544-573
Kohler BA, Ward E, McCarthy BJ, Schymura MJ, Ries LA,
Eheman C, Jemal A, Anderson RN, Ajani UA, Edwards BK.
Annual report to the nation on the status of cancer, 1975-2007,
featuring tumors of the brain and other nervous system. J
Natl Cancer Inst 2011; 103: 714-736
Global Cancer Facts and Figures. 2nd ed. American Cancer
Society, 2008
Chen MJ, Lee YC, Chiu HM, Wu MS, Wang HP, Lin JT.
Time trends of endoscopic and pathological diagnoses related to gastroesophageal reflux disease in a Chinese population: eight years single institution experience. Dis Esophagus
2010; 23: 201-207
Zhang H, Chen SH, Li YM. Epidemiological investigation
of esophageal carcinoma. World J Gastroenterol 2004; 10:
1834-1835
Pandeya N, Webb PM, Sadeghi S, Green AC, Whiteman
DC. Gastro-oesophageal reflux symptoms and the risks of
oesophageal cancer: are the effects modified by smoking,
NSAIDs or acid suppressants? Gut 2010; 59: 31-38
Shaheen NJ, Hansen RA, Morgan DR, Gangarosa LM,
Ringel Y, Thiny MT, Russo MW, Sandler RS. The burden of

December 7, 2012|Volume 18|Issue 45|

Chai J et al . Esophageal malignancy

8
9
10
11
12
13

14
15

16

17
18
19
20

21

22

23

24
25

gastrointestinal and liver diseases, 2006. Am J Gastroenterol
2006; 101: 2128-2138
Wahlqvist P, Reilly MC, Barkun A. Systematic review: the
impact of gastro-oesophageal reflux disease on work productivity. Aliment Pharmacol Ther 2006; 24: 259-272
Lagergren J. Adenocarcinoma of oesophagus: what exactly
is the size of the problem and who is at risk? Gut 2005; 54
Suppl 1: i1-i5
Corley DA. Obesity and the rising incidence of oesophageal
and gastric adenocarcinoma: what is the link? Gut 2007; 56:
1493-1494
El-Serag HB. Time trends of gastroesophageal reflux disease: a systematic review. Clin Gastroenterol Hepatol 2007; 5:
17-26
Pandolfino JE, El-Serag HB, Zhang Q, Shah N, Ghosh SK,
Kahrilas PJ. Obesity: a challenge to esophagogastric junction
integrity. Gastroenterology 2006; 130: 639-649
Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK,
Paciorek CJ, Singh GM, Gutierrez HR, Lu Y, Bahalim AN,
Farzadfar F, Riley LM, Ezzati M. National, regional, and
global trends in body-mass index since 1980: systematic
analysis of health examination surveys and epidemiological
studies with 960 country-years and 9.1 million participants.
Lancet 2011; 377: 557-567
Ruhm CJ. Current and Future Prevalence of Obesity and
Severe Obesity in the United States. Forum for Health Economics and Policy 2007; 10: 1-26
Pashankar DS, Corbin Z, Shah SK, Caprio S. Increased
prevalence of gastroesophageal reflux symptoms in obese
children evaluated in an academic medical center. J Clin
Gastroenterol 2009; 43: 410-413
Koebnick C, Getahun D, Smith N, Porter AH, Der-Sarkissian JK, Jacobsen SJ. Extreme childhood obesity is associated with increased risk for gastroesophageal reflux disease
in a large population-based study. Int J Pediatr Obes 2011; 6:
e257-e263
El-Serag HB, Ergun GA, Pandolfino J, Fitzgerald S, Tran T,
Kramer JR. Obesity increases oesophageal acid exposure.
Gut 2007; 56: 749-755
Corley DA, Kubo A. Body mass index and gastroesophageal reflux disease: a systematic review and meta-analysis.
Am J Gastroenterol 2006; 101: 2619-2628
Lagergren J, Bergström R, Nyrén O. Association between
body mass and adenocarcinoma of the esophagus and gastric cardia. Ann Intern Med 1999; 130: 883-890
Wu AH, Wan P, Bernstein L. A multiethnic populationbased study of smoking, alcohol and body size and risk of
adenocarcinomas of the stomach and esophagus (United
States). Cancer Causes Control 2001; 12: 721-732
Engeland A, Tretli S, Bjørge T. Height and body mass index
in relation to esophageal cancer; 23-year follow-up of two
million Norwegian men and women. Cancer Causes Control
2004; 15: 837-843
Kubo A, Corley DA. Body mass index and adenocarcinomas of the esophagus or gastric cardia: a systematic review
and meta-analysis. Cancer Epidemiol Biomarkers Prev 2006; 15:
872-878
Merry AH, Schouten LJ, Goldbohm RA, van den Brandt PA.
Body mass index, height and risk of adenocarcinoma of the
oesophagus and gastric cardia: a prospective cohort study.
Gut 2007; 56: 1503-1511
Crookes PF. Physiology of reflux disease: role of the
lower esophageal sphincter. Surg Endosc 2006; 20 Suppl 2:
S462-S466
Wu JC, Mui LM, Cheung CM, Chan Y, Sung JJ. Obesity
is associated with increased transient lower esophageal

26
27

28
29
30
31

32
33

34

35

36

37

38
39

40

41

42

sphincter relaxation. Gastroenterology 2007; 132: 883-889
Koppman JS, Poggi L, Szomstein S, Ukleja A, Botoman A,
Rosenthal R. Esophageal motility disorders in the morbidly
obese population. Surg Endosc 2007; 21: 761-764
Iovino P, Angrisani L, Galloro G, Consalvo D, Tremolaterra
F, Pascariello A, Ciacci C. Proximal stomach function in obesity with normal or abnormal oesophageal acid exposure.
Neurogastroenterol Motil 2006; 18: 425-432
Nilsson M, Johnsen R, Ye W, Hveem K, Lagergren J. Obesity and estrogen as risk factors for gastroesophageal reflux
symptoms. JAMA 2003; 290: 66-72
El-Serag HB, Kvapil P, Hacken-Bitar J, Kramer JR. Abdominal obesity and the risk of Barrett’s esophagus. Am J Gastroenterol 2005; 100: 2151-2156
Evenepoel P. Alteration in digestion and absorption of nutrients during profound acid suppression. Best Pract Res Clin
Gastroenterol 2001; 15: 539-551
Howell MD, Novack V, Grgurich P, Soulliard D, Novack
L, Pencina M, Talmor D. Iatrogenic gastric acid suppression
and the risk of nosocomial Clostridium difficile infection.
Arch Intern Med 2010; 170: 784-790
Yang YX, Lewis JD, Epstein S, Metz DC. Long-term proton
pump inhibitor therapy and risk of hip fracture. JAMA 2006;
296: 2947-2953
Leedham S, Jankowski J. The evidence base of proton pump
inhibitor chemopreventative agents in Barrett’s esophagus-the good, the bad, and the flawed! Am J Gastroenterol 2007;
102: 21-23
Spechler SJ, Lee E, Ahnen D, Goyal RK, Hirano I, Ramirez
F, Raufman JP, Sampliner R, Schnell T, Sontag S, Vlahcevic
ZR, Young R, Williford W. Long-term outcome of medical
and surgical therapies for gastroesophageal reflux disease:
follow-up of a randomized controlled trial. JAMA 2001; 285:
2331-2338
Lundell L, Miettinen P, Myrvold HE, Hatlebakk JG, Wallin L, Engström C, Julkunen R, Montgomery M, Malm A,
Lind T, Walan A. Comparison of outcomes twelve years
after antireflux surgery or omeprazole maintenance therapy
for reflux esophagitis. Clin Gastroenterol Hepatol 2009; 7:
1292-1298; quiz 1260
Kauer WK, Peters JH, DeMeester TR, Feussner H, Ireland
AP, Stein HJ, Siewert RJ. Composition and concentration of
bile acid reflux into the esophagus of patients with gastroesophageal reflux disease. Surgery 1997; 122: 874-881
Miwa K, Sahara H, Segawa M, Kinami S, Sato T, Miyazaki
I, Hattori T. Reflux of duodenal or gastro-duodenal contents
induces esophageal carcinoma in rats. Int J Cancer 1996; 67:
269-274
Omura N, Kashiwagi H, Chen G, Suzuki Y, Yano F, Aoki
T. Establishment of surgically induced chronic acid reflux
esophagitis in rats. Scand J Gastroenterol 1999; 34: 948-953
Miyashita T, Ohta T, Fujimura T, Ninomiya I, Fushida S,
Hattori T, Miwa K. Duodenal juice stimulates oesophageal
stem cells to induce Barrett’s oesophagus and oesophageal
adenocarcinoma in rats. Oncol Rep 2006; 15: 1469-1475
Ireland AP, Peters JH, Smyrk TC, DeMeester TR, Clark GW,
Mirvish SS, Adrian TE. Gastric juice protects against the
development of esophageal adenocarcinoma in the rat. Ann
Surg 1996; 224: 358-370; discussion 370-371
McQuaid KR, Laine L, Fennerty MB, Souza R, Spechler SJ.
Systematic review: the role of bile acids in the pathogenesis
of gastro-oesophageal reflux disease and related neoplasia.
Aliment Pharmacol Ther 2011; 34: 146-165
Thompson R. Upper gastrointestinal tract: Bile acids may
have a role in GERD and related neoplasia. Nat Rev Gastroenterol Hepatol 2011; 8: 419
S- Editor Wu X

WJG|www.wjgnet.com

6526

L- Editor Rutherford A E- Editor Li JY

December 7, 2012|Volume 18|Issue 45|

World J Gastroenterol 2012 December 7; 18(45): 6527-6531
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v18.i45.6527

© 2012 Baishideng. All rights reserved.

FIELD OF VISION

Does antecolic reconstruction decrease delayed gastric
emptying after pancreatoduodenectomy?
Nadia Peparini, Piero Chirletti
Nadia Peparini, Azienda Sanitaria Locale Roma H, 00043
Rome, Italy
Piero Chirletti, Department of Surgical Sciences, Sapienza University of Rome, 00161 Rome, Italy
Author contributions: Peparini N conceived and drafted the
manuscript, critically revised the manuscript and gave the final
approval; Chirletti P critically revised the manuscript and gave
its final approval.
Correspondence to: Nadia Peparini, MD, PhD, Azienda
Sanitaria Locale Roma H, via Mario Calò, 5-Ciampino, 00043
Rome, Italy. nadiapeparini@yahoo.it
Telephone: +39-339-2203940 Fax: +39-765-488423
Received: September 17, 2012 Revised: November 4, 2012
Accepted: November 11, 2012
Published online: December 7, 2012

© 2012 Baishideng. All rights reserved.

Key words: Antecolic reconstruction; Retrocolic reconstruction; Pancreatoduodenectomy; Pylorus-preserving
pancreatoduodenectomy; Delayed gastric emptying
Peer reviewers: Mohamed Hassan, PhD, Laboratory for Mo-

leculat Tumour Therapy, Department of Dermatology, University Hospital of Duesseldorf, Mooren Str. 5, 40225 Duesseldorf,
Germany; Cunha JEM, Reprint Author, Rua Oquira 116, BR05467030 Sao Paulo, Brazil; Izbicki JR, Reprint Author, Univ
Hamburg, Dept Surg, Univ Hosp Eppendorf, Martinistr 52,
D-20251 Hamburg, Germany
Peparini N, Chirletti P. Does antecolic reconstruction decrease
delayed gastric emptying after pancreatoduodenectomy? World
J Gastroenterol 2012; 18(45): 6527-6531 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v18/i45/6527.htm
DOI: http://dx.doi.org/10.3748/wjg.v18.i45.6527

Abstract
Delayed gastric emptying (DGE) is a frequent complication after pylorus-preserving pancreatoduodenectomy
(PpPD). Kawai and colleagues proposed pylorus-resecting pancreatoduodenectomy (PrPD) with antecolic gastrojejunal anastomosis to obviate DGE occurring after
PpPD. Here we debate the reported differences in the
prevalence of DGE in antecolic and retrocolic gastro/duodeno-jejunostomies after PrPD and PpPD, respectively.
We concluded that the route of the gastro/duodeno-jejunal anastomosis with respect to the transverse colon;
i.e., antecolic route or retrocolic route, is not responsible
for the differences in prevalence of DGE after pancreatoduodenectomy (PD) and that the impact of the reconstructive method on DGE is related mostly to the angulation or torsion of the gastro/duodeno-jejunostomy.
We report a prevalence of 8.9% grade A DGE and 1.1%
grade C DGE in a series of 89 subtotal stomach-preserving PDs with Roux-en Y retrocolic reconstruction with
anastomosis of the isolated Roux limb to the stomach
and single Roux limb to both the pancreatic stump and
hepatic duct. Retrocolic anastomosis of the isolated first
jejunal loop to the gastric remnant allows outflow of the
gastric contents by gravity through a “straight route”.

WJG|www.wjgnet.com

INVITED COMMENTARY ON HOT
ARTICLES
Delayed gastric emptying (DGE) is a major cause of
early morbidity following pancreatoduodenectomy (PD).
Although it has been recently reported that pyloruspreserving pancreatoduodenectomy (PpPD) and classical
Wipple’s PD are equal operations regarding the postoperative development of DGE[1], the occurrence of this
complication is usually considered to be associated with
PpPD. DGE after PpPD was first described by Warshaw
et al[2] in 1985. DGE implies a state of postoperative gastroparesis and gastric stasis for which prolonged gastric
drainage is necessary with delay to return to solid food
intake. However, the pathogenesis of DGE is still unclear.
Postoperative decrease in plasma motilin stimulation after
duodenal resection[3], devascularization and denervation
of the pylorus with subsequent pylorospasm in PpPD[4,5]
and other operative factors such as the route of gastro- or
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duodeno-enteric reconstruction (antecolic vs retrocolic)[6]
and the type of reconstructive technique (BillrothⅠvs
Billroth Ⅱ reconstruction)[7] may contribute to the occurrence of DGE. Moreover, intra-abdominal postoperative
complications such as pancreatic fistula, peripancreatic
collections, intraabdominal abscess or postoperative pancreatitis may increase the prevalence of DGE[8-13]. The reported prevalence of DGE after pancreatic surgery is remarkably variable due to different adopted definitions of
DGE[10,14,15]. In fact, a consensus definition of DGE based
on the impact on the clinical course and on postoperative
management was proposed by the International Study
Group of Pancreatic Surgery only in 2007[16]. Kawai et al[17]
reported a prospective randomized controlled trial (RCT)
on the prevalence of DGE in pylorus-resecting pancreatoduodenectomy (PrPD) vs PpPD. The authors proposed
PrPD, in which the stomach is nearly entirely preserved
and divided just adjacent to the pyloric ring, to obviate
DGE occurring after PpPD and avoid the impairment
of nutritional status occurring after classical Wipple’s PD.
They highlighted that the results of their RCT significantly
favored PrPD over PpPD, considering the prevalence of
DGE (4.5% vs 17.2%): in these procedures an antecolic
gastro- or duodeno-jejunal reconstruction was adopted[18].
A recent RCT comparing the occurrence of DGE after
subtotal stomach-preserving pancreatoduodenectomy in
pancreaticogastrostomy with retrocolic gastro-jejunostomy reconstruction and in pancreaticogastrostomy with antecolic gastro-jejunostomy reconstruction concluded that
antecolic reconstruction, and not retrocolic reconstruction, decreases DGE prevalence. However, in this study,
BillrothⅠ(retrocolic) reconstructions were compared with
Billroth Ⅱ (antecolic) reconstructions[19]. After subtotal
stomach-preserving pancreatoduodenectomy with pancreaticogastrostomy, Oida et al[20,21] considered retrocolic
gastrojejunal reconstruction preferable to antecolic reconstruction for preventing DGE because pancreaticogastric
anastomosis is located behind the stomach and the retrocolic route in gastroenteric reconstruction enables the
gastric contents to easily reach the jejunum. In the study
by Eshuis et al[22], DGE was more frequent in retrocolic
reconstructions, but in multivariable analysis no association between the route of reconstruction and DGE was
found.
After PD, BillrothⅠreconstruction is considered to
have a higher incidence of DGE than Billroth Ⅱ reconstru
ction[7], but BillrothⅠis considered to be a more physiologic procedure than Billroth Ⅱ because BillrothⅠpreserves
the proximal jejunum in the alimentary circuit and maintains the hormonal stimuli on the remnant pancreas[23].
In evaluation of the prevalence of DGE in antecolic and
retrocolic reconstruction in gastro- and duodeno-jejunostomy after classical Wipple’s PD and PpPD, respectively,
the two compared procedures should differ only in the
manner in which the jejunum is brought up in respect to
the transverse colon. Kawai participated in a previously reported prospective RCT in which the adopted reconstructive procedures after PpPD were different only regarding
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the route; i.e., antecolic or retrocolic, for Billroth Ⅱ type
duodeno-jejunal anastomosis. The prevalence of DGE
was significantly lower in the antecolic duodeno-jejunostomy group than in the retrocolic duodeno-jejunostomy
group[6]. However, another recent RCT showed no difference in the prevalence of DGE between antecolic and
retrocolic gastro/duodeno-jejunostomy following classical
Wipple’s PD/PpPD after standardization of both the antecolic and retrocolic types of Billroth Ⅱ gastro/duodenojejunostomy with respect to the distance from the hepatico-jejunostomy and angulation of the jejunal loop. In this
study, the occurrence of DGE was not affected by the type
of performed PD; i.e., classical Wipple’s PD vs PpPD, or
the type of adopted reconstruction of the gastro/duodeno-jejunostomy; i.e., antecolic vs retrocolic[24]. Ueno et al[25]
indicated that the transient torsion or angulation in the
reconstruction of the alimentary tract is the main cause
of DGE after PpPD. Several methods were proposed to
promote the alimentary transit from the stomach through
the jejunal loop, such as alignment of the stomach contour to avoid angulation of the jejunal loop distally to the
duodeno-jejunal anastomosis in a BillrothⅠtype of reconstructive procedure[25], and straight antecolic duodenojejunostomy twisting the jejunum 30° counterclockwise to
preserve the patency of the efferent jejunum and placing
the stomach in the left subcolic fossa to straighten it in a
Billroth Ⅱ type of reconstruction[26]. In the RCT by Chijiiwa et al[27] no significant difference in the prevalence of
DGE was found between retrocolic vertically performed
duodenojejunostomy and antecolic duodenojejunostomy
(Table 1).
Regarding the resection method, Kawai et al[17,18] highlighted that PrPD preserves the capacity of the stomach
and obviates to pylorospasm, denervation and devascularization of the pylorus ring, which can occur in PpPD,
and demonstrated that PrPD decreases the incidence of
DGE in respect to PpPD. Recently, these surgical procedures of subtotal stomach-preserving (or pylorus-resecting) pancreatoduodenectomies have been adopted in surgical treatments of malignant tumors of the periampullary region and of the head of the pancreas. Our group
has been adopting subtotal stomach-preserving pancreatoduodenectomy since 1995 for several considerations.
After pancreaticoduodenectomy, gastric preservation
favors adequate weight gain due to higher caloric intake;
moreover, and most of all, normal acid secretion acts
as a physiologic stimulus promoting the intestinal secretion of secretin and CCK-PZ, as well as the subsequent
stimulation of pancreatic exocrine secretion with better
digestion of protein and fat (weight gain). Lastly, preservation of the stomach with resection of the pylorus
favors better gastric emptying[28,29]. Regarding the impact
of the reconstructive method on DGE, we think that the
route of the gastro/duodeno-jejunal anastomosis with
respect to the transverse colon (antecolic or retrocolic)
or the type of reconstruction performed (Billroth Ⅰor
Billroth Ⅱ procedure) are not truly responsible for the differences in the prevalence of DGE after PD. We believe
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Table 1 Summary of the cited studies on prevalence of delayed gastric emptying after pancreaticoduodenectomy
Type of study

No. of patients

Studied groups

Significant difference in prevalence of DGE

Eshuis et al[22]

Ref.

CCS
CCS

Masui et al[26]

CCS

Kawai et al[17]

RCT

Kurahara et al[19]

RCT

Gangavatiker et al[24]

RCT

Chijiiwa et al[27]

RCT

Tani et al[6]

RCT

PD/PpPD + PJ-BⅡAG/DJ
PD/PpPD + PJ-BⅡRG/DJ
MSSPPD + PG-BⅡAGJ
MSSPPD + PG-BⅡRGJ
PpPD + PJ-BⅡADJ
PpPD + PJ-BⅡAMDJ
PrPD + PJ-BⅡAGJ
PpPD + PJ-BⅡADJ
SSPPD + PG-BⅠRGJ
SSPPD + PG-BⅡAGJ
PD/PpPD + PJ-BⅡAG/DJ
PD/PpPD + PJ-BⅡRG/DJ
PpPD + PJ-BⅡADJ
PpPD + PJ-BⅡVRDJ
PpPD + PJ-BⅡADJ
PpPD + PJ-BⅡRDJ

Not found

Oida et al[20]

77
77
14
28
12
106
66
64
22
24
35
37
17
18
40
40

PG-BⅡRGJ < PG-BⅡAGJ
PJ-BⅡAMDJ < PJ-BⅡADJ
PrPD < PpPD
PG-BⅡAGJ < PG-BⅠRGJ
Not found
Not found
PJ-BⅡADJ < PJ-BⅡRDJ

CCS: Case control study; RCT: Randomized controlled trial; PD/PpPD: Pancreaticoduodenectomy or pylorus-preserving pancreaticoduodenectomy; PJ-B
ⅡAG/DJ: Pancreaticojejunostomy with Billroth Ⅱ antecolic gastro/duodenojejunostomy; PJ-BⅡRG/DJ: Pancreaticojejunostomy with Billroth Ⅱ retrocolic
gastro/duodenojejunostomy; MSSPPD: Modified subtotal stomach-preserving pancreaticoduodenectomy; PG-BⅡAGJ: Pancreaticogastrostomy with Billroth Ⅱ antecolic gastrojejunostomy; PG-BⅡRGJ: Pancreaticogastrostomy with Billroth Ⅱ retrocolic gastrojejunostomy; PJ-BⅡADJ: Pancreaticojejunostomy
with Billroth Ⅱ antecolic duodenojejunostomy; PJ-BⅡAMDJ: Pancreaticojejunostomy with Billroth Ⅱ antecolic modified reconstruction with straightening
of the stomach and twisted duodenojejunostomy; PrPD: Pylorus-resecting pancreaticoduodenectomy; PJ-BⅡAGJ: Pancreaticojejunostomy with Billroth Ⅱ
antecolic gastrojejunostomy; SSPPD: Subtotal stomach-preserving pancreaticoduodenectomy; PG-BⅠRGJ: Pancreaticogastrostomy with BillrothⅠretrocolic
gastrojejunostomy; PJ-BⅡVRDJ: Pancreaticojejunostomy with Billroth Ⅱ retrocolic modified reconstruction with vertical duodenojejunostomy; PJ-BⅡRDJ:
Pancreaticojejunostomy with Billroth Ⅱ retrocolic duodenojejunostomy; DGE: Delayed gastric emptying.

the transit of the gastric contents towards the jejunum in
consequence of the retrogastric site of pancreaticogastric
anastomosis[20,21]. A Billroth Ⅱ reconstruction can avoid
the jejunal angulation produced by a Billroth Ⅰprocedure
in which the anastomosis of the proximal jejunum to the
gastric/duodenal stump is performed at first, followed by
pancreatico-jejunostomy and hepatico-jejunostomy[25] (or
by hepatico-jejunostomy in a case in which a pancreaticogastrostomy is carried out).
According to the ISGPS clinical criteria[16], we have
recently reported a prevalence of 8.9% (8 cases) of grade
A DGE and 1.1% (1 case) of grade C DGE in a series of
89 subtotal stomach-preserving PD followed by Rouxen-Y retrocolic reconstruction with anastomosis of the
isolated Roux limb (i.e., first jejunal loop) to the stomach
and single Roux limb (i.e., second jejunal loop) to the
pancreatic stump and hepatic duct[30] (Figure 1).
We chose anastomosing the isolated proximal jejunum to the gastric remnant because, after removal of the
duodenal source of CCK and secretin, preservation of
the first jejunal loop in the reconstruction of the alimentary circuit maintains the physiologic jejunal secretion of
secretin and CCK-PZ subsequent to alimentary transit
and can compensate (at least in part) for the abolished
duodenal hormonal release[29]. Then, the anastomosis
of the isolated first jejunal loop to the gastric remnant,
although retrocolic, avoided any angulation and torsion
allowed the outflow of the gastric contents by gravity
through a “straight route” (Figure 2). It is widely known
that postoperative complications are related to the occurrence of DGE. Therefore, controlling the prevalence

First jejunal loop

GJ
30 cm

M

Second jejunal loop

Figure 1 Retrocolic gastro-jejunal anastomosis in Roux-en-Y reconstruction after subtotal stomach-preserving pancreaticoduodenectomy. M:
Mesocolic window; GJ: Gastro-jejunal anastomosis. Dashed line indicates the
level of jejunal division.

that, after a PD, the impact of reconstructive methods
on DGE is related mostly to the angulation or torsion of
the reconstruction of the gastro/duodeno-jejunostomy
because all the reported modified procedures associated
with lower DGE, in Billroth Ⅰas well Billroth Ⅱ types of
reconstruction, are related to the reconstructive anatomy
of the alimentary circuit and are aimed to facilitate the
outflow of the ingests from the gastric/duodenal remnant. An antecolic gastro/duodeno-jejunostomy can favor a straight construction and gastric emptying by gravity in a Billroth Ⅱ reconstruction after PD or PpPD[24]
as well as a retrocolic Billroth Ⅱ gastrojejunostomy after
a subtotal stomach-preserving pancreatoduodenectomy
with pancreaticogastrostomy reconstruction can favor
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HJ

8

PJ
GJ

9

JJ

10

M

Figure 2 Roux-en-Y retrocolic reconstruction. HJ: Hepatico-jejunal anastomosis; PJ: Pancreatico-jejunal anastomosis; GJ: Gastro-jejunal anastomosis;
JJ: Jejuno-jejunal anastomosis; M: Mesocolic window.

11

12

of other postoperative complications can contribute to
reduce the occurrence of DGE. Postoperative pancreatic fistula occurred in seven patients (7.8%) of our series.
Six cases of grade A fistula resolved spontaneously and
in only one grade B fistula was percutaneous drainage
necessary. Postoperative hemorrhage occurred in two of
89 (2.2%) patients, biliary fistula in eight (8.9%) patients
and acute pancreatitis in one (1.1%). One patient with
pre-existing stenosis of the hepatic artery developed
thrombosis of the hepatic artery.
In conclusion, PrPD may contribute to a decrease in
the prevalence of DGE due to pylorospasm, denervation and devascularization of the pylorus ring, which
may occur after PpPD. A “straight” route, not necessarily an “antecolic” route, may obviate to the prevalence
of DGE due to torsion or angulation in the reconstruction of the alimentary tract.
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Tumor budding as a potential histopathological biomarker
in colorectal cancer: Hype or hope?
Fabio Grizzi, Giuseppe Celesti, Gianluca Basso, Luigi Laghi
has received much recent attention, particularly in the
setting of CRC. Although its acceptance as a reportable
factor has been held back by a lack of uniformity with
respect to qualitative and quantitative aspects, tumor
budding is now considered as an independent adverse
prognostic factor in CRC that may allow for stratification of patients into risk categories more meaningful
than those defined by tumor-node-metastasis staging
alone, and also potentially guide treatment decisions,
especially in T2-T3 N0 (stage Ⅱ) CRCs.
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Abstract

Grizzi F, Celesti G, Basso G, Laghi L. Tumor budding as a
potential histopathological biomarker in colorectal cancer:
Hype or hope? World J Gastroenterol 2012; 18(45): 6532-6536
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i45/6532.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i45.6532

Colorectal cancer (CRC), the third most commonly diagnosed type of cancer in men and women worldwide
is recognized as a complex multi-pathway disease, an
observation sustained by the fact that histologically
identical tumors may have different outcome, including
various response to therapy. Therefore, particularly in
early and intermediate stage (stages Ⅱ and Ⅲ, respectively) CRC, there is a compelling need for biomarkers
helpful of selecting patients with aggressive disease
that might benefit from adjuvant and targeted therapy.
Histopathological examination shows that likely other
solid tumors the development and progression of human CRC is not only determined by genetically abnormal cells, but also by intricate interactions between
malignant cells and the surrounding microenvironment.
This has led to reconsider the features of tumor microenvironment as potential predictive and prognostic
biomarkers. Among the histopathological biomarkers,
tumor budding (i.e., the presence of individual cells and
small clusters of tumor cells at the tumor invasive front)

WJG|www.wjgnet.com

INVITED COMMENTARY ON HOT
ARTICLES
We read with great interest the recent article by Lugli
et al[1] describing the morphology of “tumor budding”
as a promising histopathological prognostic feature in
colorectal cancer (CRC) and strongly recommend it to
the readers.
Although in certain countries a decline in CRC incidence rate has been registered, attributed to increases in
screening adhesion rates and linked detection and removal
of precancerous polyps[2], CRC remains one of the most
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Figure 1 Colorectal cancer at the invasive front shows different growth patterns. Tumor budding denotes the presence of isolated single neoplastic cells or
small clusters of cells scattered in the stromal compartment at the invasive tumor margin (A), although intra-tumoral budding is also reported. Tumor margin organized
in larger tumor cell clusters (B) and a smooth infiltration tumor margin (C). Hematoxylin and eosin stain, objective magnification 20×.

Histopathology of CRC
Histopathological examination shows that likely other
solid tumors, CRCs are infiltrated by various innate and
adaptive immune cells[15-17], and that in the cancer context,
epithelial cells coexist with different extracellular matrix
components and non-neoplastic cell types, including fibroblasts, myofibroblasts, adipocytes, endothelial cells,
pericytes, which collectively form the tumor microenvironment[18].
It is well known that histopathology reports usually include various features and including tumor grade,
histological sub-type, state of resection margins and
information on vascular and perineural invasion, but the
tumor-border configuration (i.e., growth pattern) and
especially tumor budding remain rarely described[1]. The
term “tumor budding” denotes the presence of isolated
single neoplastic cells or small clusters of cells (conventionally, up to 5 cells) scattered in the stromal compartment at the tumor invasive margin (Figure 1)[19-21].
Tumor stage as stated by the American Joint Committee on Cancer⁄International Union Against Cancer (AJCC
⁄UICC) tumor-node-metastasis (TNM) system is currently
considered as the most robust prognostic criterion for
CRC patients. The inability of the AJCC⁄UICC staging
system to accurately predict the outcome of individual patients with stage Ⅱ and stage Ⅲ CRC might be overcome
by adding morphological, molecular or treatment-related
features, that could stratify patients more accurately into
different risk categories[22]. Depth local tumor infiltration
(pT), loco-regional lymph-node involvement (N status),
venous and lymphatic invasion, and tumor grade, are currently recognized as the main histopathological characteristics associated with worse patient outcome.

common cancers[3]. By its frequency, CRC ranks third in
men and women worldwide[3]. Explained as a multi-step
dynamical disease in the last two decades, CRC develops
slowly over several years and progresses through cytologically distinct benign and malignant states, from single
crypt lesions through adenoma, to malignant carcinoma
with the potential for local invasion and distant metastasis[4,5]. According to the model of multi-step carcinogenesis, adenomatous cells accumulate a number of molecular
abnormalities to eventually become fully malignant[6,7]. In
spite of unifying theories, genetic and epigenetic events
during the carcinogenesis process differ considerably
from tumor to tumor. Thus, CRC is not a unique disease;
rather it encompasses different molecular and pathological entities with a wide range of clinical behaviors[8]. At
the molecular level, CRC encloses a complex array of
gene alterations. Essentially, like individual fingerprints,
each tumor arises and behaves in a distinctive fashion that
is unlikely to be fully recapitulated by any other tumor.
Nevertheless, molecular changes allow for a basic categorization of CRC, which is largely acknowledged, although
likely over-simplistic. It has been demonstrated that genetic and epigenetic features, such as microsatellite instability
(MSI), chromosomal instability, CpG island methylator
phenotype or even global DNA hypomethylation, lead to
alterations of gene function on a genome-wide scale. It
is known that activation of oncogenes, including KRAS,
BRAF, TGFBR, PIK3CA and TP53, affects complex intracellular signaling pathways[9,10]. The suppressor pathway
is disrupted in CRC with chromosomal instability occurring in the majority of CRCs (nearly, 85%), which have a
molecular profile characterized by specific chromosomal
amplifications and transformations, aneuploidy, and loss
of heterozygosity[8-10]. Differently, CRCs of the mutator
pathway (roughly, 15%) have a defective DNA mismatch
repair (MMR) system, which leads to accumulation of
unrepaired mutations[9], and harbor frameshift mutations
in coding mononucleotide repeats of cancer-related genes
(targets)[11]. It is now accepted that MSI CRCs have a heterogeneous histological appearance, better prognosis due
to a reduced metastatic potential, and a different response
to 5-fluoro-uracyl[12-14].
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Tumor budding and CRC
Tumor budding first introduced by Jass et al[23], as a reliable
histopathological hallmark to estimate the aggressiveness
of rectal cancer, was initially shown to have a superior
prognostic value when compared to other histopathological characteristics, including tumor differentiation and
venous invasion. Tumor grading based on the nature of
the advancing tumor margins, which in the scoring sys-

6533

December 7, 2012|Volume 18|Issue 45|

Grizzi F et al . Tumor budding in colorectal carcinoma

tem proposed by Giger et al[24] divided rectal tumors into
expanding type and infiltrating type, obtained wide acceptance among surgical pathologists worldwide. Although
subsequent studies revealed a scarce reproducibility of
Jass scoring system, several authors highlighted the potential role of tumor budding as a valid prognosticator
also in tumors other than CRC, including lung cancer[25,26],
invasive ampullary adenocarcinomas[27], and oesophageal
and gastro-oesophageal junction cancers[28]. In CRC, tumor budding is considered as a stage ⅡB prognostic factor, and strictly associated with lymph-node metastasis[1].
It has been shown that the presence of “buds” at the
tumor invasive front represents an independent predictor
of lymph node metastasis in patients with sub-mucosal
invasive or early pT1 CRCs[29]. It has also been suggested
that the frequency of tumor budding increases with more
advanced TNM stage[1].
Tumor budding is virtually absent in MMR-deficient
cancers [30,31]. MSI CRCs have significantly more pronounced tumor infiltrating lymphocytes (i.e., CD3+ or
CD8+ cells), peritumoral lymphocytes inflammation, and
bundling edge (i.e., the ability of cells to adhere and to
migrate) compared with microsatellite-stable CRCs, all
factors contributing to the absence of tumor budding in
MSI CRCs.

efforts and validation of biological findings that are made
in laboratory[34]. Working with human tissues poses several challenges to investigators, including: (1) tissue sampling (i.e., appropriate processing, histological variability,
tissue heterogeneity with different areas of cancer, necrosis, inflammation and natural tissue); (2) selection of
the proper preservation technique (i.e., maintenance of
tissue morphology and molecular profile); (3) tissue complexity (i.e., requirement of an accurate histopathological
interpretation); and (4) not least ethical and legal rules.
However, an approach that integrates histopathology and
molecular biology within a unique translational system
is a mandatory strategy to pursue a better understanding
of cancer. Such an effort can be achieved only through
a more effective incorporation of pathology into clinical
research, and conversely by integrating biological research
into the pathological assessment, likely through efficient
networks of translational researchers joining their data.
The morphology of the tumor invasive front has
come into the focus of scientific studies because it appears to be intimately linked to cancer aggressiveness.
Despite the established prognostic relevance of tumor
budding in CRC, the reproducibility of actual methods
proposed for its assessment, however, remains unstandardized, limiting its application in routine pathology
practice[35]. Diagnostic reproducibility is a prerequisite
for the validation of a diagnostic test and is crucial for
patient care. Tumor budding promises to be a histopathological prognostic factor in CRC, and although the
level of agreement needs to be improved and further
investigations are compulsory to confirm any association between the rates of tumor budding detection and
clinical outcome, its evaluation can be improved first by
an appropriate physician training. In addition, the use of
immunohistochemistry (IHC) highlights budding cells
by pan-cytokeratin antibodies leading to a significant
increase of tumor budding-positive cases. Single tumor
cells can be more accurately detected by immunological
techniques than standard hematoxylin and eosin staining,
even when they appear at the tumor boundary showing
glandular disruption. Under these circumstances, dissociated tumor cells should not be interpreted as budding to
avoid biasing tumor budding evaluation[31].
As tumor budding has been shown as an independent
prognostic factor in CRC, particularly in node-negative
disease, its assessment has the potential to increase prognostic accuracy and influence treatment algorithms. When
examined carefully, the majority of CRCs display some
degree of budding; hence, attempts have been made at
developing scoring systems to identify a prognostically
significant degree of budding, commonly termed “highgrade” budding. Definitions of high-grade budding, however, vary substantially among different observers and
even among different studies by the same observers[31].

Tumor budding and the epithelial-mesenchymal transition
A parallel between tumor budding and the epithelial to
mesenchymal transition (EMT) has also been recently
proposed. This (potentially reversible) process thought
to occur physiologically during embryological development (EMT subtype Ⅰ), has been also associated with
wound healing, tissue regeneration, organ fibrosis (EMT
subtype Ⅱ), and tumor invasion (EMT subtype Ⅲ).
Cells in EMT loss their epithelial phenotype (i.e., lack of
E-Cadherin and cell polarity, expression of transcription
factors including the zinc finger proteins SNAIL and
SLUG, TWIST, ZEB 1/2 and SMAD) and dynamically
acquire a mesenchymal phenotype (i.e., taking on a spindle-like, fusiform morphology, become motile, and start
expressing mesenchymal markers including N-cadherin,
fibronectin and vimentin) [32]. While the mechanisms
promoting distant metastasis are extremely wide and still
under intense investigation, the presence of EMT features in cells of the tumor microenvironment has been
associated with an increased metastatic potential[32,33].
Assessing the tumor budding in colorectal cancer tissues
Rapidly growing insights into the cell biology of CRC
and the recent developments of high-throughput technologies, gene sequencing and molecular diagnostics have
led to practicable expectations for the identification of
molecular biomarkers to be used in optimized and tailored treatment regiments. However, histopathological interpretation of CRC tissues remains the gold standard for
cancer diagnosis. Tissue specimens, consisting of different cell types related to each other in complex spatial patterns, are important resources for both primary research
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Final remarks
Consensus criteria for its evaluation must be better estab-
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lished, to guide further research in this area and to provide the practicing pathologist with reporting guidelines.
With respect to setting these criteria, studies focusing on
budding should be designed to define objective cut-off
for meaningful tumor budding. In mathematical terms,
also tumor budding is a continuous variable; thus, a cutoff threshold should be less arbitrary as possible, and an
attempt should be made to identify the budding threshold
that results into relevant predictive information. Along
this line, pathologist reporting on tumor budding should
provide detailed information regarding the qualitative and
quantitative criteria used to evaluate budding in order to
allow for meaningful comparisons among different studies. Finally, the role of IHC in the evaluation of budding
needs to be clarified. Although it might be impractical to
perform IHC on all CRCs, there may be certain cases (i.e.,
in the context of a remarkable inflammatory reaction at
the tumor invasive front), where it may reveal buds that
are dubious when observed in standard hematoxylin and
eosin stained histological sections.
It is indubitable that the substantial impediment to
the adoption of tumor budding as a routinely reportable
feature is the lack of a well defined, standardized and
quantitative assessment. At any event, due to the forceful
evidence that tumor budding is one of the most promising prognostic factors actually available, it is incumbent on
the scientific community participating to the identification
of CRC prognostic factors to move promptly to addressing it and removing the obstacles to its routine reporting
and comparison with other predictive factors.
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INVITED COMMENTARY ON HOT
ARTICLES
Cancer is one of the major health problems worldwide,
therefore constantly more effective therapeutic strategies
are expected. Cancers arise from the uncontrolled proliferation and spreading of malignantly transformed cell
clones with the obvious ability to evade protective immunity. In view of immune surveillance selective, specific
and effective eradication of various cancer cells by a subsequent active host immune response serving as a widespread therapy option has still been remained unsolved.
Current therapies for cancer mainly are based on chemotherapeutic drugs that kill transformed, dividing cells
or block cell division, but unfortunately these treatments
may also attack normal proliferating cells, including immunocompetent ones. However, targeted immune responses
(immunotherapy) to tumors may be specific, thus making
the possibility to avoid normal cell injury. According to
therapeutic vaccines killed tumor cells or tumor antigens
can efficiently induce anticancer immunity.
So far less attention has been paid on the possible subcellular and molecular impact of chemotherapy-induced
cell death regarding induction of host immune responses.
In a recent experimental study Michaud et al[1] have underscored a new aspect of anticancer chemotherapy, that
autophagy may contribute to action of certain drugs eliciting immunogenic tumor cell death. This type of cellular
fate is characterized biochemically by pre- and postapoptotic events, like calreticulin exposure and high mobility
group B-1 (HMGB-1) secretion, and by ATP release.

Abstract
Autophagy or self-digestion of cells is activated upon
various stressful stimuli and has been found to be a
survival and drug resistance pathway in cancer. However, genetic studies support that autophagy can act
as a tumor suppressor. Furthermore, defective autophagy is implicated in tumorigenesis, as well. The precise
impact of autophagy on malignant transformation has
not yet been clarified, but recent data suggest that
this complex process is mainly directed by cell types,
phases, genetic background and microenvironment.
Relation of autophagy to anticancer immune responses
may indicate a novel aspect in cancer chemotherapy.
© 2012 Baishideng. All rights reserved.
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Autophagy
Besides the proteasomal degradation pathway autophagy
represents an additional evolutionarily highly conserved
multi-step process of cellular self-digestion due to sequestration of excessive, damaged, or aged proteins and
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autophagy has been proposed, since on one side it may be
critical for cancer cell survival and progression, in particular under stressful situations, however it may elicit tumor
death signaling pathways. Direction of autophagy toward
cytoprotection or tumor cell suppression, thus the prosurvival or pro-death function is context-dependent, and
influenced by many intra- and extracellular factors, such as
involved tissues, surrounding microenvironment, genetic
background, and stages of tumor development, nevertheless its precise relation to cancer networks has not yet
been fully elucidated[5,6,8].
The involvement of autophagy in cell death, either in
apoptosis (programmed, type Ⅰ death) or in non-apoptotic or necrotic death, and their possible interactions
are rather complicated. Autophagy in tumor cells usually
displays a critical, programmed pro-survival function
by inhibiting apoptosis or suppressing necrotic death,
including programmed (or regulated) cell necrosis of
caspase-independent necroptosis, and poly-ADP-ribose
polymerase-mediated necrosis[9].
In cases of autophagy deficiency, however, no tumor
suppression, but on the contrary, accelerated tumorigenesis can be manifestated. In autophagy-incompetent cells
upon induced oxidative stress cell-autonomous mechanisms are exhibited in forms of accumulated DNA damage and chromatin instability[10]. As a non-cell-autonomous
mechanism, however, inflammatory events along with
defective apoptosis could also contribute independently
to cancer progression, partly by favouring cell necrosis[11].
Similar situation has been found in human inflammatory
bowel diseases (IBD) with high risk of malignancy, and
in experimental cases of atg5-/- or atg7-/- mice displaying inflammatory Paneth cell abnormalities resembling
human IBD[7,12].
The atg6/Beclin-1 gene, a Bcl-2/Bcl-xL interacting
element has been found to be monoallelically lost in certain human cancers, and confirmed that it functions as a
haploinsufficient tumor suppressor[13]. However, this suppressive function of Beclin-1 may be tissue-specific, since
even its higher expression has been detected in colorectal
and gastric carcinomas[14]. In addition to Beclin-1, alterations of other autophagy-associated genes, e.g., atg4,
atg5, UV-irradiation resistance-associated gene (UVRAG),
or Bax-binding protein-1 (Bif-1) have also been detected
in various cancers, indicating that tumor suppression is
attributed to different autophagy elements. Nonsense
mutations of UVRAG, and downregulation of Bif-1 have
been documented in colon and gastric carcinomas, and in
colon adenocarcinomas, respectively[15-17].
Hypothetically, increased autophagic flux via excessively induced autophagy may promote non-apoptotic
(programmed, type Ⅱ) autophagic cell death, acting
like a tumor suppressor[18]. Autophagy is also known to
stimulate oncogene-induced senescense, thus providing
another possible barrier against malignant transformation[19]. Nevertheless, there is no direct evidence regarding the realistic anti-tumor capacity of autophagy.
In human cancers constitutive activation of Ras- and
phosphoinositol 3-kinase/Akt-mammalian target of rapa-

Chaperone-mediated
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Macropexophagy
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Nucleophagy
Lipophagy

Breakdown
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Figure 1 The process of macroautophagy and the types of autophagy
(gray boxes).

intracellular organelles in double-membranous vesicles of
autophagosomes, terminally self-digested in lysosomes[2].
Different types of autophagy according to the route
of delivery to lysosomes and the main physiological functions have been characterized, like macro- and microautophagy, and chaperon-mediated autophagy[3]. Upon specific targeted degradation of cytosolic proteins, lipids, or
organelles (e.g., ribosomes, nucleosomes, mitochondria),
selective forms of autophagy can further be classified as
lipophagy, or ribophagy, nucleophagy and mitophagy[2].
Macroautophagy (hereafter simply termed autophagy) refers to cytoplasmatic bulk, non-selective degradation of subcellular constituents. Within this complex
catabolic pathway regulated tightly by a limited number
of autophagy genes (atgs) various morphologic stages
are distinguishable starting with the formation of phagophore, followed by its elongation and maturation to
autophagosome, and finally the fusion with lysosomes[4].
The process of macroautophagy and the types of autophagy are summarized in Figure 1.
Autophagy is deeply implicated in regulation of numerous physiologic functions including cell development
and differentiation, survival and senescence, and it also
crucially affects inflammation and innate and adaptive
immunity[5]. On a basal level intact autophagy serves constantly and constitutively as a critical adaptive and surveillance mechanism in maintaining cellular homeostasis[3].
However, autophagy is inducible, as well in response to
different cellular metabolic stress conditions, including
nutrient and growth factor deprivation in order to preserve cell viability. Defects in basal autophagy may yield
accumulation of cytotoxic materials, damaged DNA, and
thus, genomic instability, while alterations of induced autophagy especially lead to reduced cell survival[4,5].
In general, defective autophagy by compromising cellular fitness has been ultimately related to several disease
conditions, such as cancer, certain neurodegenerative, liver,
and infectious disorders, aging, and inflammatory conditions, like Crohn’s disease[3,5-7].
Regarding tumorigenesis a dual-faced (Janus) role of
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tumors, however, due to their extreme susceptibility,
metabolic stress- and DNA-damage-inducing therapeutic
protocols are suggested. However, autophagy induction
could also provide an alternative therapeutic option[22,26,27].
Nevertheless, excessive autophagy can potentially act as
an active cell death machinery, mainly along with inherent apopotosis defects, so induction of autophagy by
antitumor drugs may also be considered as an efficient
cytotoxic manipulation.
Michaud et al[1] in their experiments, using transplantable murine tumors of CT26 colorectal carcinoma and of
MCA205 fibrosarcoma treated either with mitoxantrone
or oxalipatin have found that autophagy-competent tumor cells release more ATP comparing with autophagydeficient ones. Furthermore, pharmacologic inhibition of
autophagy reduced chemotherapy-induced ATP release,
however induction of autophagy did not trigger it. ATP
serves as a danger signal, it is a prominent DAMP molecule. In addition, unlike autophagy-deficient tumor cells
chemotherapy in autophagy-competent cancer cells elicited
a protective immune response, i.e., attraction of dendritic
cells, CD4+ and CD8+ lymphocytes, and priming of T
cells. Inhibition of autophagy decreased the immunogenic
potential of tumor cells. The authors finally conclude, that
upon chemotherapy premortem autophagy is required
for tumor immunogenicity by releasing ATP from dying
apoptotic cells, and consequently, in case of autophagy
defiency the ability of tumor cells to induce an adaptive
anticancer immune response is significantly restricted. In
that transplantable model dying cancer cells function as a
therapeutic vaccine. Nevertheless, in autophagy-deficient
tumors of immunocompetent hosts by pharmacologic
inhibition of ATP degradation a compensatory increase
in pericellular ATP content was achieved, thus successfully restoring the immunogenic capacity, and suggesting a
novel adjuvant therapeutic possibility (Figure 2).
Findings of Michaud et al[1] not only highlight on the
complexity and many faces of autophagy in tumorigenesis, but emphasize the rationality of analyzing subcellular, molecular consequences of chemotherapy in respect of influencing host immunity, and thus propose a
promising therapeutic strategy to compensate autophagy
deficiency-related altered tumor immunogenicity.

Autophagydeficient
tumor cell

Pharmacologic
inhibition of ATP
degradation

Tumor cell
immunogenicity

Figure 2 The relation of autophagy and anticancer immunity. Similarly to
autophagy-deficient tumor cells inhibition of autophagy results in decreased
pericellular ATP secretion, and thus suppressing anticancer immunity. Pharmacologic inhibition of ATP degradation, however, increases ATP level in the
microenvironment of tumor cells, and favours tumor cell immunogenicity.

mycin (mTOR) pathway is a common phenomenon, and
mTOR complex 1 seems to be the main negative regulator of autophagy[20,21]. The tumor suppressor p53 gene
exerts a typical dual role in autophagy regulation, depending primarily on its subcellular, nuclear or cytoplasmic
distribution[22]. Both stress-responsive cellular degradation
pathways of intrinsic and extrinsic apoptosis and of autophagy can fundamentally affect, activate or inhibit each
other via an extensive molecular crosstalk, and in fact, cell
destiny is determined by their actual functional status and
interplay[6,23]. Their crosstalk is regulated primarily by the
current status of the Bcl-2/Beclin-1 complex, dissociation of which can be achieved upon activation of mitogen
activated phosphokinase-jun kinase or translocation of
the damage-associated molecular pattern (DAMP) protein
HMGB-1[23]. Nuclear factor (NF)-kB plays also a critical role in malignant transformation, and its constitutive,
chronic activation has been observed in the majority of
different tumor cells. There is also a complex interaction
between autophagy and the NF-kB signaling pathways via
positive and negative feedback regulatory loops[24]. The
important autophagy selective substrate p62 acts as an
adaptor protein to regulate NF-kB, as well[25].
Overall, there is no doubt that process of autophagy
can be considered as an apparently quite difficult regulatory network, being in close connection with other signal
transduction pathways and cellular programs. The complex and rather contradictory function of autophagy in
tumorigenesis makes itself a promising but challenging
therapeutic target both in cancer treatment and prevention. In autophagy-competent tumor cells autophagy
increase can often be induced in response to different
chemo- and radiotherapies, representing mainly an adaptive survival mechanism, but provoking simultaneously
treatment resistance. Therefore it has been hypothesized
that concurrent pharmacologic inhibition of autophagy,
as an adjuvant may sensitize tumor cells to a spectrum of
anticancer drugs[22,26,27]. In cases of autophagy-deficient
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Solitary rectal ulcer syndrome in children: A literature review
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tant problem as reflected by persistence of symptoms,
especially rectal bleeding. In this review, we discuss
current diagnosis and treatment for SRUS.
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INVITED COMMENTARY ON HOT
ARTICLES

Abstract
Solitary rectal ulcer syndrome (SRUS) is a benign and
chronic disorder well known in young adults and less
in children. It is often related to prolonged excessive
straining or abnormal defecation and clinically presents
as rectal bleeding, copious mucus discharge, feeling
of incomplete defecation, and rarely rectal prolapse.
SRUS is diagnosed based on clinical symptoms and
endoscopic and histological findings. The current treatments are suboptimal, and despite correct diagnosis,
outcomes can be unsatisfactory. Some treatment
protocols for SRUS include conservative management
such as family reassurance, regulation of toilet habits,
avoidance of straining, encouragement of a high-fiber
diet, topical treatments with salicylate, sulfasalazine,
steroids and sucralfate, and surgery. In children, SRUS
is relatively uncommon but troublesome and easily
misdiagnosed with other common diseases, however, it
is being reported more than in the past. This condition
in children is benign; however, morbidity is an impor-

WJG|www.wjgnet.com

Solitary rectal ulcer syndrome (SRUS) is an uncommon
chronic and benign rectal disorder often related to abnormal defecation or straining. It was first described by
Cruveilhier[1] in 1829, when he reported four unusual
cases of rectal ulcers. The term “solitary ulcers of the
rectum” was used by Lloyd-Davis in the late 1930s and
in 1969 the disease became widely recognized after a
review of 68 cases by Madigan et al[2] and few years later,
a more detail pathogenic concept of the disease was
reported by Rutter et al[3]. SRUS is an infrequent or unrecognized or misdiagnosed disorder, with an estimated
prevalence of 1 in 100 000 persons per year[4]. Solitary
rectal ulcer is a misnomer as ulcers are found in 40% of
patients, while 20% of patients have a solitary ulcer, and
the rest of the lesions are different in shape and size,
including hyperemic mucosa to broad-based polypoid
lesions[5]. The disease process also may involve the sig-
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moid colon[6].
Although it is uncommon, it is well recognized in adult
populations[3]. SRUS seems to be rare in childhood[7-10]
and may masquerade as other more common conditions,
causing difficult-to-manage lower gastrointestinal symptoms. Opinion differs regarding the best treatment for this
troublesome condition, varying from conservative management and enema preparations to more invasive surgical
procedures such as rectopexy[11].
In this review article, several aspects of this syndrome will be evaluated with an especial focus on the
condition in children. Detailed risk factors, causes, and
treatment methods will help guide future treatment and
prevention strategies in children.

digital manipulation to assist with a bowel movement
is variably reported in patients with SRUS[15,29]. Brightred blood from the rectum or mucoid rectal discharge,
tenesmus, proctalgia, and constipation are the major
symptoms. Some children present with apparent diarrhea (because of prolonged visits to the bathroom) and
the associated bleeding, abdominal pain, and tenesmus
may suggest to clinicians the presence of inflammatory
bowel disease[25].
Diagnosis
SRUS is a relatively uncommon but bothersome and
easily misdiagnosed condition of childhood. Clinical
suspicion and paraclinical evaluations are needed and
diagnosis is via symptomatology in combination with
endoscopic and histological findings [17]. A complete
and thorough history is most important in the initial
diagnosis of SRUS. It is essential to differentiate SRUS
from other devastating, chronic, and potentially lethal
disorders such as inflammatory bowel disease, amebiasis,
lymphogranuloma venereum, chronic ischemic colitis,
endometriosis, colitis cystica profunda, and malignancy.
Obstructive symptoms (anismus) in children may be
interpreted by parents as constipation. Concomitant haematochezia may be misinterpreted as originating from an
anal fissure caused by constipation, or as other causes of
rectal bleeding such as a juvenile polyp[30-32].
Defecography is a useful method for determining
the presence of intussusception or internal or external
mucosal prolapse and can demonstrate a hidden prolapse, as well as a non-relaxing puborectalis muscle and
incomplete or delayed rectal emptying[33]. Barium enema
shows granularity of the mucosa, polypoid lesion, rectal
stricture and ulceration, and thickened rectal folds; all of
which are nonspecific findings[33,34]. Temiz et al[35] have
recommended that defecography and anorectal manometry should be performed in all children with SRUS to
define the primary pathophysiological abnormality and
to select the most appropriate treatment protocol.
The endoscopic spectrum of SRUS varies from simple hyperemic mucosa to small or giant ulcers to broadbased polypoid lesions of different sizes. Macroscopically, SRUS typically appears as shallow ulcerating lesions
on a hyperemic surrounding mucosa, most often located
on the anterior wall of the rectum at 5-10 cm from the
anal verge. Ulcers may range from 0.5 to 4 cm in diameter but usually are 1-1.5 cm in diameter[5,15,30].
Histological examination of biopsy material is necessary to confirm a diagnosis of SRUS. The histological
criteria for diagnosis are as follows: fibrous obliteration
of the lamina propria, streaming of fibroblasts and
muscle fibers between crypts, thickening of muscularis
mucosa, branching and distorted glandular crypts and
diffuse collagen infiltration of the lamina propria[15,36-38].
Recent studies have shown the usefulness of anorectal ultrasound in assessing internal anal sphincter
thickness, which is shown to be increased in patients
with this syndrome[37,39], and it has been suggested that

Pathophysiology and clinical presentation
The pathophysiology of SRUS is incompletely understood; however, rectal hypersensitivity leading to the
persistent desire to defecate and sensation of incomplete
evacuation may have a role in SRUS[12]. Inappropriate
contraction of the puborectalis muscle and rectal mucosal prolapse have been commonly implicated, although
trauma and ischemia have been suspected in some children[7,13]. In children, secondary to chronic mechanical
and ischemic trauma, inflammation by hard stools, and
intussusception of the rectal mucosa, some histological features of SRUS can be seen such as fibromuscular
obliteration of the lamina propria and disorientation of
muscle fibers[14].
In our previous study of 256 children who were evaluated endoscopically for recurrent lower gastrointestinal
bleeding, 4.7% had this syndrome[15]. In adult patients,
men and women are affected equally, with a small predominance for women[16], but 75%-80% of children with
SRUS are boys[15,17]. Suresh et al[18] have evaluated 325 children aged < 18 years during 8 years for various indications
such as bleeding, polyps and anal fissure. Twenty-two
(6.8%) children were diagnosed with SRUS and ranged in
age from 18 months to 18 years (median: 10 years), and
18 (81.8%) of these were ≥ 8 years of age. The male to
female ratio in this group was 1.4:1. To date, the youngest
patient with SRUS was a child of 1.5 years[18]; Gabra et al[19]
also have reported two boys with SRUS who were 2 and 3
years old.
The average time from the onset of symptoms to
diagnosis is 5 years, ranging from 3 mo to 30 years in
adults, which is longer than in pediatric patients (3.2
years, range: 1.2-5.5 years)[15,17,20-22]. This syndrome results
from obstructed defecation secondary to internal rectal
prolapse with a collection of symptoms including rectal
bleeding, passage of mucus and straining on defecation, perineal and abdominal pain, tenesmus, feelings
of incomplete defecation, constipation, and rectal prolapse[23-25]. The amount of blood varies from a little fresh
blood to severe hemorrhage that requires blood transfusion[26-28]. Up to 26% of patients can be asymptomatic
and may not show the bleeding that is discovered incidentally while investigating other diseases[5]. The use of
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sonographic evidence of a thick internal anal sphincter
is highly predictive of high-grade rectal prolapse and intussusception in patients with SRUS[39].
There is a need for a high index of suspicion for the
possibility of SRUS in young children with clinical picture of nonspecific proctitis.

Early recognition and management of these patients
may avoid some of the chronic long-term morbidity often associated with this condition; however, late relapse
because of noncompliance is a substantial risk and children should be followed up long term.
SRUS is thought to be part of the bigger disease process known as mucosal prolapse syndrome, which incorporates inflammatory cloacogenic polyps, inflammatory
cap polyps, and gastric antral vascular ectasia. In fact, all
these syndromes have the same histological features[61].
As a result of the wide endoscopic spectrum of SRUS
and the fact that the condition may go unrecognized
or, more commonly, misdiagnosed, it is crucial to take
biopsy specimens from the involved area to make a positive confirmation of the diagnosis and to exclude other
diagnoses including malignancy[31,62].
The exact etiology is unknown[30,63,64] but it has also
been noted that this syndrome is often associated with
trauma resulting in focal ischemia and ulceration, pelvic
floor disorders[64], mucosal prolapse[14,52,64,65] and/or a
larger systemic process[66]. Also, it has been associated
with perineal descent, nonrelaxing puborectalis syndrome, and rectal prolapse[21,52]. In children, paradoxical
contraction of pelvic floor and external anal sphincter
muscles contributes to constipation, rectal prolapse,
ischemia and finally rectal ulcer.
Diversity of the clinical presentation of SRUS requires a high index of suspicion of both the clinician
and the pathologist for the definite diagnosis[30].
The clinicopathological similarities between SRUS
and inflammatory bowel disease and the limited pediatric
experience of these conditions may lead to difficulties
in differentiating these conditions, and could result in
under-reporting of SRUS in this age group.
It can present as more common childhood intestinal conditions such as inflammatory bowel disease or
constipation, causing difficult-to-manage lower gastrointestinal symptoms. Also, it may present as polypoid
mass lesions[67]. A biopsy is required for confirmation
of diagnosis, because ulceration may not be apparent at
the time of endoscopy. SRUS should be considered in
children presenting with rectal bleeding, mucorrhea and
excessive straining during defecation.
Biofeedback[44,45,47,48], sucralfate enema[15,50] and surgery seem to be ideal strategies because they aim to correct the underlying processes[57,58]. Behavioral modification or biofeedback therapy improves both rectal blood
flow and symptoms and includes bowel habit training,
avoiding excessive straining, and normalization of pelvic
floor coordination[46-48,68,69]. Surgery is indicated in children with persistent bleeding per rectum not amenable
to medical therapy and includes rectopexy, excision of
ulcer, and rarely colostomy[42-44,56]. In children, a multitude of procedures have been advocated for rectopexy
and a cure rate of at least 90% has been reported for
posterosagittal rectopexy[43]. Also, El-Hemaly et al[70] have
reported that the results of surgery and biofeedback are
satisfactory in comparison to conservative treatment.

Treatment
The most frustrating aspect of SRUS is the difficulty in
treatment; experiences have shown that most therapeutic
regimens are inadequate. There are few data on treatment and its outcome in children with SRUS. In most
reported pediatric case series, active intervention using
enemas [15], laxatives [40], and surgical approaches have
been used more frequently than behavioral modification,
mainly biofeedback therapy in adults[11,41-45].
Some suggestions for the treatment of SRUS include
reassurance of the patient and parents that the lesion is
benign, encouragement of a high-fiber diet[46], avoidance
of straining, regulation of toilet habits, and attempt to
discuss any psychosocial factors[20,36,37,47,48]. The use of a
high-fiber diet, in combination with stool softeners and
bulking laxatives, and avoidance of straining have had
varying responses[4,46].
In children, primary medical treatment is proposed for
most cases[49]. Topical application of sucralfate can be effective for treatment of SRUS in some patients[15,50]. Many
medications that are useful in the treatment of patients
with inflammatory bowel disease have been tried in those
with SRUS, such as sulfasalazine and corticosteroids, with
varying responses[16,51]. In one study, oral salicylate and other
topical agents such as mesalamine and steroids were not
effective[52]. Endoscopic application of human fibrin sealant[53], laser therapy[54], and biofeedback[45,47,48] are some of
the effective treatment methods for SRUS.
A therapeutic role for botulinum toxin injection into
the external anal sphincter for the treatment of SRUS and
constipation associated with dyssynergia of defecation dynamics has been reported by Keshtgar et al[55]. The effect
of botulinum toxin lasts approximately 3 mo, which may
be more beneficial than biofeedback therapy[55].
Surgical methods for treatment of SRUS are rectopexy[42,43,56], excision[4,5,16] and Delorme’s procedure[41,44,57,58].
The choice of treatment protocol depends on acuteness of symptoms and whether there is an underlying
rectal prolapse or not[25,31]. Maintaining compliance in
children may prevent progression to the type of longterm morbidity and treatment resistance sometimes seen
in adults with this condition[25]. Recommended treatment
in children by Abbas et al[59] is initially conservative, but,
if that fails, transrectal resection followed by a high-fiber
diet. Conservative management including behavioral
modification and reduction of time spent straining at defecation has been reported as a good method[25,46,60].
Compliance with simple behavioral modification appears to produce a good outcome in childhood SRUS,
probably because of the short disease duration compared with adults.
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Most patients with SRUS in childhood have a satisfactory outcome using a simple behavioral modification approach. Ongoing follow-up to reinforce behavioral modification is important and may avoid long-term, treatmentresistant disease into adulthood. Despite the previous
reports about SRUS in children that indicate low prevalence of the disease in childhood, recently we have been
faced with higher prevalence rates in this age group. It
seems that detailed and effective diagnosis methods such
as endoscopy and histological examinations, as well as
more attention by clinicians to this syndrome in children,
have improved the diagnosis rate of the disease. Despite
this being a benign condition in children, morbidity remains a problem as reflected by persistence of symptoms
especially bleeding per rectum. Therefore, we are faced
with an important condition that needs more attention
and attempts for prevention and treatment.
More studies are needed to evaluate all of the aspects
of the syndrome in children and to recommend the best
treatment protocol. Every child with SRUS must be assessed individually using all modalities of investigation
to define clearly the underlying pathophysiology, and to
select the appropriate treatment strategies.
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Genetic and epigenetic variants influencing the
development of nonalcoholic fatty liver disease
Yu-Yuan Li
mechanism unrelated to alteration of primary DNA sequences. Epigenetic regulation mainly includes microRNAs (miRs), DNA methylation, histone modifications
and ubiquitination, among which miRs are studied most
extensively. miRs are small natural single stranded RNA
molecules regulating mRNA degradation or translation
inhibition, subsequently altering protein expression of
target genes. The miR-122, a highly abundant miR accounting for nearly 70% of all miRs in the liver, is significantly under-expressed in NAFLD subjects. Inhibition
of miR-122 with an antisense oligonucleotide results
in decreased mRNA expression of lipogenic genes and
improvement of liver steatosis. The investigation into
epigenetic involvement in NAFLD pathogenesis is just
at the beginning and needs to be refined. This review
summarizes the roles of genetics and epigenetics in the
development of NAFLD. The progress made in this field
may provide novel diagnostic biomarkers and therapeutic targets for NAFLD management.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is common
worldwide. The importance of genetic and epigenetic changes in etiology and pathogenesis of NAFLD
has been increasingly recognized. However, the exact mechanism is largely unknown. A large number
of single nucleotide polymorphisms (SNPs) related
to NAFLD has been documented by candidate gene
studies (CGSs). Among these genes, peroxisome proliferatoractivated receptor-γ, adiponectin, leptin and
tumor necrosis factor-α were frequently reported. Since
the introduction of genome-wide association studies
(GWASs), there have been significant advances in our
understanding of genomic variations of NAFLD. Patatinlike phospholipase domain containing family member
A3 (PNPLA3, SNP rs738409, encoding I148M), also
termed adiponutrin, has caught most attention. The
evidence that PNPLA3 is associated with increased
hepatic fat levels and hepatic inflammation has been
validated by a series of studies. Epigenetic modification
refers to phenotypic changes caused by an adaptive

WJG|www.wjgnet.com

© 2012 Baishideng. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Epigenetic;
MicroRNA; Methylation
Peer reviewers: Manuel Romero-Gómez, Professor of Medi-

cine, Digestive Diseases Unit, Hospital Universitario de Valme,
Avenida de Bellavista s/n, 41014 Sevilla, Spain; Francesco Feo,
Professor, Department of Biomedical Sciences, Section of Experimental Pathology and Oncology, University of Sassari, Via
P, Manzella 4, 07100 Sassari, Italy; Sung-Gil Chi, Professor,
School of Life Sciences and Biotechnology, Korea University,
No. 301, Nok-Ji Building, Seoul 136-701, South Korea
Li YY. Genetic and epigenetic variants influencing the development of nonalcoholic fatty liver disease. World J Gastroenterol
2012; 18(45): 6546-6551 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v18/i45/6546.htm DOI: http://
dx.doi.org/10.3748/wjg.v18.i45.6546

6546

December 7, 2012|Volume 18|Issue 45|

Li YY. Genetic/epigenetic and NAFLD

(PPAR-γ); second, genes influencing hepatic free fatty
acid metabolism, such as hepatic lipase, leptin (or leptin
receptor), adiponectin, microsomal triglyceride transfer
protein, phosphatidylethanolamine N-methyltransferase
(PEMT), PPAR-γ, cytochrome P 450, 2E1 and 4A; third,
cytokine-related genes, such as tumor necrosis factor-α
(TNF-α) and interleukin-10; fourth, genes affecting liver
fibrogenic pathways, such as leptin, adiponectin, transforming growth factor beta1, connective tissue growth
factor and angiotensinogen; and finally, genes encoding
endotoxin receptors and oxidative stress responses, such
as CD14, superoxide dismutase-2 and toll-like receptor-4.
Among these genes, PPAR-γ, adiponectin, leptin and
TNF-α were frequently reported in the field of MetS as
well as NAFLD[11,13,16]. It is noted that one gene may have
a number of SNPs at several nucleotide loci. For example,
the SNPs at the PPAR-γ gene involved in MetS may occur at the loci of C-681G, C-689T, Pro12Ala, G67222A,
A69208G, G81556T, T95872C, T115432G, C127599T
and C161T, but only a few of them have been investigated
extensively[17,18].
There is evidence supporting the theory that these
genetic factors account for considerable variability in susceptibility to NAFLD. The SNPs may increase or decrease
the function of the target genes and their encoding proteins. We have previously demonstrated that many candidate genes’ SNPs mentioned above are associated with
susceptibility to NAFLD. Some showed positive relationships (increased risk), i.e., TNF-α-238, adiponectin-45,
leptin-2548, PPAR-γ-161 and PEMT-175. Other SNPs
demonstrated a negative association (decreased risk), i.e.,
adiponectin-276 and hepatic lipase-514. Two were not relevant, i.e., TNF-α-380 and PPAR-γ coactivator-1a-482[19].
Gene variations might affect the pathogenesis of NAFLD
via blood cytokines (such as leptin and adiponectin) and
insulin resistance pathways[19,20]. Although many pathobiological candidacies of SNPs were reported, most studies
in literature have not been well validated by larger replication cohorts. The findings in candidate gene studies might
be influenced by specific ethnic groups or environmental
conditions.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of the
most common forms of chronic liver diseases and a cause
of elevated serum aminotransferases worldwide. The
prevalence of NAFLD in the general population of Western countries ranges from 20% to 30%[1-3]. Due to the
alterations of diet structure and life style, the prevalence
of NAFLD in developing countries has been increasing
rapidly[4]. Recent studies, including one from our group
indicate that the prevalence of NAFLD in Chinese population is about 15%[5-7]. The term NAFLD encompasses a
morphological spectrum of diseases, ranging from simple
fatty liver (SFL) to nonalcoholic steatohepatitis (NASH)
and hepatic cirrhosis, which may progress to hepatocellular carcinoma (HCC). SFL generally has a benign prognosis. Only a minority of them develop NASH, which
is characterized by inflammation, fibrosis and liver cell
injury[8,9].
NAFLD has been shown to be associated with metabolic syndrome (MetS), which comprises obesity, type 2
diabetes, dyslipidemia and high blood pressure with insulin
resistance being the central mechanism. NAFLD is presently considered the hepatic manifestation of MetS[5,6,8,10].
It is generally believed that environmental and genetic
factors interact to produce NAFLD phenotype and determine its progression. However, the detailed pathogenesis
that determines which individual develops NAFLD remains unclear. Recently, the emerging field of epigenetics
shed lights on the pathogenesis of chronic liver disease
including NAFLD[11,12]. Elucidation of genetic and epigenetic factors that predispose an individual to NAFLD
may lead to development of noninvasive biomarkers for
early diagnosis of NAFLD and may allow early preventive
and therapeutic strategies for the people at the high risk.
This review summarizes recent contributions to the field
of the genetic and epigenetic variations that influence the
development of NAFLD.

GENETIC VARIATIONS
Candidate gene studies
The genetic variations may result in conformational changes in the protein structures and functions of the genes.
NAFLD is an exceedingly complex genetic disorder. Before 2008, the candidate genes based on the prior knowledge of MetS and NAFLD pathophysiology were selected for investigation[11,13]. In comparison with NAFLD,
the relationships between the genotypes and phenotypes
of MetS have been examined more extensively. A large
number of single nucleotide polymorphisms (SNPs) at
the genes encoding proteins involved in insulin resistance
has been revealed to be associated with the development
of MetS[14,15]. As there is substantial overlap in the pathogenesis of NAFLD and MetS, theoretically, many variations in candidate genes related to MetS may contribute
to the pathogenesis of NAFLD: first, genes related to
insulin resistance, such as adiponectin, resistin, insulin receptor, and peroxisome proliferatoractivated receptors-γ
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Genome-wide association studies
Since the introduction of genome-wide association studies (GWASs) to investigate genomic variations, there have
been significant advances in our understanding of human
genome and its clinical sequelae over a range of diseases.
More than 3.1 million SNPs have been identified so far.
The International HapMap Project (http://hapmap.ncbi.
nlm.nih.gov) has characterized patterns of SNPs across
individuals from diverse ethnic backgrounds[16,21,22]. Although a number of GWASs has been published in the
field of MetS (type 2 diabetes and insulin resistance)[23],
and other liver diseases (HCC, hepatitis B, hepatitis C,
drug-induced liver injury and primary biliary cirrhosis)[16,24,25], only a few studies were carried out on NAFLD.
In 2008, the first GWAS on NAFLD was reported by
Romeo et al[26]. In this population-based study, noninvasive
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proton magnetic resonance spectroscopy (1H-MRS) was
applied to assess hepatic steatosis. Totally, 2111 individuals comprising a mixed population of Hispanic, African
American, and European American were enrolled. Nonsynonymous sequence variations of 9229 SNPs were identified in NAFLD group compared with normal controls.
An allele of patatin like phospholipase domain containing
family member A3 (PNPLA3, SNP rs738409, encoding
I148M), also termed adiponutrin, on chromosome 22 was
shown to be strongly associated with increased hepatic fat
levels and hepatic inflammation. This allele was most common in Hispanics, the group most susceptible to NAFLD,
with hepatic fat content being more than twofold higher
in G homozygous subjects than in non-carriers. G allele
frequency was lower in people of European descents and
lowest in African Americans, the group found to have the
lowest level of hepatic triglyceride accumulation. These
findings were validated by another GWAS. Totally 1117
individuals with histologically confirmed NAFLD were
genotyped for six SNPs relevant to hepatic fat levels and
liver enzymes. PNPLA3 was significantly associated with
steatosis, portal inflammation, lobular inflammation, Mallory-Denk bodies, NAFLD activity score and fibrosis[27].
Subsequently, the extension of the hepatic phenotype associated with the PNPLA3 genotype was independently
replicated in both adult and pediatric subjects with simple
steatosis, NASH and NASH-related fibrosis using different laboratory techniques[28-33]. There was evidence that
carriers of PNPLA3 exhibited more severe steatohepatitis
and higher levels of fibrosis. PNPLA3 was consistent with
the concept of NASH rather than the broader features of
the MetS, such as body mass index, dyslipidemia, and type
2 diabetes mellitus. The influence of PNPLA3 on hepatic
steatosis was not through insulin resistance pathway as assessed by hyperinsulinaemic, euglycaemic clamp and oral
glucose tolerance testing[27-29,32,34,35]. Recently a meta-analysis enrolling 16 studies (2937 subjects) was performed to
evaluate the association of PNPLA3 with NAFLD. The
results showed that PNPLA3 exerted a strong influence
not only on liver fat accumulation (the GG homozygous
subjects had a 73% higher lipid fat content compared
with CC ones), but also on higher susceptibility to liver
disorders (GG homozygous subjects had 3.24-fold higher
risk of higher necro-inflammatory scores and 3.2-fold
higher risk of developing fibrosis compared with CC homozygous ones). The PNPLA3 GG genotype vs the CC
genotype was associated with a 28% increase in alanine
transaminase (ALT) level. NASH was more frequently
observed in GG than in CC homozygous subjects (odds
ratio 3.488, 95%CI: 1.859-6.545). Nevertheless, carrying
GG alleles did not seem to increase the risk of severe
histological features[36]. In a clinical study recruiting 302
subjects with 1H-MRS-confirmed NAFLD whose genotyping was determined with TaqMan polymerase chain reaction (PCR), a SNP (rs767870) at adiponectin receptors
2 (ADIPOR2), but not at ADIPOR1 and PPAR gene, was
found to link to a higher liver fat content. In this study,
PNPLA3 was not tested[37].
Although most studies supported the association be-
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tween PNPLA3 and NAFLD, a few reports failed to validate this finding. In a GWAS enrolling 236 women with
biopsy-confirmed NAFLD, no association for any feature
of NAFLD with PNPLA3 was found. Another SNP
(rs2645424) on chromosome 8 in the farnesyl diphosphate
farnesyl transferase 1 gene, generating an enzyme with a
role in cholesterol biosynthesis, was identified to relate to
the severity of NAFLD histology including NAFLD activity score, liver fibrosis, lobular inflammation as well as
increased ALT[38].
The results from GWASs shed light on the understanding of the genetics in NAFLD, as the loci identified
are frequently novel and have not previously been implicated. However, such findings require further detailed
studies both to determine the activity and to validate the
causality, as neither biological functions nor pathogenic
mechanisms of these genetic variations are known.

EPIGENETIC MODIFICATIONS
During the past decade, the role of epigenetic mechanisms in the pathogenesis of disease has been increasingly
recognized. Epigenetic modification, mainly including
microRNAs (miRNAs, miRs), DNA methylation, histone
modification and ubiquitination, refers to phenotypic
changes caused by the mechanism that is unrelated to
changes in the underlying DNA sequence. As an adaptive
mechanism to alteration of genetic and environmental
signal patterns and epigenetic regulation, which allows
fine-tuning gene expression, is essential for the proper
maintenance of cellular homeostasis. Disruption of the
balance will lead to the development of a wide range of
disorders. So far, epigenetic research has mainly focused
on cancer, cardiovascular disease, mental illness and autoimmune disease. The roles of epigenetics in the pathogenesis of NAFLD are largely unknown[39]. Among epigenetic modifications, miRs are studied most extensively
in NAFLD. miRs are small naturally occurring single
stranded RNA molecules regulating mRNA degradation
or translation inhibition, subsequently altering protein
expression of target genes. One miR can target multiple
genes (multiplicity) and multiple miRs may target a single
gene (cooperativity). Since the first discovery in 1993,
many miRs in various organisms have been determined.
To date, more than 1420 miRs have been identified in humans (miRBase v17). (http://www.mirbase.org/)[40,41]. The
expression of miRs is both organ-specific and dependent
on the stage of development. miRs influence at least onethird of all human transcripts and are known regulators
of important cellular processes, e.g., cell metabolism, cell
proliferation, apoptosis, immune function, tissue development and differentiation[42,43]. It has recently been shown
that some 100 miRs are differentially expressed in human
NASH. These miRs have diverse functions involved in the
pathogenesis of NAFLD, including metabolisms of lipid
and glucose, regulations of the unfolded protein response,
endoplasmic reticulum stress, oxidative stress, cellular differentiation, inflammation, apoptosis and so on[44,45]. In a

6548

December 7, 2012|Volume 18|Issue 45|

Li YY. Genetic/epigenetic and NAFLD

clinical study, the miR profiles of 15 patients with biopsyproven NASH and 15 controls with normal liver histology were investigated. Out of a total of 474 tested miRs,
46 were differentially expressed in NASH with 23 being
up-regulated (in particular, miR-34a and miR-146b), and
23 being down-regulated (in particular, miR-122). These
differentially expressed miRs were further validated by
quantitative real-time PCR[45].
The miR-122, a highly abundant miR in the liver, has
caught most attention in liver diseases. Accounting for
nearly 70% of all miRs in the liver, miR-122 is significantly under-expressed (63%) in NASH subjects compared
to controls[45,46]. In addition to its role in lipid and cholesterol metabolism, miR-122 has been shown to promote
adipocyte differentiation[42]. Subsequently, the roles of
miR-122 in the pathogenesis of NAFLD were confirmed
by a number of studies. Inhibition of miR-122 in a dietinduced obesity mouse model with an antisense oligonucleotide treatment resulted in decreased mRNA expression of acetyl-coenzyme-A carboxylase-2, fatty acid synthetase, sterol regulatory element binding proteins 1-c, 2,
stearoyl-CoA desaturase and 3-hydroxy-3-methyl-glutaryl
coenzyme A (HMG CoA) reductase, all of which were
key lipogenic factors in human NASH. The histology also
showed substantial improvement in liver steatosis[47]. The
results were validated by another study in mice, in which
the plasma cholesterol level, hepatic fatty-acid and cholesterol synthesis rate as well as HMG-CoA reductase level
were significantly decreased after silencing miR-122[42].
All these findings strongly suggested the significance of
miR-122 in the regulation of lipid metabolism and the
contribution to the development of NAFLD. A further study suggested that miR-122 was closely linked to
the output system of the circadian clock by regulating
circadianly expressed genes[48]. Besides miR-122, some
miRs have been demonstrated to be involved in NAFLD
development. miR-34a and miR-146b were shown to be
significantly over-expressed (99% and 80%, respectively)
in human NASH[45]. The expression of miR-335 in the
liver and white adipose tissue was up-regulated in mice.
The increased miR-335 expression was associated with
increased body, liver and white adipose tissue weight, as
well as elevated hepatic triglyceride and cholesterol levels.
Furthermore, hepatic miR-335 level was closely correlated
with the expression of adipocyte differentiation markers,
i.e., PPAR-α and FAS in adipocyte[49]. The presence of
miR-181d significantly decreased lipid droplets in the liver
(60%), and subsequently reduced cellular triglyceride and
cholesterol[50]. miR-10b regulated steatosis level through
PPAR-α pathway in a steatotic hepatocyte (L02 cell line)
model. The post-transcriptional regulation of PPAR-α by
miR-10b was maintained by a single binding site[51].
Aberrant methylation patterns of genomic DNA have
been studied in many diseases. Hypermethylation of CpG
islands is generally associated with gene silencing, and hypomethylation of global genomic DNA affects genomic
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stability. Hypermethylation of multiple genes in CpG
islands has been demonstrated in human HCC, in which
CpG island methylator phenotype was involved in the promoter hypermethylation of multiple genes[52]. However,
the relation of DNA methylation to NAFLD development
has not been well documented. A recent study enrolling
63 NAFLD patients confirmed by liver biopsies and 11
controls showed a tight interaction between the presence
of NAFLD and hepatic DNA methylation of CpG in
PPAR-γ coactivator 1α (PPARGC1A) and mitochondrial
transcription factor A (TFAM) promoters. The proportion of DNA methylation in PPARGC1A and TFAM was
significantly higher in the NAFLD livers than in the controls. However, the histological severity and activity scores
of NAFLD were not correlated to methylation level and
methylated DNA/unmethylated DNA ratio either in
PPARGC1A or TFAM promoter[53]. The development
of hepatic steatosis in a mouse model was accompanied
by prominent epigenetic abnormalities, which comprised
pronounced loss of genomic and repetitive sequences
cytosine methylation, increased level of repeat-associated
transcripts, aberrant histone modifications and alterations
in expression of the maintenance DNA methyltransferase
1 (DNMT1) and de novo DNMT3A proteins in the livers[54].
Ubiquitination and sumoylation (sumo: abbreviation of
small ubiquitin-like protein) are recently demonstrated to
be novel forms of post-translational modifications (PTMs).
PTMs of transcription factors through the course of protein processing play important roles in controlling many
biological events[55]. The research of ubiquitination related
to NAFLD is just at the beginning. In a study investigating the hepatic gene networks in morbidly obese patients
with NAFLD, hepatic fibrosis signaling was found to be
the most significant pathway in the up-regulated NAFLD
gene cluster, whereas the endoplasmic reticulum stress and
protein ubiquitination pathways to be the most significant
pathways in the down-regulated NAFLD gene cluster[56].
Besides ubiquitination, transcription factors can undergo
several types of PTMs, including acetylation, phosphorylation, and glycosylation. Little is known about their role in
NAFLD so far[55].
In conclusion, environmental and genetic factors interact to produce NAFLD phenotype and to determine its
progression. This review summarizes the current knowledge of genetic and epigenetic determinations on NAFLD.
Genetic variations (e.g., SNPs) account for only a small fraction of environmental and heritable disease risks, whereas
epigenetic modifications (e.g., miRs, DNA methylation
histone modifications and ubiquitination) affect a bigger
proportion of disease phenotypes. The investigation into
the potential roles of epigenetics in NAFLD is just at the
beginning and needs to be refined. The accumulation of
genetic and epigenetic knowledge related to NAFLD has
provided novel insight into disease pathogenesis, and may
help to develop new diagnostic biomarkers and therapeutic
targets for NAFLD management.
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REVIEW

Way back for fructose and liver metabolism: Bench side to
molecular insights
Alba Rebollo, Núria Roglans, Marta Alegret, Juan C Laguna
viewed evidence from experimental animals and human
data that confirms the deleterious effect of fructose on
lipid and glucose metabolism. In this present review we
update the information generated in the past 2 years
about high consumption of fructose-enriched beverages
and the occurrence of metabolic disturbances, especially NAFLD, type 2 diabetes mellitus, and metabolic
syndrome. We have explored recent data from observational and experimental human studies, as well as
experimental data from animal and cell models. Finally,
using information generated in our laboratory and others, we provide a view of the molecular mechanisms
that may be specifically involved in the development of
liver lipid and glucose metabolic alterations after fructose consumption in liquid form.
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Abstract
The World Health Organization recommends that the
daily intake of added sugars should make up no more
than 10% of total energy. The consumption of sugarsweetened beverages is the main source of added sugars. Fructose, together with glucose, as a component
of high fructose corn syrups or as a component of the
sucrose molecule, is one of the main sweeteners present in this kind of beverages. Data from prospective
and intervention studies clearly point to high fructose
consumption, mainly in the form of sweetened beverages, as a risk factor for several metabolic diseases in
humans. The incidence of hypertension, nonalcoholic
fatty liver disease (NAFLD), dyslipidemia (mainly hypertriglyceridemia), insulin resistance, type 2 diabetes
mellitus, obesity, and the cluster of many of these pathologies in the form of metabolic syndrome is higher
in human population segments that show high intake
of fructose. Adolescent and young adults from lowincome families are especially at risk. We recently re-
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INTRODUCTION
At the end of 2011, the United Nations declared that, for
the first time in the history of humanity, non-communicable diseases had outpaced infectious diseases as the main
threat to human health globally. Among them, cardiovas-
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to 1200-1500 kcal/d (55% vs 28%, respectively), despite
the fact that both interventions similarly reduced body
weight (by about 4.3%). In a randomized intervention
study comparing the consumption of sucrose-sweetened
beverages (1 L/d for 6 mo) with other isocaloric beverages in obese subjects, Maersk et al[12] demonstrated that
sucrose significantly increased triglyceride deposition, not
only in liver, but also in skeletal muscle and visceral adipose tissue.
In another intervention study in healthy people who
consumed a balanced diet supplemented with 150 g/d
fructose or glucose, Silbernagel et al[13] showed that endogenous cholesterol synthesis was associated with visceral
and liver fat content. However, in this study the strongest
association was observed in glucose-consuming individuals. Nevertheless, in a well-conducted interventional study
by Stanhope et al[14], subjects who consumed fructose (at
25% of energy requirements), either as such or as HFCS,
but not glucose, showed an increased fasting concentration of low density lipoprotein (LDL) cholesterol. Fructose consumption also increased the 24-h triglyceride
area under the curve and the fasting apolipoprotein (apo)B
concentration.
In a prospective cohort study that analyzed 40 389
healthy men over 20 years of follow up, de Koning et al[15]
clearly found an association between sugar-sweetened
beverage consumption and an elevated risk of type 2
diabetes mellitus. Although it was suggested that fructose
was mainly responsible for this association, Silbernagel
et al[16] did not find any differences between fructose and
glucose in the reduction of insulin sensitivity when these
sugars were administered to 20 healthy subjects in a
small intervention study. However, plasma triacylglycerol
concentrations only increased significantly in the fructose group.
Fructose-induced obesity is closely related to type 2
diabetes mellitus. In a well- conducted intervention study
by Cox et al[17] in overweight/obese male and female
subjects, consumption of fructose (at 25% of energy
requirements for 10 wk), but not glucose, clearly led to
significant decreases in net postprandial fat oxidation
and resting energy expenditure, thus contributing to the
build-up of excess energy substrates. Furthermore, in
one of the population segments at high risk of fructoserelated obesity, Maier et al[18] demonstrated that a significant reduction in fructose and/or general sugar intake
over a short period of time (3 mo) in overweight and
obese children may reduce the body mass index. Mainly
through increases in visceral fat, fructose-induced obesity is positively associated in adolescents with cardiometabolic risk markers, such as systolic blood pressure,
fasting glucose, homeostasis model assessment-estimated
insulin resistance index, and C-reactive protein[19].
Cardiovascular accidents originate as thrombi deposits
on atheromatous plaques, which obstruct blood circulation[20]. Atherosclerosis is promoted by dyslipidemia, hypertension, and chronic low-grade inflammation. Besides
increasing plasma triglycerides and LDL cholesterol[14],

cular diseases associated with metabolic disorders, such as
obesity, metabolic syndrome, and type 2 diabetes mellitus,
are of paramount importance. Changes in human dietary
habits in recent decades have led to the consumption of
hypercaloric diets that are rich in saturated fats and simple
sugars (sucrose, glucose and fructose). This, combined
with decreased physical activity, is one of the key factors contributing to the ever-increasing prevalence of
metabolic disorders. This situation recently prompted
Lustig et al[1] to request the legal regulation of foodstuffs
containing added sugars in a way similar to the control of
tobacco and alcohol.
The World Health Organization recommends that
the daily intake of added sugars should make up no
more than 10% of total energy[2]. The consumption of
sugar-sweetened beverages is the main source of added
sugars[3]. Fructose, together with glucose, as a component of high fructose corn syrups (HFCSs) or as a component of the sucrose molecule, is mainly responsible
for the metabolic disturbances associated with excessive
consumption of added sugars. We recently reviewed
evidence from experimental animals and human data
that confirms the deleterious effect of fructose on lipid
and glucose metabolism[4]. Given the relevance of this
issue to public health policies, in this review we update
information on the effects of fructose on human health.
We focus also on new experimental data from our laboratory and others on molecular mechanisms involved in
the disturbance of liver metabolism by fructose.

FRUCTOSE: THE BENCH SIDE
Data from prospective and intervention studies clearly
point to high fructose consumption, mainly in the form
of sweetened beverages, as a risk factor for several metabolic diseases in humans. The incidence of hypertension,
nonalcoholic fatty liver disease (NAFLD), dyslipidemia
(mainly hypertriglyceridemia), insulin resistance, type 2
diabetes mellitus, obesity, and the cluster of many of
these pathologies in the form of metabolic syndrome is
higher in human population segments that show high intake of fructose. Adolescent and young adults from lowincome families are especially at risk. We and others have
recently reviewed the evidence of this relationship[4-8].
In the present review, we provide an overview of recent
data, from 2011 onwards that has not been discussed
previously (Table 1). For readers interested in recent
reviews on this subject, particularly regarding fructose
consumption, uric acid metabolism and hypertension,
we refer to two excellent reviews published in 2011[9,10].
One of the ongoing controversies about fructose
consumption in humans is related to the difficulty in
identifying effects that are not strictly related to the simple consumption of an excess of daily calories. In a short
(2 wk) dietary intervention study in NAFLD subjects,
Browning et al[11] showed that carbohydrate restriction (<
20 g/d) was significantly more effective in reducing hepatic triglyceride content than the restriction of calories
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Table 1 Overview of fructose-related human studies
Authors

Subjects

Study characteristics

Sugar

Browning et al[11]

18 NAFLD (5 men,
13 women), BMI: 35
± 7 kg/m2

Maersk et al[12]

60 overweight/obese Randomized intervention study
S
nondiabetic subjects Ingestion of 4 different drinks (1 L/d, SSB,
isocaloric semiskim milk, aspartame-sweetened
and water) for 6 mo

Silbernagel et al[13] Healthy male (12)
and female (8)
adults
Stanhope et al[14]

de Koning et al[15]

Silbernagel et al[16]

Cox et al[17]

Maier et al[18]

Pollock et al[19]

Cox et al[21]

Brown et al[22]

Friberg et al[25]

Ye et al[26]

Dietary intervention study
150 g/d for 4 wk

Main results
Reductions in body weight (-4.6 ± 1.5 kg vs -4.0 ± 1.5
kg) and hepatic triglycerides (-55% ± 14% vs -28% ±
23%) were significantly greater with dietary carbohydrate restriction than with calorie restriction

Intervention study
2 wk dietary carbohydrate and calorie restriction

F and G

Daily intake of SSB with sucrose increased ectopic
fat accumulation (liver, skeletal muscle) and lipids
(blood cholesterol and triglycerides) compared with
the other beverages
Visceral and liver fat content associated to cholesterol synthesis
Cholesterol synthesis appeared to be dependent on
fructose/glucose intake
F consumption increased cardiovascular risk factors
(AUC-Tg, fasting LDL and apo B) more than G

48 adults, BMI 18-35 Dietary intervention study
F and G
kg/m2
Consumption of simple sugars at 25% of energy
requirements for 2 wk
40 389 healthy men Prospective cohort study
F, G and S After adjustment for several confounders, the
20 yr of follow-up of SSB and artificially sweet- SSB
hazard ratio for the association of SSB with incident
ened beverages consumption
type 2 diabetes was 1.24 for the comparison of the
top with the bottom quartile of SSB intake
Healthy male (12)
Dietary intervention study
F and G
Insulin sensitivity decreased in both intervention
and female (8)
150 g/d for 4 wk
groups, while plasma triglycerides were increased
adults
in the F group
Overweight/obese Intervention study
F and G
F-consuming subjects had a significant reduction in
male (16) and female 10 wk supplementation with SSB at 25% of
SSB
net postprandial fat oxidation and resting energy
(15) adults
energy requirements
expenditure
15 overweight/obese Dietary intervention study parental training
F, G and S Reductions in sugar intake were related to significhildren (5-8 yr)
to reduce dietary sugar content (–50% from
cant reductions in BMI and BMI standard deviation
baseline, 12 wk) and 12 wk of follow-up
scores
559 adolescents
Association study of F intake and cardiometa- F
After adjustment, higher F consumption directly
(14-18 yr)
bolic risk factors
associated to BP, fasting glucose, HOMA-IR and
C-reactive protein, and inversely to HDL-cholesterol and adiponectin. The introduction of visceral fat
as a covariate attenuated these trends
Overweight/obese Intervention study
F and G
Fasting concentrations of MCP-1, PAI-1 and
male (16) and female 10 wk supplementation with SSB at 25% of
SSB
E-selectin as well as postprandial concentrations of
(15) adults
energy requirements
PAI-1 increased in subjects consuming F but not in
those consuming G
2696 people
Cross-sectional association study
F, G and S Direct and independent associations of SSB intake
SSB
and BP
Greater sugar-BP differences for persons with
higher sodium excretion
61 226 women
Population-based cohort study 18.4 yr of
F, G and S Total sucrose intake and consumption of sweet
follow-up of total sucrose, high-sugar-foods
buns and cookies was associated with increased
risk of endometrial cancer
737 non diabetic
Association study of sugar intake and cognitive F, G and S Greater intakes of total sugars, added sugars and
adults
function
SSB beverages, but not of sugar sweetened solid
foods, were significantly associated with lower
MMSE scores, after adjusting for covariates

F: Fructose; G: Glucose; S: Sucrose; SSB: Sugar-sweetened beverages; BP: Blood pressure; NAFLD: Nonalcoholic fatty liver disease; BMI: Body mass index;
MCP-1: Monocyte chemoattractant protein-1; PAI-1: Plasminogen activator inhibitor-1; HOMA-IR: Homeostasis model assessment-estimated insulin resistance; HDL: High-density lipoprotein; AUC-Tg: 24 h area under the curve for plasma triglycerides; LDL: Low-density lipoprotein; MMSE: Mini-mental
state examination.

fructose seems to promote a proinflammatory milieu that
favors atherosclerosis development. In an intervention
study in overweight/obese subjects, Cox et al[21] demonstrated that fructose supplementation in liquid form (at
25% of energy requirements for 10 wk), but not glucose,
clearly increases proinflammatory and prothrombotic
mediators, such as monocyte chemoattractant protein-1,
plasminogen activator inhibitor-1, and E-selectin. Fur-
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thermore, in a cross-sectional study including 2696 participants in the International Study of Macro/Micronutrients and Blood Pressure, Brown et al[22] found a direct
association between sugar-sweetened beverage intake and
systolic and diastolic blood pressure increases. Thus, fructose seems to contribute directly to increased prevalence
in the three main risk factors for atherosclerosis-related
cardiovascular diseases.
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Besides the association between fructose consumption and common metabolic diseases, there is growing
evidence of a relationship with other diseases, such as
cancer and Alzheimer’s disease, that are also closely connected to the cellular metabolic status[23,24]. Very recently,
Friberg et al[25] analyzed data on total sucrose and highsugar food consumption during 18.4 years of followup in 61 226 women. They found a direct association
with increased risk of endometrial cancer. In addition,
high sugar intake has recently been associated with lower
cognitive function among middle-aged and older Puerto
Ricans without diabetes, in an analysis of data from
a substudy of the Boston Puerto Rican Health Study
2004-9[26]. Although a high fructose diet does not affect
spatial water maze learning and memory in female rats[27],
the presence of NAFLD, which is one of the main consequences of fructose consumption in men and experimental animals, seems to somehow impair hippocampaldependent memory in male rats[28].
Thus, overall, it seems that a high intake of sugarsweetened beverages containing fructose places a metabolic burden on humans that facilitates the development
of metabolic and cardiovascular diseases. What molecular mechanisms are involved in the production of these
effects by fructose?

fructose-induced metabolic pathologies; (2) molecular
mechanisms that are responsible for early induction of
glucose intolerance in female rats, as a previous step to
developing insulin resistance and type 2 diabetes mellitus; and (3) molecular mechanisms leading to reduced
peroxisome proliferator-activated receptor (PPAR) expression and activity in livers of female rats.
NAFLD is by far the most common cause of liver
dysfunction. It is a spectrum of diseases ranging from
fatty liver (steatosis) to steatohepatitis[45]. To date, the only
effective treatment for NAFLD is modest calorie restriction and gradual weight loss[46]. Statins, hypolipidemic
drugs that act by inhibiting the hydroxymethyl-glutarylCoA reductase enzyme, can be safely used in NAFLD
patients[47], and there is evidence of improved liver histology in NAFLD patients treated with atorvastatin[48,49]. In a
recently published study, we proposed a possible molecular mechanism for the therapeutic effect of atorvastatin
on NAFLD[50]. Besides its well-known anti-inflammatory
effect[51,52], atorvastatin reduced the liver expression of
fructokinase in male rats supplemented with a 10% w/v
solution of fructose for 14 d. Fructose consumption induces the expression of liver fructokinase in experimental
animals[53,54] and in NAFLD patients[55]. As fructokinase is
essential in controlling fructose metabolism, its induction
establishes a vicious circle that progressively increases the
deleterious effect of fructose on liver metabolism. Atorvastatin effectively facilitates the breaking of this circle.
It contributes to an increase in fatty acid metabolism[56]
and to a reduction in fatty acid synthesis that is driven by
increased carbohydrate response element binding protein
(ChREBP) transcriptional activity[57,58], which are necessary
to revert the deposition of triglycerides in liver tissue.
We used the same experimental model of rats supplemented with a 10% w/v solution of fructose for 14 d, to
show that female rats were more sensitive to the deleterious effect of fructose on glucose homeostasis than male
rats, as only females showed signs of glucose intolerance[54]. In the same study, we found a marked reduction
in insulin receptor substrate (IRS)-2 in the livers of fructose-supplemented female rats. IRS-2 is the main transducer of insulin signaling in hepatic tissue[59]. We have
further pursued research of molecular changes related to
fructose consumption in liver. We have confirmed that
female rats supplemented with liquid fructose for 14 d,
but not 7 d, are glucose intolerant (as shown by glucose
tolerance test; GTT). This situation correlates with a decrease in the amount of IRS-2 protein expressed in liver.
The same animals showed a marked increase in mammalian target of rapamycin (mTOR) activity and mitogenactivated protein kinase (p38-MAPK) activity.
p38-MAPK is a stress-related kinase[60] whose activity can be increased by the metabolic burden imposed by
fructose metabolism in hepatocytes through two mechanisms: increased activity of protein phosphatase A2[54,61];
and the presence of bacterial toxins in blood, as a result
of fructose-related alteration of the intestinal barrier

FRUCTOSE: MOLECULAR INSIGHTS
FROM ANIMAL STUDIES
Fructose administration, mainly in drinking water, to laboratory rats and mice reproduces almost all of the features
of metabolic syndrome and associated diseases in humans.
These include left ventricular hypertrophy[29,30], insulin resistance[30-33], hypertension and related hyperuricemia[34-36],
NAFLD[37,38], and metabolic syndrome itself[39].
London et al[40] have investigated the role of increased
11-hydroxysteroid dehydrogenase type 1 in liver and visceral adipose tissue in rats after fructose, but not glucose,
consumption. Their results indicate that deregulated local glucocorticoid production plays a role at the onset of
fructose-induced obesity[40]. Morris et al[41] put forward
the hypothesis that the timing of fructose intake, mainly
during the daylight period, could induce a mismatch in
caloric consumption that favors the development of
obesity and other metabolic alterations, at least in C57BL
mice. Furthermore, several possible hypotheses related
to the development of NALFD by fructose consumption have been pursued, including increased oxidative and
inflammatory stress through nitric oxide synthase induction[42] and tumor necrosis factor α production[43]. A very
concise and interesting review on the issue of possible
molecular mechanisms involved in fructose induced lipogenesis was published in 2011[44].
In the past few years, our laboratory has researched
three main issues regarding the molecular effects of
fructose on liver fat and glucose metabolism: (1) possible
drug therapies for the prevention and/or correction of
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P
p38-MAPK

P
mTOR

XBP1 mRNA

XBP-1 could compensate for this deficit and maintain
appropriate gluconeogenesis (Figure 1). Data from skeletal muscle that indicate a deficit in adiponectin receptor
and signaling in 14-d fructose-supplemented rats, could
explain the fact that these animals do not have increased
liver gluconeogenesis, but do have significant glucose tolerance impairment, as evaluated by an GTT.
We have previously shown that there is a state of leptin
resistance in livers of male rats supplemented with liquid
fructose. This results in increased binding of unphosphorylated active forkhead box protein (Fox)O1 to the transcription factor PPARα, which causes the inhibition of
PPARα transcriptional activity and, as a consequence, reduces the liver capacity to oxidize fatty acids[57,58]. FoxO-1
is a transcription factor that is regulated by insulin and
deeply involved in the control of liver gluconeogenesis[65].
Female rats equally supplemented with liquid fructose
respond similarly with a reduction in liver PPARα activity
and fatty acid oxidation. However, there is no involvement
of leptin resistance and FoxO-1 interaction[54]. Thus, we
have pursued the search for a possible molecular mechanism involved in the downregulation of the PPARα system in the liver of fructose-supplemented female rats.
ChREBP is a transcription factor responsible for inducing liver lipogenesis after carbohydrate ingestion[69].
We have previously reported that ChREBP is the main
factor responsible for the increase in rat liver lipogenesis
following fructose supplementation[50,54,57,58,70]. Unpublished results from our group indicate that there is also
a close relationship between ChREBP activation and
PPARα downregulation across different experimental
settings (in vivo studies in female rats, cultured FaO and
HepG2 hepatoma cells, primary cultures of human hepatocytes). It has been described that ChREBP controls
the expression of regulator of G protein signaling (RGS)
16, a regulator of G protein signaling that inhibits hepatic fatty acid oxidation[71]. Although fructose markedly
increased the mRNA level of RGS16 in livers of female
rats, there was no change in the amount of the expressed
protein. This suggests that increased expression of RGS16
is not involved in downregulation of the PPARα system.
In rat hepatoma FaO cells cultured in the presence of a
high concentration of fructose (25 mmol/L), we are performing knock-down experiments with siRNA against
ChREBP to demonstrate clearly the direct involvement
of ChREBP in the production of the fructose effect on
the PPAR system. Confirmation of this hypothesis will
indicate that fructose can simultaneously switch on liver
fatty acid synthesis and switch off liver fatty acid catabolism by a single molecular mechanism: the intense activation of ChREBP. This would explain the effectiveness of
fructose in inducing fatty liver and hypertriglyceridemia.
We are also exploring possible mechanisms to explain
why fructose stimulates the activity of ChREBP with
such intensity. We have found that fructose supplementation markedly reduces the amount of the NAD-dependent deacetylase sirtuin 1 protein in livers of female rats,

Stress (fructose)

Nutrients (fructose)

Processing

Translation

XBP1s

FoxO1
XBP1s

PEPCK
G6Pc

Figure 1 X-box-binding protein-1, an endoplasmic reticulum stress transcription factor, plays an essential role in maintaining plasma glucose
concentration and glucose tolerance. Indeed, in the liver samples from the
fructose-fed rats used in the study, there was a marked increase in the spliced
form of X-box-binding protein (XBP)-1 mRNA and nuclear protein, in accordance with the increased activity of mammalian target of rapamycin (mTOR)
activity and mitogen-activated protein kinase (p38-MAPK). Thus, although
the decreased expression of insulin receptor substrate-2 in liver represents
an impairment of insulin signaling, the increased expression and activity of
XBP-1 could compensate for this deficit and maintain appropriate gluconeogenesis. PEPCK G6Pc: Phosphoenolpyruvate carboxykinase and glucose-6phosphatase; FoxO1: Forkhead box protein O1.

permeability[43,62]. Furthermore, increased p38-MAPK
activity, by phosphorylating the tuberous sclerosis 2 gene
product or tuberin, could release its inhibitory activity on
mTOR complex 1 (mTORC1)[63]. This would explain the
observed increase in mTOR activity. The mTOR signaling
pathway transduces information from different signals,
such as growth factors, amino acids and energy overload
of the cell[64]. Finally, as Guo et al[65] have shown that
mTOR activation causes IRS-2 degradation, the increase
in mTOR activity could be the final molecular factor resulting in a decreased liver expression of liver IRS-2 protein, as we have found[54].
Surprisingly, although female rats supplemented with
liquid fructose for 14 d, had reduced liver expression
of IRS-2, were hyperinsulinemic and showed an altered
GTT, they were normoglycemic and their liver expression of gluconeogenic genes was unchanged (glucose6-phosphatase) or even decreased (phosphoenolpyruvate
carboxykinase). An explanation for this discrepancy can
be found in a recent report indicating that X-box-binding
protein (XBP)-1, an endoplasmic reticulum stress transcription factor, plays an essential role in maintaining
plasma glucose concentration and glucose tolerance[66]. It
has been described that mTORC1 activity increases the
splicing of XBP-1[67], while p38-MAPK phosphorylates
the spliced-derived protein, facilitating its nuclear localization and activity[68]. Indeed, in the liver samples from the
fructose-fed rats used in our study, there was a marked
increase in the spliced form of XBP-1 mRNA and nuclear protein, in accordance with the increased activity of
mTOR and p38-MAPK. Thus, although the decreased
expression of IRS-2 in liver represents an impairment of
insulin signaling, the increased expression and activity of
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but not males. This reduction increases the amount of
acetylated ChREBP. As it has been shown that ChREBP
hyperacetylation increases its transcriptional activity[72],
the reduction of sirtuin 1 expression could be one mechanism involved in the intense activation of ChREBP by
fructose in the liver of female rats.
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growth. Certain cancers are extremely dependent on
gastrin to proliferate. Initial research focused only on
the effects of amidated gastrins, but there has been an
interest in intermediates of gastrin in the last few decades. These intermediates aren’t biologically inactive;
in fact, they may exert greater effects on proliferation
and apoptosis than the completely processed forms.
In certain gastrin overproduction states, they are the
most abundant gastrin peptides secreted. The purpose
of this review is to examine the gastrin biosynthesis
process and to summarize the results from different
studies evaluating the production, levels, and effects of
the main forms of gastrin in different overexpression
states and their possible relationship with Barrett’s and
colorectal carcinogenesis.

Abstract
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Gastrin is the main hormone responsible for the stimulation of gastric acid secretion; in addition, gastrin
and its derivatives exert proliferative and antiapoptotic effects on several cell types. Gastrin synthesis
and secretion are increased in certain situations, for
example, when proton pump inhibitors are used. The
impact of sustained hypergastrinemia is currently being investigated. In vitro experiments and animal
models have shown that prolonged hypergastrinemia
may be related with higher cancer rates; although,
this relationship is less clear in human beings. Higher
gastrin levels have been shown to cause hyperplasia of
several cell types; yet, the risk for developing cancer
seems to be the same in normo- and hypergastrinemic
patients. Some tumors also produce their own gastrin,
which can act in an autocrine manner promoting tumor
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INTRODUCTION
The polypeptide hormone gastrin was discovered in
1905 and described as a major stimulant of acid secre-
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tion from the stomach antral mucosa. In the last few decades, several studies have reported on the role of gastrin in stimulating cell division and inhibiting apoptosis,
suggesting that gastrin and its derivatives might promote
carcinogenesis[1-5]. Gastrin and cholecystokinin (CCK) are
members of a family of neuroendocrine peptides and
are both physiological ligands of the CCK-B receptor
(CCKBR).
Gastrin is secreted by antral G cells and interacts with
the CCKBR on enterochromaffin-like (ECL) and parietal
cells to induce gastric acid secretion.
Gastrin release from G cells is stimulated by the presence of food - mainly peptides[6] in the stomach, vagal
release of gastrin releasing peptide, and an increase in
stomach pH, as seen in achlorhydria[7]. Helicobacter pylori
(H. pylori) infection is also known to cause hypergastrinemia, increasing mainly plasma levels of its amidated
form gastrin-17. After eradication of the bacteria, plasma gastrin levels decrease to normal[8-10]. Gastrin release
is inhibited by secretion of gastric acid, and this serves
as a negative feedback control that prevents excess acid
secretion. Low pH values in the stomach inhibit gastrin
release by G cells, stimulating the secretion of somatostatin by antral D cells[11].
Gastrin is expressed in a variety of tissues under both
normal and pathological conditions. Its main site of production are G cells from the antral mucosa, but it is also
synthesized at lower levels in duodenal mucosa, fetal and
neonatal pancreases, in pituitary corticotrophs, melanotrophs, and neurons, in spermatogenic cells, and in a variety of cancers.
The main products of the gastrin gene in the antrum
are its amidated forms gastrin 17 and gastrin 34 (G17NH2 and G34-NH2).

proteases belonging to the prohormone convertases (PC)
family. PC1/3 cleavages at the dibasic sites arginine36arginine37 and arginine73-arginine74 lead to the formation of an intermediate, which undergoes processing by
carboxypeptidase E and yields glycine-extended gastrins
(G-Gly) and the C-terminal flanking peptide (CTFP).
The peptidylglycine α-amidating monooxygenase converts G34-gly to its amidated form and PC2 cleaves at
lysine53-lysine54, producing bioactive gastrins of varying sizes (e.g., gastrin-34 and gastrin-17)[13,14] (Figure 1) .
Preprogastrin derivates can also exit the cell via another pathway, known as the constitutive pathway. Molecules exiting cells via this pathway are transported in
secretory vesicles that take their contents from the Golgi
apparatus and continuously fuse with the plasma membrane. Intermediate products of gastrin processing are
secreted mainly by this pathway since peptides exiting
this pathway do not undergo extensive posttranslational
processing.
Processing and final secretion of progastrin products
differ markedly depending on the expression location. In
healthy adults, the main gastrin production site is antroduodenal G-cells, so the proportion of circulating gastrins depends largely on the products exiting these cells.
In G-cells, the regulated secretory pathway predominates; thus, these cells mostly secrete a mixture of amidated products (95%), including G17-NH2 (85%-90%),
G34-NH2 (5%-10%), and a mix of gastrin-14, gastrin-52,
gastrin-71, and short amidated C-terminal fragments[15].
The remaining 5% of the secreted products correspond
to non-amidated processing intermediates (mainly progastrin and G-Gly).
Although the majority of gastrins secreted by G-cells
correspond to the amidated G17 form, peripheral blood
contains almost equal amounts of G17-NH2 and G34NH2 because the metabolic clearance of large gastrins is
slower than for smaller forms of the peptide[16-18].
On the other hand, the proportions of the gastrin
intermediates may vary in certain gastrin overexpression
states, such as when proton pump inhibitors (PPIs) are
used or in the presence of gastrin-producing tumors. Most
of these tumors are not able to completely process gastrin,
resulting in less conversion to the mature peptide[19-22].
The causes of incomplete gastrin processing during
hormone overexpression are still unclear; although, it
has been proposed that it might be caused by saturation
of the enzymes that catalyze progastrin modifications,
leading to an inability to process increasing amounts of
the gene product.
Another possible reason is the lack of a well-developed regulated pathway of secretion, as in some tumor
cells. In that case, progastrin exits the cell via the constitutive pathway directly from the Golgi terminal.

GASTRIN BIOSYNTHESIS
As with other peptide hormones, gastrin is synthesized
initially as a large precursor molecule, which undergoes
extensive post-translational modification prior to secretion. The gastrin gene spans 4.1 kb and is located on
chromosome 17 (17q21). It produces a single mRNA
(0.7 kb), which encodes the 101 amino acid precursor,
preprogastrin[12]. Preprogastrin is translated at the endoplasmic reticulum, where the signal peptide is removed
by signal peptidase, giving rise to progastrin (80 amino
acids)[13]. Progastrin (PG) then progresses through the
Golgi complex.
If the cell has a regulated secretory pathway, as with
differentiated endocrine cells such as G-cells in the antrum, progastrin is fully processed and transported by secretory granules. It is then released by exocytosis, which
is induced by secretagogues after G-cell stimulation. This
is the secretory pathway of most of the amidated products, because the enzymes and conditions necessary for
the processing of the immature gastrin forms are found
inside secretory granules from the Golgi stack.
Progastrin is cleaved at paired amino acids by endo-
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GASTRIN RECEPTORS
The actions of amidated gastrins and CCK peptides are
mediated by two different receptors: CCKA and CCKB
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receptors, which differ pharmacologically by their affinity for gastrin (low for CCKA receptors and high for
CCKB receptors)[23,24].
Gastrin and CCK peptides share a common C-terminal sequence, which has been well preserved during evolution. This conserved C-terminal active site is related to
most of the known effects of these peptides, especially
the tetrapeptide Trp-Met-Asp-Phe-NH2. The specificity
of the receptor binding and biological potency depends
on N-terminal extensions of this common tetrapeptide.
Sulfation of the tyrosyl residue (in position six in gastrin peptides, counted from the C-terminal position, and
in position seven in CCK peptides) determines the specificity for CCKA or CCKB receptors. The residue is totally
sulphated in CCK peptides, so they are able to bind either
CCKA or CCKB receptors with high affinity. It is partially
sulphated in gastrin peptides, so they can only bind CCKB
receptors.
Gastrin and CCK display similar affinities for the CCKB
receptor; however, the gastrin concentration in plasma is
10- to 20-fold higher than CCK; therefore, CCKB receptors in the periphery are, in physiological terms, mainly
receptors for gastrin.
The CCKB receptor has seven transmembrane domains
and belongs to the superfamily of G-protein coupled receptors. CCKBR is abundantly expressed on enterochromaffin-like cells in the stomach, in the central nervous
system and in some tumors, principally in the gastrointestinal tract.
Gastrin, at physiological levels, is the main mediator
of meal-stimulated acid secretion. Once secreted by the
antral G cells, gastrin is transported to the oxyntic mucosa of the stomach, where it interacts with the CCKBR
on ECL cells, stimulating the release of histamine. Both
gastrin and histamine then interact with the parietal cells,
through the gastrin CCKB and histamine H2 receptors
to induce gastric acid secretion[25].
Only amidated gastrins exert their effects through CCK-
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BR activation, while intermediate precursors such as progastrin or G-Gly interact with other receptors[3,26-28].
Most PG effects are mediated via the monomeric 36
kDa form of the annexin Ⅱ receptor (ANXⅡ)[29,30]. ANX
Ⅱ is a multi-functional protein that binds acid phospholipids and actin with similar affinity. It’s expressed abundantly in rejuvenating cells, but not in quiescent cells; in
addition, its expression is increased in many human cancer
cells, including colon and pancreatic, and it’s expressed
in normal intestinal epithelial cells[27,28]. ANXⅡ is absent
in the brain and liver, which supports that it is only expressed in proliferating cells.
The majority of effects of G-Gly and CTFP appear
to be mediated by a cellular receptor distinct from CCKBR[1,24,31-33]; yet, to date, the receptor or receptors remain
unknown. Gly-G appears to be able to bind ANXⅡ, but
it is still unclear whether its action is mediated via this
interaction[1].

PPIS AND GASTRIN
PPIs are the most potent and widely used medications
to reduce gastric acid secretion. These drugs are considered safe; although, some long-term side-effects have
been identified, for example, all PPIs induce an increase
in plasma gastrin levels. The reason for this increase remains unclear, but it may be due to the reduced activity
in antral D-cells (shown by a three-fold decrease in antral
somatostatin mRNA) in response to PPI-induced achlorhydria[7]. There is also an increase in plasma gastrin levels
with other antacids such as H2 receptor antagonists, but
only after long-term use[34].
PPIs may induce a 2- to 4-fold increase in plasma gastrin[35,36] (mainly G17-NH2 and G34-NH2) with short-term
treatment, whereas, in long-term therapy, some patients
will develop marked hypergastrinemia (often exceeding
400 pmol/L). The antral mucosa levels of amidated gastrins and G-Gly are not affected by PPI treatment, but
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Table 1 Studies assessing expression levels and/or biological effects of gastrin through its interaction with cholecystokinin-B receptor
Ref.

Specimen

Haigh et al[4]

Konturek et al[46]

Esophageal biopsies from healthy,
esophagitis, BE and EAC patients;
Ex vivo culture of BE cells;
OE33(E)GR cells
Tumor and plasma samples from CRC
patients;
Plasma and normal colonic mucosa
biopsies from healthy subjects

Smith et al[49]

Healthy colonic mucosa and colonic
polyps biopsies

Harris et al[70]

Healthy esophagus and BE biopsies;
OE19 and OE33 cell culture;
OE21 cell culture

CCKBR expression

G17 expression

G17 effects

CCKBR is expressed in 3/9 of Not assessed
healthy, 5/7 esophagitis, 10/10
BE and 7/12 EAC samples

G17 stimulates cell proliferation through CCKBR

All the tumor samples showed CRC patients showed normal G17
CCKBR expression
plasma levels, and higher progastrin levels than healthy subjects;
Celecoxib diminished plasma
gastrin and progastrin levels
Normal colonic mucosa didn’t Most of the polyps showed higher
show CCKBR expression;
expression of the gastrin precursors
Most of the polyps analyzed
than amidated forms
showed CCKBR expression
All three esophageal cancer cell BE samples express higher gastrin
lines express CCKBR;
levels than healthy esophageal
BE biopsies show higher
biopsies
CCKBR expression levels than
normal esophageal biopsies

Not assessed

Not assessed

G17 increases activation of the antiapoptotic
factor PKB/Akt, through
CCKBR

BE: Barrett’s esophagus; EAC: Esophageal adenocarcinoma; CCKBR: Cholecystokinin-B receptor; G17: Amidated gastrin-17; CRC: Colorectal carcinoma;
OE19 and OE33 cells: Esophageal adenocarcinoma cell lines; OE21 cells: Esophageal squamous carcinoma cell line; OE33(E)GR cells: Esophageal adenocarcinoma cells permanently transfected with the human CCKB receptor.

a 6-fold increase in the antral progastrin concentration
was observed after PPI therapy[37-39]. However, the gastrin
levels in patients on PPIs are extremely variable, and not
every subject will have a markedly increased plasma gastrin level after acid suppressive therapy.
PPIs rapidly stimulate antral gastrin secretion, but the
overexpression of the gastrin gene, which is observed
as increased gastrin mRNA concentrations in G-cells, is
only seen after 24 h of achlorhydria[7].
To date, circulating levels of gastrin precursors have
not been evaluated in response to PPI intake.

in tumors. This may be because initial attempts focused
only on the amidated forms of gastrin. We now know
that certain tumors, such as colorectal carcinoma (CRC),
produce high levels of gastrin intermediates while the
amidated forms are not affected[20,22]. Gastrin has been
found in CRC extracts and also in adenomatous polyps[49], but not in healthy colonic mucosa. A similar pattern was found with esophageal adenocarcinoma and
Barrett’s esophagus (BE) (a premalignant condition that
is a major risk factor for esophageal adenocarcinoma),
where gastrin and its receptor were expressed at higher
levels than in normal epithelium[4,50].
These observations suggest that activation of gastrin expression may be an early event in the adenomacarcinoma or the metaplasia-carcinoma progression; thus,
gastrin could favor neoplastic transformation.
Studies in animal models have demonstrated that a
prolonged hypergastrinemic situation, such as in deep
acid inhibition, is related to higher CRC rates and with
gastric atrophy, metaplasia, gastric adenocarcinoma and
carcinoid tumors[34,41,43,51] (Table 2). In vitro studies demonstrated that gastrin and its derivates increase the rate
of cell proliferation and migration and reduce apoptosis,
which are major steps in tumor development[1,3,28,44,52]. Although both in vitro and in vivo animal model studies seem
to demonstrate an association between a rise in gastrin
levels and a higher risk of cancer development this is still
unclear in human beings. While some epidemiologic studies showed an association between, elevated gastrin levels
after use of PPIs and stomach ECL and argyrophil cell
hyperplasia, but couldn´t demonstrate that hypergastrinemia itself increases gastric adenocarcinoma rates[35,53-55],
others found higher cancer rates (gastric and gastrointestinal overall) in hypergastrinemic patients[56,57] (Table 3).
Pernicious anemia could represent a human model

GASTRIN AND CARCINOGENESIS
As mentioned above, gastrin is a major stimulant of acid
secretion in the stomach mucosa, but it also has effects
in different tissues promoting cell division and inhibiting
apoptosis. There is now growing evidence suggesting that
elevated gastrin levels could favor the development of certain neoplasias, especially in the gastrointestinal tract[2,40-43].
To date, most of those studies have been focused on the
possible relationship between elevated gastrin levels and
colorectal and gastric cancers, but there is evidence that
suggests a possible relationship with different tumors,
even outside the gastrointestinal (GI) tract[19,20,22,44,45].
CCKBR has been observed in several tumor types,
but expression of the receptor in human gastrointestinal
cancers is controversial. Although some groups found
CCKBR expression in many GI neoplasias[3,46], others
found expression of the receptor in GI tumors only occasionally[23,29] (Table 1).
It is well established that some tumors produce their
own gastrin and that gastrin can promote tumor growth
in an autocrine manner[22,44,46-48], but there were conflicting findings from studies evaluating gastrin expression
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Table 2 Experimental studies in animal models exploring the impact of increased levels of gastrin peptides
Ref.

Animal model

Cobb et al[2]

Alteration on gastrin peptides levels

Fabp-wt mice;
Fabp-mt mice

Wang et al[5]

Havu et al[34]
Watson et al[43]

Fabp-wt mice express human PG in intestinal
mucosa and Fabp-mt mice express a mutated form
of human PG;
Both mice show PG expression at similar levels as
seen in hypergastrinemia
INS-GAS mice;
INS-GAS mice overexpress human amidated gashGAS mice
trin in the pancreatic islands;
hGAS mice overexpress human PG in the liver
Sprague-Dawley rats treated
Rats showed a 3-fold increase in plasma gastrin
with ranitidine (2g/kg per day) levels
APCMin+/- mice (model of
Omeprazole increased only amidated gastrin
multiple intestinal neoplasia) plasma levels
treated with omeprazole (75
mg/kg in a single oral dose)

Ferrand et al[90]

MTI/G-Gly mice;
hGAS mice

MTI/G-Gly mice overexpress human G-Gly
throughout the gastrointestinal tract;
hGAS mice overexpress human PG in the liver

Koh et al[95]

MTI/G-Gly mice

MTI/G-Gly mice overexpress human G-Gly
throughout the gastrointestinal tract

Ottewell et al[98] G-/-hg+/+ mice;
G-/-hg-/- mice

G-/-hg+/+ mice express human PG and no murine
gastrin;
G-/-hg-/- mice do not express any forms of gastrin

Hypergastrinemia effects
Mice overexpressing human PG (either the wildtype and the mutated form) are more likely to
develop colonic tumors in response to AOM

Both forms of gastrin showed similar proliferative
effects on normal colonic mucosa
19/100 rats developed ECL carcinoids while no
carcinoma was found in control animals
PPI-induced hypergastrinemia reduced mice survival;
Hypergastrinemia increased colonic adenomas
proliferation;
Hypergastrinemia did not increase the incidence of
intestinal tumors
Both G-Gly and PG strongly up-regulate Src, JAK2
and STAT3 activation;
PG produced significantly great ERK and Akt pathways activation and TGF-α overexpression
Goblet cells hyperplasia and colonic hyperproliferation;
Hypergastrinemia did not increase the incidence of
GI tumors, but 3/10 mice developed bronchoalveolar carcinoma
PG increased colonic proliferation;
PG exerts mitotic effects on colonic epithelia but
does not seem to affect the small intestine epithelia

PG: Progastrin; AOM: Azoxymethane; ECL: Enterochromaffin-like cells; PPI: Proton pump inhibitors; G-Gly: Glycine-extended gastrins; JAK2: Janus-activated kinase 2; STAT3: Signal transducer and activator of transcription 3; ERK: Extracellular-signal regulated kinase; Akt: Protein kinase B; TGF-α: Transforming growth factor-alpha; GI: Gastrointestinal.

to assess effects of long-term hypergastrinemia, since it
causes a long-term hypergastrinemia as a consequence
of sustained achlorhydria[57]. Another human model of
hypergastrinemia is Zollinger-Ellison syndrome. In this
case, patients show higher rates of colonic proliferation[58], but not a higher risk for developing CRC[59].
Another study found a higher CRC incidence rate with
higher serum gastrin levels[60]; while, one study found no
association between PPI use and the risk of CRC[61].
It has been suggested that the discrepancy between results observed in human studies could be explained by the
variability of hypergastrinemia after use of PPIs among
patients[42], by differences in the duration of the follow-up
period -since higher cancer rates have only been observed
in long-time hypergastrinemic patients-, and by differences in the forms of gastrin being studied, given that
most of the studies to date have been focused only on the
amidated forms[22,62].

replaced by new squamous epithelium; however, in some
subjects, this epithelium is substituted, through a metaplastic process, by an intestinal-type columnar epithelium.
This condition is called BE, a premalignant state responsible for most esophageal adenocarcinoma cases (EAC).
Patients with BE have a 30- to 40-fold higher risk for developing EAC than the general population[63].
In the last few decades, the incidence rates for this
tumor have increased significantly[64], more than for any
other type of cancer[65] in developed countries.
BE may represent a good model to study the involvement of hypergastrinemia in carcinogenesis, because
frequently high levels of gastrin can be observed in BE
patients. PPIs are the main pharmacological treatment
for BE and the sequence of neoplastic transformation is
well known.
In the pathological state caused by the damaging effects of acid contents from the stomach in the esophagus, it seems that an increase in gastric reflux pH would
have a potential benefit for the patient. However, the
benefits of these drugs in the management of GERD
and BE are not clear. Normalization of intraesophageal
pH clearly relieves gastroesophageal reflux symptoms[37],
favoring differentiation and decreasing cell proliferation[66]; yet, there has been an increasing incidence of
EAC in BE patients in the last few decades, despite generalized use of PPIs[67-69]. Studies addressing the potential

GASTRIN, BE AND ESOPHAGEAL
ADENOCARCINOMA
Gastroesophageal reflux disease (GERD) is a chronic
state in which part of the acidic stomach contents backs
up into the esophagus and may cause inflammation of its
epithelium. In most patients, this damaged epithelium is
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Table 3 Clinico-epidemiologic studies exploring the effects of proton pump inhibitors use in human beings
Treatment, dose and
duration

Ref.

Population studied

Brunner et al[35]

143 patients with Omeprazole 40 mg/d
duodenal or
1-5 yr
stomach ulcer and
GERD
91 GERD patients Omeprazole 20-40
mg/d 5 yr

Klinkenberg-Knol et al[37]

Nemeth et al[39]

10 patients with
oesophagitis

Wang et al[42]

82 BE patients;
All patients were on
13 GERD patients PPI therapy, once or
twice daily during a
median time of 74 mo
74 patients with
Omeprazole 40 mg/d
esophagitis or
1-5 yr
peptic ulcer

Creutzfeldt et al[53]

Kuipers et al[54]

Lamberts et al[55]

Omeprazole 20 mg/d
6-8 wk

Effects on gastrin levels

Physiopathological effects

Plasma gastrin levels increased 4-fold after Hyperplasia of argyrophil cells from
4 mo of therapy
oxyntic mucosa;
No increase in dysplasia or neoplasia
rates was observed
Median serum gastrin levels increased
Esophagitis symptoms ameliorated;
from 60 to 162 ng/L and reached a plateau Gastric hyperplasia rates increased
during maintenance treatment
from 2.5% at the beginning of the study
to 20% at last biopsy
Plasma levels of amidated gastrins inNot assessed
creased from 18 to 48 pmol/L;
Antral levels of progastrin increased 6-fold
while amidated gastrins and G-Gly remain
unaltered
The median serum gastrin levels (40
Higher serum gastrin levels were aspmol/L) was not related to the degree of sociated with high grade dysplasia and
dysplasia in BE
adenocarcinoma
Plasma gastrin levels increased 4-fold in
23% of patients

Patients with higher serum gastrin levels developed hyperplasia of the gastric
argyrophil cells;
This hyperplasia may not necessary be
related to high gastrin levels
Patients treated with omeprazole and
infected with H.pylori infection are at
increased risk of atrophic gastritis

177 GERD patients 105 patients treated
Not assessed
with omeprazole 20-40
mg/d 5 yr;
72 patients treated with
fundoplication
74 peptic ulcer
Omeprazole 48 mo
Median gastrin levels moderately inSignificant argyrophil cell hyperplasia
patients
creased after 3 mo of therapy and reached
a plateau during maintenance treatment

GERD: Gastroesophageal reflux disease; G-Gly: Glycine-extended gastrins; BE: Barrett’s esophagus; PPI: Proton pump inhibitors.

have an important role in GERD ulcer healing[36,44].

role of different molecular forms of gastrin in Barrett’s
carcinogenesis are discussed below.

Biological effects of amidated gastrins
In vitro studies determined that amidated gastrins may
promote cell proliferation and migration of BE and EAC
cells, and those effects are mediated through the interaction with CCKBR[4,26,36,44].
The effects of amidated gastrins are mediated, at least
partially, by the induction of cyclooxygenases (COX)-2
expression and prostaglandins production[3]. COX are
membrane proteins that catalyze the limiting step in the
prostaglandin synthesis pathway. Prostaglandins are molecules that may promote carcinogenesis through stimulation of cell division, induction of angiogenesis, and inhibition of apoptosis[71,72]. As a consequence of the interaction between amidated gastrins and CCKBR, COX-2 is
overexpressed in Barrett’s mucosa, leading to an increase
in prostaglandins synthesis and cell proliferation[44,73].
COX-2 overexpression is related to the development
of other GI cancers, and the use of COX-2 inhibitors,
such as non-steroidal anti-inflammatory drugs is associated with a reduction in the frequency and mortality of
those tumors[74-78]. In vitro and in vivo studies have shown
that COX-2 inhibitors decrease cell proliferation in BE[79]
and reduce the risk of developing EAC[74], suggesting that
COX-2 might be a key factor in Barrett’s carcinogenesis.

AMIDATED GASTRINS
Amidated gastrins are, in healthy subjects, the final and
most abundant product in the gastrin biosynthesis pathway. Through the interaction with their receptor, CCKBR, amidated gastrins might be involved in the neoplastic
progression of BE.
Amidated gastrins and CCKB receptor expression in BE
Barrett’s mucosa expresses its own gastrin. Patients with
BE show higher levels of amidated gastrins than healthy
subjects[44], which might be a consequence of both PPI
intake and autocrine gastrin production by Barrett’s mucosa[36,50]. This autocrine gastrin production diminishes
with the progression to dysplasia and EAC[44], and there
is not a significant difference between serum gastrin
levels in GERD and BE patients[42]. The expression of
its receptor increases in response to inflammation. In
almost all BE biopsy samples studied, CCKBR mRNA
and protein are detected; while, they are only occasionally present in healthy tissue and their presence in EAC
is unclear[4,36,50,70]. In addition, expression of the receptor
increases cell proliferation[26,31,44]; therefore, CCKBR may
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ic) in culture[28,86] and also has an antiapoptotic effect[87]. In
vivo studies using mice overexpressing both G17-NH2 and
PG showed increased colonic proliferation compared to
wild-type control mice. At plasma concentrations similar
to those observed in certain disease states, PG can act as a
co-carcinogen and significantly increases the risk for colon
carcinogenesis in response to azoxymethane[2,5].
PG has negligible affinity for the receptor for amidated gastrins (CCKBR) and its effects are mediated by a
different receptor: ANXⅡ[27-30]. This receptor is not expressed on quiescent cells and it is necessary to mediate
at least 50% of exogenous PG effects on intestinal cells
and more than 80% of the effects of autocrine gastrins
on CRC cells[29]. ANXⅡ is overexpressed in human CRC
and may be related to a poor prognosis[88]. It is also overexpressed in a wide variety of tumors[88,89]. The mitogenic
and antiapoptotic effects of PG seem to be mediated
through activation of several signaling pathways including
nuclear factor-κB (NF-κB), Src, Janus-activated kinase 2
(JAK2)/signal transducer and activator of transcription
3 (STAT3), extracellular signal-regulated kinase (ERK),
mitogen-activated protein kinase (MAPK) and phosphatidylinositol 3-kinase (PI3K)/Akt kinases[86,90].

COX-2 overexpression seems to be an early event in the
neoplastic transformation of BE. Despite the great variability observed between subjects, COX-2 levels in biopsy
samples are always higher in BE mucosa than in normal
esophageal epithelium[44,50,73,80].
Thus, amidated gastrins might have a role in the neoplastic progression of BE rather than in its initial development since BE cells express higher levels of gastrin,
CCKB receptor and also COX-2 than EAC[44] and normal esophageal cells.

GASTRIN SYNTHESIS INTERMEDIATES:
PROGASTRIN, G-GLY AND CTFP
The biological activity of gastrin synthesis intermediates
was unknown until 1994[81]. Experiments carried out to
determine their ability to stimulate gastric acid secretion
showed negligible or less potency than fully processed
amidated forms[82,83]; therefore, those investigations concluded the intermediates were inactive peptides and focused mainly on the known bioactive forms. However, in
the last few decades, numerous studies have demonstrated that these molecules are far from inactive precursors.
Gastrin intermediates are secreted in higher proportions
than their amidated forms in certain gastrin overexpression states[39,84]; thus, knowledge of their recently known
biological effects has led to several studies on these
intermediates in the last few decades. To date, most of
these studies have been focused on CRC; although the
relative abundance of these precursors in other tissues
supports that it is necessary to extend research to other
organs as well.

G-Gly
G-Gly are some of the last gastrin processing intermediates. They result from the cleavage of the C-terminal
arginyl residues of progastrin by carboxypeptidase E,
before the amidation step.
G-Gly expression
As with other gastrin intermediates, there are few studies
focused on assessing possible changes in plasma or tissue
levels of G-Gly in different situations. It seems that PPIs
don’t significantly affect its levels because antral mucosa
levels of G-Gly remain unaltered after treatment with
PPIs[39]. In addition, CRC doesn’t alter plasma G-Gly concentrations[22]; while, tumor biopsies and cell lines derived
from CRC show higher levels than healthy tissue[20,22].
G-Gly levels are also increased in the gastric mucosa from
patients with gastrinoma[91]. Outside the GI tract, only a
small proportion of lung cancer cases analyzed showed
G-Gly overexpression, which was inversely related to survival rates[45].

PROGASTRIN
PG is the first gastrin synthesis intermediate after signal
peptide cleavage. A study demonstrated that PG levels in
antral biopsies from patients undergoing PPI treatment
were up to 6-fold higher than in untreated patients[39];
although, there are currently no studies showing PG
plasma levels in response to PPI administration
Progastrin expression
Studies carried out on healthy colonic and CRC tissue
have shown a higher proportion of products from the
early stages of gastrin synthesis (PG above all) than
those from later stages (G-Gly and amidated forms) in
cancer samples[20,85]. Plasma PG levels, but not amidated
gastrin, are elevated in CRC patients compared with
healthy subjects and those with colonic polyps, suggesting a possible tumor origin for this PG and an incomplete processing of the peptide in tumor cells[22]. Other
tumors, such as pancreatic, ovarian, and lung cancer, also
overexpress PG[45,47,48].

Biological effects of G-Gly
Even small variations in the levels of G-Gly may affect
proliferation and apoptosis. G-Gly effects can be observed at concentrations at least one order of magnitude
less than for amidated forms[33,92]. G-Gly can act as a
growth factor for many cultured cells, including gastric,
pancreatic, colonic cancer cells, and non-transformed
cells[33,52,81,93,94]. It also decreases apoptosis in CRC and
EAC[1,92] cells and increases migration in CRC cells[40]. In
vivo experiments using transgenic mice overexpressing
this intermediate demonstrated that higher G-Gly levels
are related to colonic hyperproliferation, but were not

Biological effects of PG
Progastrin may exert greater proliferative effects than amidated gastrins on normal and tumor cells (CRC, pancreat-
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able to cause tumors alone[90]. Surprisingly these experiments showed higher bronchoalveolar cancer rates in the
animals overexpressing the molecule[45,95].
The proliferative effects of G-Gly are dependant,
at least partially, on COX-2 expression in EAC cells because the use of COX-2 inhibitors abolishes the proliferative effects of the molecule[52].
To date, the G-Gly receptor remains unknown but
the majority of its effects seem to be mediated via a
different receptor than CCKBR[1,33,96]. Although G-Gly
has been shown to bind to ANXⅡ, no effects were observed[29]. The G-Gly interaction with a receptor distinct
from CCKBR leads to JAK2/STAT3, Akt, NF-κB, PI3k,
and ERK activation[52], increasing COX-2 expression. In
contrast, the antiapoptotic effects of G-Gly occur independently from COX-2 expression[1].

tumor growth. However, it is currently not clear if high
gastrin levels have the same effects in human beings. Most
studies have been focused on amidated gastrins. Although,
intermediates of gastrin synthesis can exert even greater
carcinogenic effects than the amidated forms and in certain situations they become the most abundant forms of
gastrin. Therefore, more studies evaluating these molecules are needed to elucidate the potential role of gastrins
in human carcinogenesis.
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H. pylori . Recent studies found that different populations of H. pylori vary in their carcinogenic potential and
contribute to the variation in incidence of gastric cancer
among geographical regions. This could be related to
the ancestral origin of H. pylori . Further studies are indicated to investigate the bacterial factors contributing to
differential virulence and their influence on the clinical
features in infected individuals.
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Abstract
Helicobacter pylori (H. pylori ) is a Gram-negative bac-

terium that infects half of the human population. The
infection is associated with chronic inflammation of the
gastric mucosa and peptic ulcers. It is also a major risk
factor for gastric cancer. Phylogenetic analysis of global
strains reveals there are seven populations of H. pylori ,
including hpAfrica1, hpAfrica2, hpEastAsia, hpEurope,
hpNEAfrica, hpAsia2 and hpSahul. These populations
are consistent with their geographical origins, and possibly result from geographical separation of the bacterium leading to reduced bacterial recombination in
some populations. For each population, H. pylori has
evolved to possess genomic contents distinguishable
from others. The hpEurope population is distinct in that
it has the largest genome of 1.65 mbp on average, and
the highest number of coding sequences. This confers
its competitive advantage over other populations but
at the cost of a lower infection rate. The large genomic
size could be a cause of the frequent occurrence of
the deletion of the cag pathogenicity island in H. pylori
strains from hpEurope. The incidence of gastric cancer
varies among different geographical regions. This can
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INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative bacterium
which colonizes the human stomach. As a pathogen, H.
pylori induces inflammation of the gastric mucosa[1]. It
plays a causal role in the ulceration and recurrence of
peptic ulcer[2]. Eradication of the bacterium heals ulcers
and prevents recurrence of the disease. The infection is
also associated with an increased risk of gastric cancer[3,4].
The incidence of gastric cancer shows geographical variation. This is attributed in part to the difference
in the prevalence of the H. pylori infection among geo-
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graphical regions. In Africa and South Asia, however, the
incidence of gastric cancer in these areas is much lower
than in other countries in spite of the high prevalence
of the H. pylori infection[5]. Such a disparity has also been
found in other local regions[6]. Analysis of global strains
reveals seven populations of H. pylori that are consistent
with their geographical origin[7-10]. These current populations derive from six ancestral populations[7]. It appears
that the ancestry, genomic contents and carcinogenic
potentials are diversified among H. pylori populations.
Studies at a population level have improved our understanding of gastric carcinogenesis associated with the H.
pylori infection.

Recombination is a rare genetic event in house-keeping
genes. Phylogenetic analysis of highly conserved housekeeping genes (atpA, efp, mutY, ppa, trpC, ureI and yphC)
has then been used to study populations of H. pylori[24].
Examination of global strains of H. pylori reveals that it
has seven populations: hpAfrica1, hpAfrica2, hpEastAsia,
hpEurope, hpNEAfrica, hpAsia2 and hpSahul[7-10,25,26].
Some populations could be further divided into subpopulations. For hpEastAsia, there are three subpopulations
including hspEAsia, hspAmerind and hspMaori[27], while
hpAfrica1 is split into hspWAfrica and hspSAfrica[28].
These populations and subpopulations reflect not only
their geographical origin but also ethnic groups of their
hosts. Spatial separation reduces bacterial recombination
between different geographical regions. A weakly clonal
population may thus be generated in strains from a particular geographical region[29]. H. pylori spreads mainly
through a mode of family transmission[30,31], leading to a
reduced chance of recombination between strains from
different ethnic groups. Therefore, strains from different
ethnic groups could be distinguished in the phylogenetic
analysis. This is one of the features that allows phylogenetic analysis of H. pylori to be used to trace the history
of human migration.

GENETIC DIVERSITY AND POPULATIONS
OF H. PYLORI
There are three types of bacterial population structure:
clonal, panmictic and endemic[11]. If intra-species or
inter-species recombination is rare, the genetic diversity
of a bacterial species predominantly comes from evolution of the ancestry. This species has a clonal population
structure. In a species with high frequency of recombination, introduction of foreign gene fragments into
the genome occurs frequently in the evolution history.
As foreign genes have a different evolution history, the
evolution speed of individual genes is different. In this
case, the species possess a panmictic structure. For a
bacterial species with a panmictic structure, a temporal
clonal structure may occur if it rapidly spread among
naïve hosts. In this situation, a bacterial species has an
endemic structure.
H. pylori shows great inter-strain variation in genetic
content[12]. None of the individual strains is identical as
demonstrated by multiple fingerprinting methods[13,14].
Sequence divergence is the main cause of this variation.
Comparison of two sequenced genomes revealed occurrence of substantial silent mutation in the genetic loci[15].
A number of mechanisms are involved in the generation
of the sequence variation: H. pylori shows a higher mutation rate than Escheria coli[16]. Approximately a quarter of
strains possess a mutator-like phenotype. This is attributed to the lack of a functional DNA repair system[16,17]
and error-prone DNA polymerase in H. pylori[18]. Recombination in H. pylori is more frequent than in any other
organism studied to date[19]. Foreign DNA from the same
species or phage has been found in the bacterium[15].
Strand slippage mispairing is another mechanism responsible for genetic diversity. A number of homopolymeric
tracts and dinucleotide repeat regions are present in the H.
pylori genome[20,21], which may cause replication error and
subsequently sequence variation. H. pylori has a specialized type Ⅳ system for uptake of foreign DNA from the
same species or other species[22]. Foreign DNA fragments
are subsequently integrated into the genome by recombination. A high frequency of recombination and a high
mutation rate in H. pylori result in a panmictic structure
of the bacterium[23].
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GENOMIC DIVERGENCE BETWEEN
H. PYLORI POPULATIONS
H. pylori has been accompanying human hosts for more
than 58 000 years[10]. The genome of H. pylori is thus
shaped by its human hosts due to the long co-existence[32].
H. pylori strains differ in their affinity to bind blood group
antigens expressed in the gastric mucosa[33]. Strains from
Europe bind all three blood group antigens, while Amerindian strains have higher affinity for O blood antigen as
this antigen is predominant in Amerindians[32]. Therefore,
the genomic content of H. pylori may vary in different
populations.
To date, a number of strains of H. pylori have been
sequenced[15,34-37]. Of these, the origin and other information of 30 strains are publicly available. These include 14
strains from hpEastAsia (7 from hspEasia and 7 from
hspAmerind subpopulations, respectively), 10 from
hpEurope, 5 from hpAfrica1 and 1 from hpAfrica2[38-41].
All, except for strain B38 from hpEurope, possess cagA
and the cag pathogenicity island (cag PAI). The genomic
size of cagA-positive H. pylori ranges from approximately
1.55 mbp to 1.71 mbp with an average of 1.61 mbp. For
cagA-negative strains, their genome is generally smaller because of the lack of the cag pathogenicity island of about
40 kbp. We analyzed the average genomic size of cagApositive H. pylori strains from different populations[42-47].
The average genomic size of strains from hpEurope is
approximately 1.65 mbp, which is significantly larger than
that from hpEastAsia (1.60 mbp, P < 0.05) or hpAfrica1
(1.60 mbp). Consistent with this, strains of hpEurope
have the highest number of coding sequences. There was
a statistically significant difference between hpEurope and
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Asia in the prevalence of strains possessing the cag PAI.
Approximately 60% to 70% of Western H. pylori strains
express CagA[61,63], indicating the presence of the cag PAI.
In East Asia, however, almost 100% of strains possess
the cag PAI irrespective of pathology[64,65]. It is believed
that the cag PAI is deleted in Western strains resulted from
recombination between the repeats flanking the island[66].
This results in a reduced genomic size by approximately
40 kbp. In addition, it has been demonstrated that the
prevalence of strains with an intact cag PAI is the lowest
in Western countries[67]. As described above, strains from
hpEurope are coincidently 40 kbp larger than the average
genomic size of H. pylori. Thus, the occurrence of cagAnegative strains in hpEurope is probably due to the evolution of the bacterium towards a smaller genome.

hpEastAsia in the average genomic size and number of
CDS. The size of bacterial genomes is primarily determined by two counteracting processes: the gain of new
genes by gene duplication or by horizontal gene transfer;
and the decay of non-essential genes[15]. Both of these
processes have been observed in H. pylori. Recombination,
conjugation, insertion elements, mutation and slippedstrain replication lead to gene gain or loss[34]. They may be
involved in the variability of genomic size among H. pylori
of different populations.
For bacteria, a larger genome requires more metabolic activities and consumes more energy[48,49]. Therefore
bacteria containing a larger genome may have a lowered
capacity of growth, reducing its competitive ability with
other bacteria in the same ecological niche. This leads to
a decreased spread of bacteria. It is well known that H.
pylori is less prevalent in Western countries than in other
parts of the world[50]. Hygiene, economical incomes and
social status have been suggested to contribute to this differential prevalence[51]. It is arguable that a larger genome
of H. pylori strains in Western countries may also contribute to the low prevalence of the infection in this region.
Comparison of the genomic content of H. pylori from
different populations revealed differences in the compositions of outer membrane proteins and central metabolism[39].
Compared with hpEurope, strains from hpEastAsia tend
to have fewer genes of these two categories. There are a
total of 12 genes in H. pylori involved in molybdenum metabolism, including those encoding proteins for molybdenum transport and cofactor synthesis and a molybdenumcontaining enzyme. A massive decay of molybdenumrelated genes occurs in strains from hpEastAsia. At least
five genes are fragmented due to mutations. The molybdenum-containing enzyme functions in electron transfer
and responses to oxidative and acid stress[52]. It is probable
that in hpEastAsia populations, H. pylori use alternative
pathways for the purpose[39]. Outer membrane proteins
consist of several paralog families interacting with the
human host[53,54]. In the hpEastAsia population, there is a
tendency for a reduced number of these proteins resulting
from mutations and recombination. Therefore it appears
that H. pylori from hpEastAsia have evolved to possess a
reduced genome.
The cag PAI is a 40-kb DNA fragment which contains
27 to 31 genes flanked by 31-bp direct repeats[55]. It encodes CagA, the major virulence determinant of H. pylori
and components of a type Ⅳ secretion system[56,57]. The
latter translocates CagA into host cells[58]. Once inside
the host cells, CagA binds to a number of host cell proteins disrupting intracellular signaling systems via tyrosine
phosphorylation-dependent or -independent pathways[59].
This causes elongation and loss of polarity of host cells,
promoting proliferation and inflammation. The presence
of the cag PAI in H. pylori is associated with increased risk
of severe gastritis, atrophic gastritis, and distal gastric
cancer compared with strains that lack the cag island[60-62].
A marked difference lies between hpEurope and hpEast-
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VARIATION IN THE CARCINOGENIC
POTENTIAL OF H. PYLORI POPULATIONS
The incidence of gastric cancer varies in different geographical regions. It is higher in East Asian countries than
in any other countries when age-standardized rates are
considered[68]. In some countries of West Africa and South
America, there is also an increased incidence of gastric
cancer[69,70]. The geographic difference in the incidence
of gastric cancer can be attributed partially to the difference in the prevalence of H. pylori infection[71]. A high
prevalence of virulent strains of H. pylori is another contributing factor to the high incidence of gastric cancer in
East Asia. Virulent strains possess the cag PAI and express
VacA. There is, however, a disparity between the prevalence of H. pylori or virulent strains and the incidence of
gastric cancer. In Linqu County, China, the incidence of
gastric cancer is extremely high, while in its neighboring county Cangshan the incidence is very low[72,73]. The
rate of H. pylori infection and the proportion of virulent
strains in these two counties, however, show no significant
difference[74]. Similar results have been found when comparing two regions in Mexico with contrasting incidence
of gastric cancer[75]. These results indicate differential
incidence of gastric cancer among different geographical
regions is attributable to other bacterial factors.
To explore other bacterial factors related to carcinogenesis, the phylogeographical origin of H. pylori has
been investigated[76]. In the Andean mountain region of
Colombia, habitants have a high incidence of gastric cancer (150 per 100 000 people per year)[77,78], while habitants
in the coastal line 200 kilometers away, have a very low
incidence of gastric cancer (6/100 000)[77,78]. The prevalence of the infection and virulent strains of H. pylori in
these two regions are similar[75]. All H. pylori strains isolated from the Andean region, however, are from hpEurope, in contrast to strains isolated from the coastal line
which are mainly from hpAfrica1[76]. Furthermore, strains
from the Andean region caused more severe mucosal
inflammation and more DNA damage in epithelial cells.
This suggests that strains of hpEurope probably have an
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increased carcinogenic potential compared with those of
hpAfrica1[76]. Ancestral origin of the bacterium could be
an important factor contributing to gastric carcinogenesis. This conclusion is further supported from a study
conducted in Malaysia[7]. There are three ethnic groups
in the country: Malay, Indian and Chinese. The infection
rate of H. pylori in Malays is lower than that in Indian and
Chinese subjects[79]. The incidence of gastric cancer, however, is similar in Malays and Indians, but is much lower
than in the Chinese[80]. Analysis of the ancestral origin
of H. pylori found that strains isolated from both Malay
and Indian subjects belonged to hpAsia2, whereas those
isolated from Chinese subjects belonged to hpEastAsia.
This suggests a different potential for carcinogenesis
between hpAsia2 and hpEastAsia. H. pylori populations
generally reflect the geographical regions from which
they are isolated. Differences in the incidence of gastric
cancer among geographical regions could be in part attributed to different populations of H. pylori. Further
study is required to investigate other bacterial factors involved in the carcinogenesis.
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CONCLUSION
In summary, geographical separation reduces the frequency of recombination between H. pylori strains from
a local area and those from outside. This leads to the
formation of a clonal population structure of H. pylori
in the local area. Thus, populations of H. pylori could
be identified through examination of global strains. For
each population, H. pylori have experienced relatively
separate evolution processes, resulting in genomic diversity and differential potential for carcinogenesis. Further
study to characterize these differences may help elucidate mechanisms involved in the development of gastric
cancer induced by H. pylori.
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AIM: To investigate human epidermal growth factor receptor 2 (HER2)-phosphatidylinositol 3-kinase (PI3K)-vAkt murine thymoma viral oncogene homolog signaling
pathway.
METHODS: We analyzed 231 formalin-fixed, paraffinembedded gastric cancer tissue specimens from Japanese patients who had undergone surgical treatment.
The patients’ age, sex, tumor location, depth of invasion, pathological type, lymph node metastasis, and
pathological stage were determined by a review of the
medical records. Expression of HER2 was analyzed by
TM
immunohistochemistry (IHC) using the HercepTest
kit. Standard criteria for HER2 positivity (0, 1+, 2+,
and 3+) were used. Tumors that scored 3+ were considered HER2-positive. Expression of phospho Akt (pAkt)
was also analyzed by IHC. Tumors were considered
pAkt-positive when the percentage of positive tumor
cells was 10% or more. PI3K, catalytic, alpha polypeptide (PIK3CA) mutations in exons 1, 9 and 20 were
analyzed by pyrosequencing. Epstein-Barr virus (EBV)
infection was analyzed by in situ hybridization targeting EBV-encoded small RNA (EBER) with an EBER-RNA
probe. Microsatellite instability (MSI) was analyzed by
polymerase chain reaction using the mononucleotide
markers BAT25 and BAT26.
RESULTS: HER2 expression levels of 0, 1+, 2+ and
3+ were found in 167 (72%), 32 (14%), 12 (5%) and
20 (8.7%) samples, respectively. HER2 overexpression (IHC 3+) significantly correlated with intestinal
histological type (15/20 vs 98 /205, P = 0.05). PIK3CA
mutations were present in 20 cases (8.7%) and significantly correlated with MSI (10/20 vs 9/211, P < 0.01).
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and the second leading cause of cancer-related deaths
worldwide [1]. Genetic and epigenetic alterations play
important roles in the development and progression of
these tumors[1,2]. Considerable attention has been given
to the potential role of the phosphatidylinositol 3-kinase
(PI3K)-Akt signaling pathway in gastric cancer[3,4]. Various alterations, such as activation of growth factor receptors, PI3K, catalytic, alpha polypeptide (PIK3CA) mutations and inactivation of phosphatase and tensin homolog (PTEN) lead to activation of the PI3K-Akt signaling
pathway. With regards to growth factor receptors, there
is growing evidence that human epidermal growth factor
receptor 2 (HER2) is a key driver of tumorigenesis and
an important biomarker in gastric cancer. The amplification or overexpression of HER2 is observed in 7%-34%
of these cases[5-9].
PIK3CA is mutated in a wide variety of human tumor types[10,11], including gastric cancers[12-15]. Activating
mutations in this gene up-regulate the PI3K-Akt signaling
pathway, making it a potentially useful therapeutic target.
For example, oncogenic mutations of PIK3CA reportedly render breast cancers more resistant to treatment with
the anti-HER2 receptor antibody trastuzumab[16]. Thus,
this signaling pathway is thought to be one of the mechanisms underlying resistance to trastuzumab. Trastuzumab
has recently been approved for treatment of advanced
gastric cancers[5,6].
Pyrosequencing-based methods facilitate the identification of low-frequency tumor mutations and allow a
more accurate assessment of tumor mutation burden[17].
PIK3CA mutations have been detected in 4%-25% of
gastric cancers[12-15]. However, in most previous studies,
only exons 9 and 20 hot spot mutations in PIK3CA were
analyzed by DNA sequencing. Moreover, the association
between HER2 expression and PIK3CA mutations in
gastric cancer has not been reported.
A signiﬁcant correlation has been found between Epstein-Barr virus (EBV) and the methylation of multiple
genes in gastric cancers[18-20]. EBV infection reportedly
induces PTEN expression loss through CpG island methylation of its promoter, leading to activation of the PI3KAkt signaling pathway, in EBV-associated gastric cancer[21].
The aim of our present study was to systematically
characterize HER2 expression, PIK3CA mutations, and
EBV infection, all of which are involved in the PI3K-Akt
signaling pathway, in a large cohort of gastric cancers (n =
231). We wished to determine the prevalence of each of
these factors with a high precision and thereby correlate
them with clinicopathological and molecular features of
gastric lesions, including microsatellite instability (MSI)
and phospho Akt (pAkt) expression.

The mutation frequency was high (21%) in T4 cancers
and very low (6%) in T2 cancers. Mutations in exons
1, 9 and 20 were detected in 5 (2%), 9 (4%) and 7
(3%) cases, respectively. Two new types of PIK3CA
mutation, R88Q and R108H, were found in exon1. All
PIK3CA mutations were heterozygous missense singlebase substitutions, the most common being H1047R
(6/20, 30%) in exon20. Eighteen cancers (8%) were
EBV-positive and this positivity significantly correlated
with a diffuse histological type (13/18 vs 93/198, P =
0.04). There were 7 cases of lymphoepithelioma-like
carcinomas (LELC) and 6 of those cases were EBV-positive (percent/EBV: 6/18, 33%; percent/all LELC: 6/7,
86%). pAkt expression was positive in 119 (53%) cases but showed no correlation with clinicopathological
characteristics. pAkt expression was significantly correlated with HER2 overexpression (16/20 vs 103/211,
P < 0.01) but not with PIK3CA mutations (12/20 vs
107/211, P = 0.37) or EBV infection (8/18 vs 103/211,
P = 0.69). The frequency of pAkt expression was
higher in cancers with exon20 mutations (100%) than
in those with exon1 (40%) or exon9 (56%) mutations.
One case showed both HER2 overexpression and EBV
infection and 3 cases showed both PIK3CA mutations
and EBV infection. However, no cases showed both
PIK3CA mutations and HER2 overexpression. One EBVpositive cancer with PIK3CA mutation (H1047R) was
MSI-positive. Three of these 4 cases were positive for
pAkt expression. In survival analysis, pAkt expression
significantly correlated with a poor prognosis (hazard
ratio 1.75; 95%CI: 1.12-2.80, P = 0.02).
CONCLUSION: HER2 expression, PIK3CA mutations
and EBV infection in gastric cancer were characterized.
pAkt expression significantly correlates with HER2 expression and with a poor prognosis.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Tissue samples
A total of 231 formalin-fixed, paraffin-embedded (FFPE)
gastric cancer tissue specimens from Japanese patients
who had undergone surgical treatment was analyzed in

INTRODUCTION
Gastric cancer is one of the most common cancer types
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counterstained with hematoxylin. Tumors were considered
pAkt-positive when the percentage of positive tumor cells
was 10% or more[22]. Only clear staining of the tumor cell
nucleus and/or cytoplasm was considered positive.

Table 1 Clinicopathological characteristics of patients with
gastric cancer
Variables (n = 231)
Sex
Age (yr)
Location

Depth of invasion

Lymph node metastasis

Stage

Lauren histotype

n (%)
Male
Female
Median (range)
Cardias
Body
Antrum
Unknown
T2
T3
T4
N0
N+
N1
N2
N3
Unknown
ⅠB
Ⅱ
ⅢA + ⅢB
Ⅳ
Unknown
Intestinal
Diffuse
Others

157 (68)
74 (32)
71 (25-91)
82 (35)
62 (27)
83 (36)
4 (2)
125 (54)
92 (40)
14 (6)
65 (28)
158 (68)
73 (32)
56 (24)
29 (13)
8 (3)
49 (21)
45 (19)
82 (35)
51 (22)
4 (2)
113 (49)
112 (48)
6 (3)

Mutation analysis of the PIK3CA gene by pyrosequencing
Genomic DNA was extracted from tumor specimens and
mutations in exon9 and exon20 of the PIK3CA gene were
analyzed by pyrosequencing as described previously[23,24].
We also developed a pyrosequencing assay to detect PIK3CA exon1 mutations using the primer sets exon1-RS1
(5’-GGGAAGAATTTTTTGATGAAACA-3’ for the
biotinylated forward primer and 5’-GGTTGCCTACTGGTTCAATTACTT-3’ for the reverse primer) and
exon1-RS2 (5’-CGGCTTTTTCAACCCTTTTT-3’ for
the forward primer and 5’-ATTTCTCGATTGAGGATCTTTTCT-3’ for the biotinylated reverse primer).
Each polymerase chain reaction (PCR) mix contained
the forward and reverse primers (each 10 μmol/L), a 25
mmol/L dNTP mix with dUTP, 75 mmol/L MgCl2, 1 ×
PCR buffer, 1.0 U of exTaq, and 2 μL of template DNA
in a total volume of 25 μL. PCR conditions were as follows: initial denaturing at 95 ℃ for 5 min; 50 cycles of
94 ℃ for 20 s, 50 ℃ for 20 s and 74 ℃ for 40 s; and a
final extension at 72 ℃ for 1 min. The PCR products (each
25 μL) were sequenced using the PyroMark kit and Pyrosequencing PSQ96 HS System (Qiagen, Valencia, CA).

this study. The patients’ age, sex, tumor location, depth
of invasion, pathological type, lymph node metastasis,
and pathological stage were determined by a review of
their medical records. Clinicopathological findings were
determined according to the criteria of the Japanese Research Society for Gastric Cancer (Table 1). Our institutional review committee approved the study.

In situ hybridization for EBER1
The presence of EBV in the carcinoma tissues was evaluated by in situ hybridization (ISH) targeting of EBVencoded small RNA (EBER-ISH) with an EBER-RNA
probe (Dako Cytomation).

Immunohistochemistry
HER2 expression was analyzed using the HercepTestTM
kit (DAKO, Carpinteria, CA) by manual sample processing in accordance with the manufacturer’s instructions.
Standard criteria for HER2 positivity (0, 1+, 2+ and
3+) were used. Tumors that scored 3+ were considered
HER2-positive. For the immunohistochemical analysis of
pAkt, FFPE specimens were processed using SignalStain
Boost Detection Reagent (Cell Signaling Technology,
Beverly, MA). Briefly, 5-μm-thick sections were dewaxed
in xylene, rehydrated in ethanol, and heated with target
retrieval solution (DAKO) in an autoclave for antigen
retrieval. Endogenous peroxidase was blocked by incubation with 0.3% hydrogen peroxide in methanol for 10
min. The tissue sections were then washed twice with
tris-buffered saline (TBS) and preblocked with 10% goat
serum in TBS for 60 min. After washing with TBS, the
sections were incubated with an anti-phospho-Akt (Ser473)
polyclonal antibody (D9E, Cell Signaling Technology)
at a dilution of 1:100 for 30 h at 4 ℃. The sections were
washed three times in TBS and incubated with SignalStain
Boost Detection Reagent for 45 min. After three further
washes in TBS, a diamino-benzidine tetrahydrochloride
working solution was applied. Finally, the sections were
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Microsatellite instability analysis
MSI was analyzed by PCR using the mononucleotide
markers (BAT25 and BAT26). Based on the number of
markers showing instability per tumor sample, cancers
were divided into two groups; those with one or more
of the two markers displaying MSI and those with no
instability (microsatellite stable).
Statistical analysis
For all statistical analysis, the JMP program was used. All
P values were two-sided and statistical significance was set
at P ≤ 0.05. For categorical data, the χ 2 test was used. For
survival analysis, Kaplan-Meier method and log-rank test
were used. For analysis of cancer-specific mortality, we
excluded surgery-related deaths (deaths within one month
of surgery).

RESULTS
HER2 expression in gastric cancer tissues
HER2 expression levels of 0, 1+, 2+ and 3+ were found
in 167 (72%), 32 (14%), 12 (5%) and 20 (8.7%) samples,
respectively (Figure 1). HER2 overexpression (IHC 3+)
significantly correlated with intestinal histological type
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Table 2 Clinicopathological characteristics of patients with gastric cancer based on human epidermal growth factor receptor 2 expression, phosphatidylinositol 3-kinase, catalytic, alpha polypeptide mutations and Epstein-Barr virus infection n (%)

Sex

Male
Female
Age
Median
Location Cardias
Body
Antrum
Unknown
Depth
T2
T3
T4
L/N meta N0
N+
N1
N2
N3
Unknown
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Unknown
Lauren
Intestinal
histotype Diffuse
LELC
Others
MSI
pAkt
3 yr OS (%)

Positive
(n = 20)

HER2
Negative
(n = 211)

15 (75)
5 (25)
69 (50-84)
10 (50)
5 (25)
5 (25)
0
12 (60)
8 (40)
0
5 (25)
14 (70)
5 (25)
6 (30)
3 (15)
1 (5)
5 (25)
3 (15)
6 (30)
5 (25)
1 (5)
15 (75)
5 (25)
0
0
2 (10)
16 (84)
29.4

142 (67)
69 (33)
71 (25-91)
72 (34)
57 (27)
78 (37)
4 (2)
113 (54)
84 (40)
14 (6)
60 (28)
144 (68)
68 (32)
50 (24)
26 (12)
7 (3)
44 (21)
42 (20)
76 (36)
46 (22)
3 (1)
98 (46)
107 (51)
6 (3)
6 (3)
28 (13)
103 (51)
59.2

P value

Mutation
(n = 20)

PIK3CA
Wild type
(n = 211)

0.48

13 (65)
7 (35)
71 (25-85)
5 (25)
4 (20)
10 (50)
1 (5)
8 (40)
9 (45)
3 (15)
4 (20)
16 (80)
8 (40)
6 (30)
2 (10)
0
1 (5)
7 (35)
8 (40)
4 (20)
0
14 (70)
6 (30)
2 (10)
0
10 (50)
12 (63)
57.3

144 (68)
70 (32)
70 (38-91)
77 (36)
58 (27)
73 (35)
2 (1)
117 (55)
83 (39)
11 (5)
61 (29)
142 (67)
65 (31)
50 (24)
27 (13)
8 (4)
48 (23)
38 (18)
74 (35)
47 (22)
4 (2)
99 (47)
106 (50)
4 (2)
6 (3)
20 (9)
107 (53)
56.8

0.26
0.49

0.48

0.71

0.89

0.05

0.72
< 0.01
0.24

P value

Positive
(n = 18)

EBV
Negative
(n = 204)

0.77

14 (78)
4 (22)
72 (48-90)
8 (44)
5 (28)
5 (28)
0
12 (67)
6 (33)
0
3 (17)
14 (77)
8 (44)
2 (11)
4 (22)
1 (6)
3 (17)
4 (22)
6 (33)
4 (22)
1 (6)
5 (28)
13 (72)
5 (28)
0
1 (6)
8 (47)
57.4

138 (68)
66 (32)
70 (38-91)
73 (36)
55 (27)
75 (37)
1 (0)
106 (52)
85 (42)
13 (6)
57 (28)
140 (69)
63 (31)
53 (26)
24 (12)
7 (3)
41 (20)
39 (19)
75 (37)
46 (23)
3 (1)
105 (51)
93 (46)
0
6 (3)
26 (13)
103 (52)
57.3

0.40
0.31

0.15

0.37

0.14

0.13

< 0.01
0.37
0.59

P value
0.38
0.41
0.70

0.35

0.28

0.98

0.04

0.36
0.69
0.98

MSI: Microsatellite instability; LELC: Lymphoepithelioma-like carcinoma; HER2: Human epidermal growth factor receptor 2; PIK3CA: Phosphatidylinositol 3-kinase, catalytic, alpha polypeptide mutations; EBV: Epstein-Barr virus; pAkt: Phospho Akt; OS: Overall survival.

in T4 cancers and low (6%) in T2 cancers. Mutations in
exons 1, 9 and 20 of PIK3CA were detected in 5 (2%),
9 (4%) and 7 (3%) cases, respectively (Table 3). One case
had multiple PIK3CA mutations (R108H and E542K).
The exon20/exon9 prevalence ratio was 0.78 (7/9). Two
new types of PIK3CA mutations, R88Q and R108H,
were detected in exon1. All mutations were heterozygous
missense single-base substitutions and the most common
mutation was H1047R (6/20; 30%) in exon20. PIK3CA
mutations were also found to significantly correlate with
MSI (10/20 vs 9/211, P < 0.01) but not with other clinicopathological characteristics. The three-year survival
rates were 57% in patients with PIK3CA mutations and
57% in cases without PIK3CA mutations, respectively
(HR 1.37; 95%CI: 0.68-3.26, P = 0.59).

Table 3 Frequencies of phosphatidylinositol 3-kinase, catalytic,
alpha polypeptide mutations detected in gastric cancer tissues
Mutation

Overall
Percent/
Percent/
Microsatellite
frequency total cases mutated cases instability

Exon1

R88Q
R108H
Total

1
4
5

0.4
1.7
2.2

5
20

1
1
2

Exon9

E542K
E545K
E545G
Total

5
2
2
9

2.2
0.9
0.9
4.0

25
10
10

1
1
1
3

1
6
7

0.4
2.6
3.0

5
30

1
4
5

Exon20 H1047Y
H1047R
Total

EBV infection
Eighteen samples in our cohort (8%) were EBV-positive
and this positivity significantly correlated with diffuse
histological type (13/18 vs 93/198, P = 0.04) (Table 2
and Figure 3). There were 7 cases of LELC and 6 of
those cases were EBV-positive (percent/EBV: 6/18,
33%; percent/all LELC: 6/7, 86%). The three-year survival rates were 57% in patients with EBV infection and
57% in those without EBV infection (HR 0.81; 95%CI:

(15/20 vs 98/205, P = 0.05, Table 2). Three-year survival
rates were 29% in patients with HER2 overexpression
and 59% in cases without HER2 overexpression, respectively [hazard ratio (HR) 1.73; 95%CI: 0.87-3.14, P = 0.24].
Mutations of the PIK3CA gene in gastric cancer tissues
PIK3CA mutations were present in 20 cases (8.7%) (Table
2 and Figure 2). The mutation frequency was high (21%)
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Figure 1 Immunohistochemical analysis of human epidermal growth factor receptor 2
in gastric cancer tissues. A:
Human epidermal growth factor
receptor 2 (HER2) 3+; B: HER2
2+; C: HER2 1+; D: HER2 0.
Original magnification, ×200.
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Figure 2 Phosphatidylinositol 3-kinase, catalytic, alpha polypeptide mutations detected by pyrosequencing in gastric cancer tissues. A: Exon1 RS1 wild
type; B: 263G>A (R88Q) mutation; C: Exon1 RS2 wild type; D: 323G>A (R108H) mutation.
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A

B

C

Figure 3 In situ hybridization analysis of Epstein-Barr virus-encoded small RNA-1 and human epidermal growth factor receptor 2 immunohistochemical
expression in gastric cancer tissues. A: Gastric adenocarcinoma positive for Epstein-Barr virus-encoded small RNA-1 (EBER-1); B: Gastric adenocarcinoma negative for EBER-1; C: Immunohistochemical analysis of human epidermal growth factor receptor 2 (HER2) in an Epstein-Barr virus-positive and HER2-positive case.
Original magnification, ×200.
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Figure 4 Immunohistochemical analysis and assessment of phospho Akt positivity based on molecular alterations in gastric cancer tissues. A: Gastric
adenocarcinoma showing phospho Akt (pAkt) positivity. Original magnification, ×200; B: pAkt expression significantly correlates with human epidermal growth factor
receptor 2 (HER2) overexpression (P < 0.01) but not with phosphatidylinositol 3-kinase, catalytic, alpha polypeptide (PIK3CA) mutations (P = 0.37) or Epstein-Barr
virus (EBV) infection (P = 0.69).

0.36-2.31, P = 0.98).

or EBV infection (8/17 vs 103/198, P = 0.69) (Table 2).
The frequency of pAkt expression was higher in cancers
with exon20 mutations (100%) than in those with exon1
(40%) or exon9 (56%) mutations of PIK3CA, although
this difference did not reach statistical significance (Figure
4B). The five-year survival rates were 37% in patients
with pAkt expression and 59% in those without pAkt
expression (HR 1.75; 95%CI: 1.12-2.80, P = 0.02) (Figure
5). Hence, pAkt expression significantly correlates with a
poor prognosis in gastric cancer.

Association of HER2 overexpression, PIK3CA mutations
and EBV infection
One of our cases showed both HER2 overexpression
and EBV infection and 3 cases showed both PIK3CA
mutations and EBV infection. However there were no
cases showing both PIK3CA mutations and HER2 overexpression. Three of the 4 cases were positive also for
pAkt expression. PIK3CA mutations were present in 3
EBV-positive cancers, including 2 cases of LELC (2/5,
40%). One EBV-positive cancer with a PIK3CA mutation (H1047R) was MSI-positive.

DISCUSSION
In our present study, we systematically characterized HER2
expression, PIK3CA mutations and EBV infection, all of
which are involved in the PI3K-Akt signaling pathway, in
a large cohort of patients with gastric cancer (n = 231).
We aimed to determine the prevalence of these characteristics with a high level of precision and to correlate them
with clinicopathological and molecular features, such as
MSI and pAkt expression.

pAkt expression
pAkt expression was positive in 119 (53%) of our cases
but this showed no correlation with clinicopathological characteristics (Figure 4A). On the other hand, pAkt
expression was found to be significantly correlated with
HER2 overexpression (16/19 vs 103/204, P < 0.01) but
not with PIK3CA mutations (12/19 vs 107/204, P = 0.37)
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Figure 5 Survival analysis of gastric cancer patients. Three year survival of human epidermal growth factor receptor 2 (HER2)-positive vs HER2-negative, 29.1
mo vs 59.4 mo; Phosphatidylinositol 3-kinase, catalytic, alpha polypeptide (PIK3CA) mutation vs wild type, 63.7 mo vs 56.3 mo; Epstein-Barr virus (EBV)-positive vs
EBV-negative, 51.3 mo vs 57.6 mo; And phospho Akt (pAkt)-positive vs pAkt-negative, 50.7 mo vs 64.8 mo. Five year survival of pAkt-positive vs pAkt-negative cases,
35.5 mo vs 58.1 mo.

HER2 overexpression (IHC 3+) was present in 20
samples (8.4%), a value that is within the range (7%-34%)
reported in the current literature[5-9]. HER2 overexpression was found to significantly correlate with the intestinal histological type. Hence, the frequency of HER2 expression may depend on, at least in part, the distribution
of histology in a cohort of gastric cancer samples. Some
studies have suggested that HER2 positivity in gastric
cancer is associated with poor outcomes and aggressive
disease, but the results are conflicting. We found for the
first time in our present analyses that HER2 overexpression significantly correlates with pAkt expression in gastric cancer tissues. Moreover, pAkt expression correlated
with a poor prognosis in these patients. Thus, the HER2Akt axis may play an important role in gastric cancer.
Pyrosequencing-based methods facilitate the identification of low-frequency tumor mutations and allow a more
accurate assessment of tumor mutation burden[17,23,24]. We
characterized PIK3CA mutations in gastric cancer tissues
using pyrosequencing for the first time. The overall prevalence of PIK3CA mutations was found in our analysis
to be 8.7%, a value that is within the previously reported
range (4% to 25%)[10,12-15]. The mutation frequency was
found to be high (21.4%) in T4 cancers and low (6.4%) in
T2 cancers in our sample cohort. Thus, PIK3CA mutations appear to be late events in gastric carcinogenesis,
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leading to tumor progression. These patients might therefore be appropriate for targeted therapies directed against
the PI3K pathway.
The most common PIK3CA mutation found in our
analysis was H1047R, which was also found previously[15].
Importantly, two new types of mutations were found in
exon1. To our knowledge, PIK3CA mutations involving
residues 88 and 108 (R88Q and R108H) have been never
reported previously in gastric cancer, nor described in the
COSMIC database, despite the large number of previous studies in which this region was investigated. These
mutations have been detected in several other types of
cancer tissues[25]. Importantly also, these mutations have
been reported to be gain-of-function[26-28]. Our present
results thus have potential clinical implications since the
mutational status of PIK3CA could stratify patients for
genotype-based molecular therapies targeting the PI3K
pathway. Hence, exon1 of PIK3CA should be analyzed
in gastric cancer patients in these clinical settings.
PIK3CA mutations were found to be significantly associated with the MSI phenotype in our experiments. An
association between PIK3CA mutations and MSI has
been reported, or at least suggested, for both gastric and
colon cancers[12,13,29]. We found in our present study that
PIK3CA mutations in cancers with MSI are distributed
in exon1, exon9 and exon20. These results further sup-
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port the notion that PIK3CA is one of the most important oncogenes activated by missense mutations in MSIpositive gastric cancers.
The frequency of pAkt expression was found to be
higher in cancers with exon20 mutations (100%) than
in those with exon1 (40%) or exon9 (56%) mutations
in PIK3CA. These results further support the notion
that the functional significance of PIK3CA mutations
depends on the mutation type and that the H1047R hotspot mutation has high oncogenic activity.
The previous ToGA study has shown that the addition
of trastuzumab to the chemotherapeutic regimen improves survival in patients with advanced gastric or gastroesophageal junction cancer[5,6]. PIK3CA mutation is one
of the mechanisms underlying the resistance to trastuzumab in breast cancer[30]. Trastuzumab is likely to be effective for HER2-overexpressing breast cancers with no
PIK3CA mutations, with possible rescue using HER2TKIs in cases of relapse[31]. For HER2-overexpressing
breast cancer with PIK3CA mutations, inhibitors against
molecules of the PI3K pathway are possibly more effective than anti-HER2 agents, which are unlikely to be
beneficial[32]. In our present study, PIK3CA mutations
were not found in gastric cancers with HER2 overexpression. Thus, it is unlikely that PIK3CA mutation is
a major mechanism underlying the resistance to trastuzumab in gastric cancer.
HER2 overexpression was found in only one of the
18 EBV-positive gastric cancers in our sample cohort. This
result can be explained, at least in part, by the fact that
HER2 overexpression and EBV infection significantly
correlate with intestinal and diffuse histological types,
respectively. On the other hand, PIK3CA mutations were
identified in 3 EBV-positive cancers, including 2 cases
of LELC (2/5, 40%). Although not analyzed in our current study, EBV infection reportedly inactivates PTEN
through the CpG island methylation of its promoter in
EBV-associated gastric cancer[21]. Thus, alterations in the
PI3K-Akt signaling pathway in EBV-positive gastric cancers may differ from those in EBV-negative cancers.
Finally, pAkt expression was found to correlate with a
poor prognosis in gastric cancer. A significant association
between increased pAkt expression and poor prognosis
has been reported previously in patients with T3/T4
gastric cancer but not in those with T1/T2 cancer[33]. It
has been reported also that pAkt expression is associated
with increased resistance to multiple chemotherapeutic
agents in gastric cancer patients, when chemotherapeutic
sensitivities were tested using MTT assays[34]. Thus, Akt
activation appears to lead to a poor prognosis and resistance to chemotherapeutic agents in gastric cancer. A
positive correlation between a decrease in the pAkt levels
after gefitinib administration and tumor apoptotic index
in gastric cancer has also been reported[35]. Further analyses regarding the pAkt status in cancer tissues before
and after chemotherapy and molecular targeted therapy
will be necessary. Not all Akt activation events can be
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explained by HER2 expression, PIK3CA mutations, and
EBV infection in gastric cancer. We have reported previously that a dominant negative insulin-like growth factor
(IGF)-1 receptor blocks the Akt-1 activation induced by
IGF-1 and IGF-2 in gastric cancer cell lines[36]. Thus, molecular alterations, such as the overexpression of IGF-1
receptor, might be involved in the activation of Akt in
gastric cancer and this issue needs to be clarified in the
near future.
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ORIGINAL ARTICLE

Tumour seeding after percutaneous cryoablation for
hepatocellular carcinoma
Chun-Ping Wang, Hong Wang, Jian-Hui Qu, Yin-Ying Lu, Wen-Lin Bai, Zheng Dong, Xu-Dong Gao,
Guang-Hua Rong, Zhen Zeng, Yong-Ping Yang
1-90) mo. Seeding was detected in 11 patients (0.76%)
at 1-24 (median 6.0) mo after cryoablation. Seeding
occurred along the needle tract in 10 patients and at
a distant location in 1 patient. Seeded tumours usually
showed similar imaging and histopathological features
to the primary HCCs. Univariate analyses identified
subcapsular tumour location and direct subcapsular
needle insertion as risk factors for seeding. Multivariate
analysis showed that only direct subcapsular needle
insertion was an independent risk factor for seeding (P
= 0.017; odds ratio 2.57; 95%CI: 1.47-3.65). Seeding after cryoablation occurred earlier in patients with
poorly differentiated HCC than those with well or moderately differentiated HCC [1.33 ± 0.577 mo vs 11.12
± 6.896 mo; P = 0.042; 95%CI: (-19.115)-(-0.468)].
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CONCLUSION: The risk of seeding after cryoablation
for HCC is small. Direct puncture of subcapsular tumours
should be avoided to minimise seeding.
© 2012 Baishideng. All rights reserved.
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Abstract

Peer reviewers: Salvatore Gruttadauria, MD, Assistant Profes-

AIM: To assess the rate and risk factors for tumour
seeding in a large cohort of patients.

sor, Abdominal Transplant Surgery, ISMETT, Via E. Tricomi,
190127 Palermo, Italy; Zenichi Morise, MD, PhD, Professor
and Chairman, Department of Surgery, Banbuntane Houtokukai
Hospital, Fujita Health University School of Medicine, 3-6-10
Otobashi Nakagawa-ku, Nagoya, Aichi 454-8509, Japan

METHODS: Over an 8-year period, 1436 hepatocellular carcinoma (HCC) patients with 2423 tumour nodules
underwent 3015 image-guided percutaneous cryoablation sessions [1215 guided by ultrasonography and
221 by spiral computed tomography (CT)]. Follow-up
CT or magnetic resonance imaging was performed every 3 mo. The detailed clinical data were recorded to
analyse the risk factors for seeding.

Wang CP, Wang H, Qu JH, Lu YY, Bai WL, Dong Z, Gao XD,
Rong GH, Zeng Z, Yang YP. Tumour seeding after percutaneous
cryoablation for hepatocellular carcinoma. World J Gastroenterol
2012; 18(45): 6587-6596 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v18/i45/6587.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i45.6587

RESULTS: The median follow-up time was 18 (range
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INTRODUCTION

MATERIALS AND METHODS

In patients with hepatocellular carcinoma (HCC) superimposed on cirrhosis, orthotopic liver transplantation,
surgical resection and percutaneous ablation are considered radical treatments as they provide better survival
rates compared with no treatment[1]. Because of the poor
acceptance of surgery and a severe shortage of donor
organs, image-guided percutaneous ablation therapies
play an important role in the management of HCC. Various local ablation therapies such as percutaneous ethanol
injection (PEI), radiofrequency ablation (RFA), microwave (MW) ablation and cryoablation have been developed for the treatment of unresectable HCC. All these
procedures require the insertion of long, sharp needles
into the liver parenchyma and tumours, which may cause
various complications, although the complication rates
are low. Tumour seeding is one of the most serious complications, especially in patients who are waiting for liver
transplantation[2]. The reported incidence of seeding
after other ablation procedures varies widely: 0.2%-1.4%
following PEI[3,4], 0.005%-12.5% following RFA[5,6] and
0.75% following MW ablation[7].
Certain factors have been found to increase the likelihood of needle-tract seeding, including a superficial
or subcapsular tumour[8], high number of needle insertions[9,10], large needle bore[9,11], end-cutting needle[8,9], absent or thin layer of normal liver parenchyma surrounding the needle tract[9,10], high-grade HCC (moderately or
poorly differentiated[3,8,9], high serum alpha-fetoprotein
(AFP) level[2], tumour volumes > 2 cm3 and immunosuppression[12].
Argon-helium cryoablation is a new local ablation modality. At one time, this technology caused some authors
to question its use in HCC. Most of the bias against this
percutaneous setting is based on a theoretical risk of postprocedure haemorrhage. However, the gradual downsizing of cryoprobes has fueled interest in percutaneous use,
which offers several potential advantages versus the heatbased ablation modalities[13]. First, multiple cryoprobes can
be used simultaneously to generate a large zone of ablation. Second, the size and shape of the developing ice ball
can be readily visualized using intra-procedural computed
tomography (CT), magnetic resonance imaging (MRI) or
ultrasound (US). Third, in contrast to heat-based ablation,
percutaneous cryoablation is a relatively painless procedure. Recently, many studies have reported that imagingguided percutaneous cryoablation is safe and effective for
the treatment of HCC[14-16]. In our previous study, the 1-,
2- and 3-year survival rates in patients with HCC < 5 cm
in diameter who were treated with cryoablation were 92%,
82% and 64%, respectively, and the rate of serious complications was low[15]. To our knowledge, tumour seeding
after percutaneous cryoablation for HCC has not been described to date. The present study was conducted to evaluate the incidence and possible risk factors for seeding after
percutaneous cryoablation, by reviewing the prospective
database of HCC patients treated by cryoablation in our
department.

Patients
This study included 1436 consecutive patients with HCC
who were treated at the Center of Therapeutic Research
for Hepatocellular Carcinoma, 302 Hospital of PLA,
between April 2003 and June 2011. HCC was diagnosed
based on typical findings on MRI or CT (hyperattenuation
in the arterial phase and hypoattenuation in the portalvenous phase) and serum AFP level. The diagnosis was
confirmed by histopathological examination of US- or
CT-guided biopsy specimens in 736 patients. Until 2007,
we biopsied almost all tumours before treatment, and after
2007 we only biopsied cases in which we could not make
a definite diagnosis using dynamic CT or MRI. Biopsy
specimens for histological examination were obtained
with 1-2 passes of a 19.5-gauge end-cutting needle (AutoVac; Angiomed, Karlsruhe, Germany). Histopathological
grading of tumour differentiation was performed using
the criteria described by Edmondson et al[17]. Tumour
stage was defined according to the Barcelona Clinic Liver
Cancer (BCLC) classification[18]. Performance status (PS)
was defined according to the Eastern Cooperative Oncology Group criteria (ECOG). The 1436 patients had a total
of 2423 tumours with a diameter of 1.2-15.0 cm (mean
4.5 ± 2.3 cm). The clinical characteristics of the patients
are shown in Table 1. All cryoablation treatments were approved by the Research Ethics Committee at 302 Hospital
of PLA. Written informed consent was obtained from all
patients who met the inclusion criteria, before blood and
tumour specimens were obtained, and before data were
collected and analysed.

WJG|www.wjgnet.com

Inclusion and exclusion criteria
Inclusion criteria for cryoablation were as follows: contraindications to surgical resection or orthotopic liver transplantation, Child-Pugh class A or B liver function, total
serum bilirubin level < 51.3 μmol/L, platelet count ≥ 20
× 109/L and performance status ≤ 2. Ascites was controlled before the procedure with diuretics. Patients with
early HCC who were reluctant to undergo hepatic resection or transplantation were included. Patients were excluded for the following reasons: BCLC stage D (ECOG
PS > 2, Child-Pugh C), tumour thrombosis at the main
branch of the portal vein and the size of the thrombosis
exceeded 50% of the diameter of the portal vein, extrahepatic metastasis, tumours which were not accessible
percutaneously, or a history of other ablation therapies.
We generally performed percutaneous cryoablation in
patients with up to three lesions, all of which were ≤ 5
cm in diameter, but we performed a combination of repeated cryoablation and transarterial chemoembolisation
(TACE) in some patients who did not meet these criteria.
Technical terms
We defined a session as a single treatment consisting of
one or more ablations performed on one or more tumours. To assess tumour depth, we categorised tumours
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After determining the most favourable percutaneous approach, we inserted the 3-mm cryoprobe into the tumour
through the sheath introducer system under US or CT
guidance, and advanced the tip to the distal margin of the
targeted lesion. The number of probes used depended
on the location and size of the lesions to be ablated.
The dual freeze-thaw cycle comprised a 20-min freeze,
a 10-min thaw and a further 15-min freeze. The dimensions of the frozen tissue were monitored by US or CT.
The cryoprobe temperatures were reduced to -135 ℃ ±
2 ℃ within 1 min. After removal of the probes, all tracts
were packed with Surgicel (Johnson and Johnson, Inc.,
Arlington, TX, United States) through the sheath introducer to control bleeding, and the sheath introducer was
removed. We aimed to perform curative ablation of all
tumours in each session by single or multiple cryoablation, particularly for tumours < 5 cm in diameter. Dynamic CT or MRI was performed 2-3 d after treatment
to evaluate treatment efficacy. Complete ablation was defined as non-enhancement of the entire lesion on CT or
MRI with a safety margin in the surrounding liver parenchyma. Patients underwent additional ablation sessions
until complete ablation was confirmed in all nodules, to a
maximum of three sessions. If ablation was incomplete
after three sessions, we performed TACE. The cryoablation procedure was performed under conscious sedation.
Echocardiography, ventilation and oxygen saturation
levels were monitored throughout the procedure. Patients
were kept warm during cryoablation with warming mats.

Table 1 Baseline characteristics of patients n (%)
Baseline characteristics
Age (yr)1
Sex
Male
Female
Aetiology
HBs-Ag positive only
HCV-Ab positive only
Both positive
Both negative
Child-Pugh score
Class A
Class B
Tumour size (cm)
≤3
3-5
≥5
Tumour number
Single
2-3
Tumour location
Subcapsular
No subcapsular
Route of needle insertion
Direct subcapsular insertion
Deep
BCLC staging
Stage A
Stage B
Stage C
Completed ablation
Yes
No
Tumour differentiation2
Well or moderate
Poorly
Biopsy performed prior to cryoablation2
Number of sessions
Single
2
>2
AFP (ng/mL)1

Value
55.9 ± 9.2
1176 (81.9)
260 (18.1)
1229 (85.6)
168 (11.7)
19 (1.3)
20 (1.4)
874 (60.9)
562 (39.1)
411 (28.6)
656 (45.7)
369 (25.7)
1213 (84.5)
223 (15.5)
484 (33.7)
952 (66.3)
213 (14.8)
1223 (85.2)
787 (54.8)
453 (31.5)
196 (13.7)
1168 (81.3)
268 (18.7)
490 (66.6)
246 (33.4)
736 (51.3)

Follow-up and tumour seeding
All patients underwent MRI and CT at 1 mo after cryoablation. Patients were then assessed every 2-3 mo, including measurements of liver biochemistry and AFP level,
and by CT or MRI. A newly detected tumour attached to
the peritoneum or pleura was considered to be seeded,
and the diagnosis was confirmed by biopsy and histopathological examination. Seeded tumours were treated
with repeat cryoablation, PEI or TACE when feasible.
The seeding rate was calculated based on the number of
patients.

336 (23.4)
743 (51.7)
357 (24.9)
575 ± 2039

1

Values are expressed as mean ± SD, n = 1436; 2Of 736 cases in which
biopsy was performed. HBs-Ag: Hepatitis B surface antigen; HCV-Ab:
Hepatitis C virus antibody; BCLC: The Barcelona Clinic Liver Cancer classification; AFP: Alpha-fetoprotein.

Statistical analysis
Potential risk factors for seeding were analysed. The following variables were recorded: age, sex, viral markers, tumour size, number of tumour nodules, tumour location,
direct subcapsular needle insertion, tumour differentiation, number of cryoablation sessions, number of needle
insertions, percutaneous biopsy prior to cryoablation and
serum AFP level. Continuous variables were compared
between patients with and without seeding using the Student’s t test. The χ 2 test or Fisher’s exact test was used to
compare categorical variables between the groups. Variables with P < 0.1 were entered into a multivariate logistic
regression model using stepwise selection of variables.
Variables with P < 0.05 were considered statistically significant. All analysis were conducted using SPSS software
version 13 (SPSS Inc., Chicago, IL, United States).

as subcapsular or deep. Tumours were defined as subcapsular when they were located adjacent to the surface of
the liver, less than 0.5 cm of parenchyma between the tumour and the liver capsule, otherwise, they were defined
as deep. Direct subcapsular needle insertion was defined
as puncture of subcapsular tumours without traversing
a sufficient portion of normal hepatic parenchyma. The
number of needle insertions was defined as the total
number of needle positions in all sessions.
Argon-helium cryoablation procedure
Argon-helium cryoablation was performed as described
in our previous report[16]. Briefly, an argon-helium gasbased CRYOcare system (EndoCare, Irvine, CA, United
States) and cryoprobes were used to freeze the tumour
with a dual freeze-thaw cycle under US or CT guidance.
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Table 2 Characteristics of the 11 hepatocellular carcinoma patients who had tumour seeding after cryoablation
Case No.
Age (yr)
Sex
Child-Pugh class
BCLC Stage
AFP (ng/mL)
No. of tumours
Tumour size (cm)
No. of sessions
No. of needle insertions
Completed ablation
Biopsy
Tumour differentiation
Primary HCC
Seeding HCC
Subcapsular location
Direct subcapsular insertion
Seeding location
Seeding time (mo)
Overall survival (mo)
Prognosis

1

2

3

4

5

6

7

8

9

10

11

66
M
A
A
7
1
6
2
4
Yes
No

51
F
A
B
9
1
3
1
2
Yes
Yes

47
M
A
B
3550
1
5.4
4
6
No
Yes

51
M
A
B
368
1
6
3
4
No
Yes

65
F
B
B
8589
1
3.2
1
2
Yes
Yes

43
M
A
C
16
1
8
3
6
No
No

49
M
A
A
75
1
2.4
1
1
Yes
No

61
M
B
B
33
3
4.8
2
3
Yes
No

58
M
A
A
23
1
2.6
1
1
Yes
No

58
F
A
A
48
2
2
4
4
Yes
Yes

72
M
B
B
294
1
5.6
2
3
Yes
Yes

Mod
Yes
Yes
Ip
24
36
Died

Poor
Poor
No
No
Ip
2
25
Alive

Mod
Mod
Yes
Yes
Sf
5
9
Died

Mod
Mod
Yes
Yes
Ip
5
19
Died

Poor
Yes
Yes
Pleura
1
18
Died

Mod
Yes
Yes
Ip and Im
6
12
Alive

Mod
Yes
Yes
Ip
12
18
Alive

Mod
No
No
Ip
7
26
Died

Mod
Yes
Yes
Ip
12
36
Alive

Well
Well
Yes
Yes
Ip
18
60
Alive

Poor
No
No
Pc
1
5
Alive

M: Male; F: Female; Ip: Intraperitoneal; Sf: Subcutaneous fat; Im: Intercostal muscle; Pc: Peritoneal cavity; HCC: Hepatocellular carcinoma; BCLC: The Barcelona Clinic Liver Cancer classification; AFP: Alpha-fetoprotein; Mod: Moderate.

were analysed using Kaplan-Meier estimates, and were
0.49% at 1 year and 1.0% at 2 years (Figure 1). Table 2
shows the baseline characteristics of the 11 patients with
seeding. Eight of these patients were male, and the mean
patient age was 56.5 ± 9.0 years. Ten patients were hepatitis B surface antigen positive and one patient was hepatitis
C virus antibody positive. Eight patients were Child-Pugh
class A and three were Child-Pugh class B. The mean
tumour size was 4.5 ± 1.9 cm, and the mean number
of tumours was 1.3 ± 0.6. The mean number of needle
insertions was 3.3 ± 1.7. Direct subcapsular needle insertions were performed in eight patients with subcapsular
tumours. Six patients underwent biopsy prior to cryoablation, of which three had poorly differentiated HCC. Four
patients were classified as BCLC stage A, six as stage B,
and one as stage C. The tumours were completely ablated
in eight patients. The mean serum AFP level was 1182.9
± 2668.6 ng/mL.
Seeding occurred along the cryoablation needle tract
in 10 patients, and at a distant location in 1 patient (Figure 2). The seeding was intraperitoneal in seven patients,
intraperitoneal and in the intercostal muscles in one patient, pleural in one patient, and in the abdominal wall
(subcutaneous fat) in one patient. One patient had distant
seeding in the peritoneal cavity. In ten patients, the seeded
tumours were < 3 cm in diameter, and in one patient the
tumour was 3 cm in diameter. Nine (81.8%) patients had a
single seeded tumour, and the other two (18.2%) patients
had two and three seeded tumours, respectively, indicating
that multiple seeding was not uncommon. One patient developed treatment-related liver haemorrhage 5 mo before
the seeding was detected.
CT and MRI are the preferred imaging modalities for
detecting needle-tract seeding. The seeded tumours are
usually detected as one or a few round or oval-shaped

0.10

Cumulative tumor seeding rate

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0.00

0

12

24
36
48
60
72
84
Seeding time from first cryoablation (mo)

96

Figure 1 Cumulative tumour seeding rate. The cumulative rate was 0.49%
at 1 year and 1.0% at 2 years.

RESULTS
Clinical features of patients with tumour seeding
A total of 1436 HCC patients underwent 3015 cryoablation sessions (1215 guided by ultrasonography and 221
guided by CT; average 2.1 sessions per patient) for 2423
nodules. When a patient underwent more than one treatment session, the data from the initial session were used.
During the follow-up period (median 18 mo; range 1-90
mo), seeding was diagnosed in 11 patients at an interval
of 1-24 (median 6.0) mo after the first cryoablation. The
seeding rate was 0.76% per patient (11/1436). The longest
interval between the first cryoablation session and detection of seeding was 2 years. The cumulative seeding rates
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A

B

C

D

E

F

G

H

Figure 2 Locations of hepatocellular carcinoma and of seeding after cryoablation. A: Intraperitoneal seeding (case 4); B: Intraperitoneal and intercostal muscle
seeding (case 6); C: Seeding in subcutaneous fat (case 3); D: Complete ablation of primary hepatocellular carcinoma (HCC) (case 11); E and F (case 11): Multiple,
small, intraperitoneal seeding nodules 1 mo later; G: Complete ablation of primary HCC (case 5); H: Pleural seeding nodules 1 mo later (case 5). Arrowheads indicate
primary HCCs, arrows indicate seeding.

enhancing nodules along the needle tract, with a few occurring at a distant location. Seeded tumours showed a
similar imaging pattern to primary HCCs, with arterial
phase hyperattenuation followed by portal-venous phase
hypoattenuation (Figure 3).
Tumour biopsies performed before cryoablation in
six patients who developed seeding showed that one
patient had a well differentiated tumour, two patients
had moderately differentiated tumours, and three patients had poorly differentiated tumours. The seeded
tumours in the nine patients without distant or pleural
seeding were confirmed by biopsy and histopathological
examination. The seeded tumour showed similar differentiation features to the primary HCC in four of these
patients (Figure 4).
Seeding was treated by PEI in four patients, resection
in one patient, cryoablation in two patients, cryoablation
plus sorafenib in two patients, and conservative treatment
in two patients. Of the nine patients with seeding who
were treated, recurrence of seeding after treatment occurred in five (55.6%), including three treated with PEI
and two treated with cryoablation plus sorafenib. Three

WJG|www.wjgnet.com

of the patients with recurrent seeding were treated with
RFA plus radiation and did not have further recurrence,
and the other two patients were treated with sorafenib
plus cryoablation and TACE (Figure 5).
At the end of the follow-up period, five patients with
seeding had died. The causes of death were intrahepatic
HCC progression and liver failure. No patient died of
their seeded tumour nodules. In patients with seeding,
the cumulative survival rates were 90% at 1 year, 68% at 2
years, 53% at 3 years, 32% at 4 years and 32% at 5 years.
In patients without seeding, the cumulative survival rates
were 86% at 1 year, 61% at 2 years, 51% at 3 years, 43% at
4 years and 34% at 5 years. There were no significant differences in survival rates between the two patient groups (P
= 0.942) (Figure 6).
Risk factors for tumour seeding
Table 3 shows the results of the univariate analysis to
identify risk factors for seeding. Direct subcapsular needle
insertion (P = 0.0043) and subcapsular tumour location
(P = 0.0152) were associated with seeding. There were
no significant associations between seeding and age, sex,
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A

B

C

Figure 3 Computed tomography showing tumour seeding in case 2 after cryoablation for hepatocellular carcinoma, with a history of transcatheter arterial chemoembolisation. A: Contrast-enhanced computed tomography (CT) image showing a 3-cm diameter hepatocellular carcinoma (HCC) in segment Ⅱ before
cryoablation (black arrow); B and C: Contrast-enhanced CT images during the arterial phase (B) and portal-venous phase (C) showing intraperitoneal seeding (white
arrow) at 2 mo after biopsy and percutaneous cryoablation. The tumour showed hyperattenuation during the arterial phase and hypoattenuation during the portalvenous phase, similar to the primary HCC. Histopathological examination of the seeded tumour showed a poorly differentiated HCC. Note that the intrahepatic tumour
was completely ablated.

A

B

C

D

Figure 4 Computed tomography image and histopathology of primary
and seeded tumours (case 10). The
58-year-old woman underwent biopsy
and percutaneous cryoablation for a
2-cm diameter subcapsular hepatocellular carcinoma (HCC). A: The tumour
was completely ablated (black arrow);
B: Intraperitoneal seeding at 18 mo
after treatment (white arrow); C: Histopathological examination of the biopsy
specimen from the primary tumour
showed a well differentiated HCC; D:
The seeded tumour was resected, and
histopathological examination showed
a well differentiated HCC. The patient
was alive and tumour-free at 60 mo
after cryoablation.

viral markers, Child-Pugh class, tumour size, number of
nodules, number of sessions, number of needle insertions, tumour differentiation, biopsy prior to cryoablation,
BCLC stage, incomplete ablation, or serum AFP level.
Even though there was no significant association between seeding and tumour differentiation, seeding was
detected earlier in patients with poorly differentiated
HCC than in those with well or moderately differentiated HCC [1.33 ± 0.577 mo vs 11.12 ± 6.896 mo; 95%CI:
(-19.115)-(-0.468); P = 0.042)]. Multivariate analysis
showed that the only significant risk factor for seeding
was direct subcapsular needle insertion (odds ratio 2.57;
95%CI: 1.47-7.65; P = 0.017).
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DISCUSSION
The new modality of imaging-guided percutaneous argonhelium cryoablation has been widely developed in China.
Many studies have reported the safety and efficacy of this
technique in the treatment of HCC[14-16]. Although many
complications have been reported, the majority are minor
and can be treated conservatively. In carefully selected patients, the rate of serious complications is low[16]. Because
of its minimal invasiveness and resulting large ablation
zone, percutaneous cryoablation is a useful treatment modality for HCC[19].
However, occasional tumour seeding after percuta-
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A
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D
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F

Figure 5 Patient treated with sorafenib plus cryoablation and transcatheter arterial chemoembolisation for hepatocellular carcinoma seeding (case 7). A:
Complete ablation of the subcapsular hepatocellular carcinoma (arrowhead); B: Multiple, small, intraperitoneal seeded nodules (white arrows); C: Seeded nodules
were treated with cryoablation (black arrows) plus sorafenib; D: Recurrence of seeding (white arrow); E: The recurrent seeding was treated with cryoablation (black
arrows); F: The seeding was also treated with transarterial chemoembolisation (white arrow). Six months later, there was no further recurrence.

period, 580 patients had died, and these patients had a median survival time of 15 (range 1 to 65) mo. All patients
were under close observation, and no patients were lost to
follow-up. Because of the duration and quality of followup, the likelihood of having missed a seeded tumour in
this study is minimal.
Similar to other percutaneous interventions such as
biopsy, PEI and RFA, the sites of seeding after cryoablation were the thoracic wall, abdominal wall, diaphragm and
peritoneal cavity[20-22]. Seeding usually occurred along the
needle tract, but a few cases were at a distant location, with
pleural and peritoneal cavity seeding in one patient each.
Regular follow-up with contrast-enhanced CT or MRI
from the chest to the pelvis is therefore very important.
The median time to diagnosis of seeding has been
reported to be 13 (range 1-58) mo after biopsy[21], 6 (range
2-48) mo after PEI[21] and 28.5 (range 8.6-60.7) mo after
RFA[22]. In the present study, the median time to diagnosis
was 6.0 (range 1-24) mo after cryoablation. The longest
interval from the first cryoablation session to the diagnosis of seeding was 2 years. It can therefore be concluded
that it is necessary to carefully monitor patients for at least
2 years after cryoablation for HCC. The reason for the
longest interval to the diagnosis of seeding in the present
study being shorter than in previous studies on biopsy,
PEI and RFA is unknown. There are no reports of growth
rates for seeded tumours after cryoablation, but it has
been reported that the growth rate of needle-tract seeding
after biopsy varies depending on the initial number of implanted tumour cells and the doubling time of the tumour,
as well as the microenvironment surrounding the seeded
tumour. The doubling time of seeded tumours after bi-

1.0

Cumulative survival

0.8

0.6
Patients without seeding
0.4
Patients with seeding

P = 0.942

0.2

0.0

0

12
24
36
48
60
72
84
Overall survival from first cryoablation (mo)

96

Figure 6 Cumulative overall survival in patients with and without tumour
seeding. Survival curves are drawn according to the Kaplan-Meier method, using the log-rank test.

neous cryoablation for HCC remains unavoidable, as in
other local ablation treatments such as PEI, RFA and
MW ablation. In this study, we systematically searched for
evidence of seeding using state-of-the-art imaging over a
long follow-up period, and found seeding in 11 of 1436
patients treated with 3015 cryoablation sessions. The
seeding rate was 0.76% per patient. The median interval
between the first cryoablation session and detection of
seeding was 6 (range 1-24) mo, with a median follow-up
time of 18 (range 1-90) mo. At the end of the follow-up
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Table 3 Characteristics of patients with and without tumour
seeding

Variable
Age (yr)1
Gender (male/female)
HBs-Ag positive only
HCV-Ab positive only
Both positive
Both negative
Child-Pugh class (A/B)
Tumour size (cm)1
Number of tumours1
Number of sessions1
Number of needle insertions1
Direct subcapsular insertion
Subcapsular location
Biopsy performed2
Poorly differentiated tumour
BCLC stage (A/B/C)
Completed ablation (yes/no)
AFP (ng/mL)1

Seeding was
Seeding was
not identified P value
identified
(n = 1425)
(n = 11)
56.5 ± 9.0
55.5 ± 9.3
0.8970
8/3
1168/257
0.6895
10
1219
0.9412
1
167
1.0000
0
19
1.0000
0
20
1.0000
8/3
866/559
0.6176
4.5 ± 1.9
4.6 ± 3.0
0.8800
1.3 ± 0.6
1.3 ± 0.7
0.9520
2.2 ± 1.2
2.3 ± 1.1
0.8764
3.3 ± 1.7
3.8 ± 1.1
0.3430
8
205
0.0043
8
476
0.0152
6
730
0.8264
3
243
0.6674
4/6/1
783/447/195 0.2869
8/3
1161/264
0.7235
1182.9 ± 2668.6 577.0 ± 2038.1 0.3270

Figure 7 The sheath introducer system. The cryoablation needle (black arrow)
is inserted and removed through the sheath introducer system (white arrow).

the present study, univariate analyses identified subcapsular tumour location and direct subcapsular needle insertion as risk factors. There were no significant associations between seeding and age, sex, viral markers, ChildPugh class, tumour size, number of nodules, number of
sessions, number of needle insertions, tumour differentiation, biopsy prior to cryoablation, BCLC stage, incomplete ablation or serum AFP level. Multivariate analysis
showed that only direct subcapsular needle insertion was
an independent risk factor for seeding.
Several studies have reported that subcapsular tumour
location was a risk factor for seeding[2,27-29]. In a study reporting a 12.5% seeding rate after RFA, all patients with
seeding had a subcapsular tumour[2]. This is consistent
with the results of our univariate analysis. In our initial
experience, percutaneous cryoablation of subcapsular
tumours was also associated with liver haemorrhage[16].
In the present study, treatment-related liver haemorrhage
occurred in one patient with seeding. We therefore insert
our cryoprobe across a portion of normal hepatic parenchyma, and avoid direct subcapsular needle insertion for
subcapsular tumours whenever possible. This minimises
both liver haemorrhage and needle-tract seeding. This
may explain why multivariate analysis only identified direct
subcapsular needle insertion as an independent risk factor.
There is still controversy regarding whether tumour biopsy prior to treatment or a poorly differentiated tumour
increase the risk of seeding[21-23,30]. In this study, biopsy
and a poorly differentiated tumour were not associated
with a higher rate of seeding. The current study also did
not show a significant association between seeding and tumour size or incomplete cryoablation, which is consistent
with the findings of other studies[21,26]. Although the 3-mm
cryoprobe was large, the risk of seeding after cryoablation
was small. The risk of seeding may be reduced by the use
of the sheath introducer system (Figure 7), through which
cryoablation needles are inserted and removed. Similarly,
Maturen et al[31] reported that no seeding occurred when
they used a needle introducer that remained in position
during multiple passes of a coaxial cutting needle for biopsies, which may protect the tissue along the needle tract
and reduce seeding. Further studies should be conducted

1

Values are expressed as mean ± SD; 2Of 736 cases in which biopsy was
performed. HBs-Ag: Hepatitis B surface antigen; HCV-Ab: Hepatitis C virus antibody; BCLC: The Barcelona Clinic Liver Cancer classification; AFP:
Alpha-fetoprotein.

opsy is 112 (range 22-415) d[8], which is comparable to
that of primary HCC. Regarding differentiation features,
Matsukuma et al[23] reported that peritoneal seeding can infrequently proliferate aggressively with more differentiated
features. In the current study, four patients with seeding
showed similar tumour differentiation features to the primary HCC, and only three patients had poorly differentiated HCC, so it is difficult to explain the shorter interval in
terms of tumour differentiation. The available data report
a median HCC diameter of 32.5 mm in patients who underwent PEI and 30 mm in patients who underwent RFA,
and the use of 14- to 22-gauge needles for biopsies, 21- to
22-gauge needles for PEI and 14- to 17-gauge needles for
RFA[20,21]. The shorter interval to detection of seeding after cryoablation may be related to the use of larger needles
(a 3-mm cryoprobe correlates to an 11-gauge needle) and
larger nodule size (mean 45 ± 19 mm).
HCC is particularly prone to seeding, with higher
seeding rates after biopsy (0%-5.1%)[24] than other solid
tumours such as pancreatic tumours (0.003%-0.017%)
and other abdominal tumours (0%-0.03%)[9,25].
In a recent review, several factors were suggested to
contribute to seeding after percutaneous interventional
procedures, which were listed as follows: poorly differentiated tumour, high serum AFP level, subcapsular
tumour location, biopsy prior to RFA, high number of
sessions and high number of electrode placements[19].
However, only Shirai et al[22] and Imamura et al[26] have reported multivariate analyses of these factors. Imamura et
al[26] reported that only poor tumour differentiation was
an independent risk factor for seeding. Shirai et al[22] reported that only RFA was an independent risk factor. In
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and knowledge of seeding and its risk factors are helpful
for minimising its occurrence.

to assess the effects of the sheath introducer system on
the risk of seeding in percutaneous cryoablation for HCC.
In addition, the low risk of cryoablation may be related to
the mechanisms of cryoablation. Cryotherapy is believed
to kill cells by several mechanisms, including intracellular
ice formation, solute-solvent shifts that cause cell dehydration and rupture, small vessel obliteration causing hypoxia
and specific anti-tumour immunoreactions that limit tumour growth[32,33]. Several studies found that cryoablation
resulted in both local tumour necrosis and necrosis and
shrinkage of the tissues adjacent to the tumour, which
was thought to indicate ectopic tumour suppression[33].
Preclinical evidence of a cryo-immunologic response as
well as some clinical data indicate that cryoablation may
generate an anti-tumour response[34,35]. Our previous study
indicated that cryoablation not only directly destroys
malignant tissues, but also has effects on the adjacent
tissues[36]. Cryotherapy resulted in reduced numbers of
peripheral Treg cells and a lowering of the CD8-FoxP3+/
CD8+FoxP3- ratio in malignant tissues[37]. We therefore
speculate that anti-tumour immunoreactions induced by
cryoablation may limit seeding. This concept deserves further study.
Although poorly differentiated tumour did not increase the risk of seeding, we found that seeding occurred
earlier in patients with poorly differentiated HCC than in
those with well or moderately differentiated HCC. It is
possible that poorly differentiated HCC lacks cohesiveness[17] and grows more rapidly, allowing the seeding to be
identified earlier.
It is not clear whether seeding affects prognosis. Shirai
et al[22] and Imamura et al[26] investigated the prognosis of
HCC patients with seeding after RFA. They reported that
the survival rate was not particularly low in patients with
seeding, and that seeding itself did not directly affect survival. The present study also did not find significant differences in the cumulative survival rates of patients with
and without seeding. By the end of the follow-up period,
five patients with seeding had died of intrahepatic HCC
progression and liver failure. No patient died due to the
growth of seeded nodules. Nevertheless, the survival rates
of patients with seeding tended to be lower from the second year onwards. The reasons for the lack of significant
differences in survival rates may be as follows: First, the
number of patients with seeding was very small compared
with the number without seeding. Second, seeded tumours
were treated radically, which may improve outcome[7,38]. It
is therefore impossible to claim that seeding does not affect prognosis, and seeded tumours should be treated with
the aim of achieving local cure. It is essential to recognise
that seeding is difficult to treat successfully. In the present
study, the recurrence rate after local radical treatment of
seeding was 55.6%.
In conclusion, the relatively low rate of tumour seeding after cryoablation for HCC is considered an acceptable clinical risk. Direct puncture of subcapsular tumours
was found to be a risk factor for seeding. Although seeding is sometimes unavoidable, strict attention to detail
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Background

Imaging-guided percutaneous argon-helium cryoablation is widely used in China, and this technique has been found to be safe and effective for the treatment
of hepatocellular carcinoma (HCC). However, details of tumour seeding after
this procedure have not been reported to date, even though seeding is one of
the most important complications.

Research frontiers

This study reports the rate of tumour seeding after percutaneous cryoablation
and analyses the risk factors for seeding in a large cohort of HCC patients who
were treated with cryoablation sessions over an 8-year period.

Innovations and breakthroughs

Seeding occurred in 11 (0.76%) of 1436 patients treated with percutaneous
cryoablation in this study. Only direct puncture of a subcapsular tumour was an
independent risk factor for seeding.

Applications

This study indicates that the risk of seeding after percutaneous cryoablation
for HCC is small and is considered an acceptable clinical risk. This procedure
is minimally invasive and results in a large ablation zone, making it a useful
treatment modality for HCC. However, direct puncture of a subcapsular tumour
should be avoided. The small risk of seeding may be due to the use of an introducer sheath, or to the mechanisms of cryoablation, and further research is
warranted.

Terminology

Percutaneous cryoablation requires the insertion of needle into the liver parenchyma and tumour, which may cause tumour seeding. However, the incidence
of HCC seeding after the procedure is low.

Peer review

The authors analyzed the incidence of HCC tumour seeding after percutaneous
cryoablation. It is very interesting study and has a great scientific value for physicians who take care of patients with this pathology. The study is well designed
and data is convincing.
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Clinical significance of human kallikrein 12 gene expression
in gastric cancer
En-Hao Zhao, Zhi-Yong Shen, Hua Liu, Xin Jin, Hui Cao
to inhibit KLK12 expression in MKN-45 cells. Cell clones
stably transfected with KLK12 siRNA were tested for
KLK12 expression by quantitative real-time reverse
transcription-polymerase chain reaction and Western
blotting. Furthermore, a series of functional assays were
performed in this study to assess the biological features
of transfected cells. Cell proliferation was assessed using the methylthiazolyltetrazoliumassay. Finally, cell
migration and invasion were assessed using transwell
chamber assays.
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RESULTS: Of the 133 GC patients included in the study,
126 (94.7%) showed a higher expression level of KLK12
mRNA when compared to noncancerous tissue specimens. Expression of KLK12 mRNA was significantly
higher in GC tissues than in normal tissue (P < 0.001).
KLK12 protein expression was detected in 96 of 133
(72.2%) GC samples with moderate or strong staining
primarily in the cytoplasm. In contrast, negative immunostaining for KLK12 protein was observed in the corresponding normal gastric mucosal tissue. Overexpression
of KLK12 protein was significantly associated with lymph
node metastasis (P = 0.001), histological type (P < 0.001)
and tumor-node-metastasis stage (P = 0.005), while no
significant correlation was observed between expression
of KLK12 protein and sex, age, depth of invasion, tumor
size or lymphatic invasion. Furthermore, patients with
high KLK12 expression had a significantly poorer 5-year
survival rate than those with low KLK12 expression (P
= 0.002). Expression of KLK12 mRNA was significantly
higher in MKN-45 GC cells compared to normal mucosal cells or two other GC cell lines (P < 0.01). Expression of KLK12 in MKN-45 cells was downregulated after
transfection with siRNA. Knockdown of KLK12 markedly
decreased the proliferation of MKN-45 cells when compared with parent or mock-transfected cells (P = 0.001),
especially from the 3rd to the 5th day of the assay. In
migration assays, fewer KLK12 siRNA cells migrated
through the chambers (22.00 ± 1.81) when compared
to the parent (46.47 ± 2.42) or mock-transfected cells
(45.40 ± 1.99); these differences were statistically sig-

Abstract
AIM: To investigate whether the expression of kallikrein 12 (KLK12) is related to the development of gastric cancer (GC) and to determine the role of KLK12 in
gastric cancer cells growth, invasion and migration.
METHODS: Between September 2007 and March 2008,
133 patients with histologically confirmed GC were recruited for the study. Expression of KLK12 was detected
in samples from GC patients by quantitative real-time
reverse transcription polymerase chain reaction and immunohistochemistry. The relationship between KLK12
protein expression and clinicopathological features of
GC was analyzed. The difference in 5-year survival rates
between the high KLK12 protein expression group and
the low KLK12 expression group was compared. Additionally, the expression of KLK12 was examined in various human GC cell lines, including MKN-28, SGC-7901
and MKN-45. Small interfering RNA (siRNA) was used
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nificant (P < 0.001). However, in the invasion assay, the
number of KLK12 siRNA cells that invaded the chambers
was 18.40 ± 1.12, closely similar to both the parent
(18.67 ± 0.98) and mock-transfected cells (18.53 ± 0.92).
There was no significantly difference between the three
groups in the invasion assay (P = 0.054).

of the KLK family, encoding human kallikrein 12 protein
(hK12). Similar to other kallikreins, KLK12 is an enzyme
with serine protease activity that participates in several
biological processes[17]. Moreover, some researchers have
shown that KLK12 might also play a role in human carcinogenesis[17-19]. However, no information is available
regarding KLK12 expression in human GC.
To explore the vital role of KLK12 in the tumorigenesis and progression of GC, we examined expression patterns of KLK12 in GC tissues, analyzed the relationship
between hK12 expression and clinicopathological factors
of GC. Furthermore, a series of function assays utilizing
small interfering RNA (siRNA)-mediated downregulation
of KLK12 expression were performed.

CONCLUSION: The KLK12 gene is markedly overexpressed in GC tissue, and its expression status may be
a powerful prognostic indicator for patients with GC.
KLK12 might serve as a novel diagnosis and prognosis
biomarker in GC.
© 2012 Baishideng. All rights reserved.

Key words: Gastric cancer; Human kallikrein 12; Immunohistochemistry; Prognosis; Small interfering RNA; Migration; Invasion

MATERIALS AND METHODS
Patients and samples
Prior to operation, no patient had received any type of
treatment. All research examinations were approved by
the Ethics Committee Board of Renji Hospital. Moreover,
participants in this study signed an informed consent form
so that their samples could be used for research purposes
from September 2007 to March 2008. A computerized
database with the medical history of each patient was created for an extensive statistical analysis. Selection criteria
included confirmation of GC diagnosis by histopathology
and the availability of sufficient tumor tissue for RNA
extraction. Tumor stage was defined according to the 7th
edition of International Union Against Cancer tumornode-metastasis classification. All specimens were snapfrozen in liquid nitrogen immediately after surgery, and
then stored at -80 ℃ until analysis.
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INTRODUCTION
Gastric cancer (GC) is the fourth most common malignancy, and the second most common cause of cancer
mortality worldwide[1]. Although morbidity and mortality rates for GC are steadily decreasing steadily in many
countries, the overall outcomes for patients with GC have
not changed significantly in recent decades[2]. Additionally,
none of the potential biomarkers proposed throughout
the years for GC have presented the desired properties
to be incorporated into routine clinical practice. The human tissue kallikrein (KLK) genes are a newly identified
subgroup of putative serine proteases, consisting of 15
genes located within approximately 256 kb on chromosome 19q13.3-4[3-5]. Due to their protease activity and
expression in many tissues and cell types, KLKs have
been implicated in a wide range of physiological processes and the pathogenesis of human diseases[6,7]. Over
the last several decades, a steadily increasing number of
studies have suggested that human KLKs are involved
in human carcinogenesis and that several KLKs may be
promising biomarkers of prostate, ovarian, testicular, and
breast cancers[8-10]. The most notable kallikrein protein
biomarker is KLK3, also known as prostate specific antigen (PSA)[11]. PSA is currently the only biochemical test
for prostate cancer, although the specificity of the test is
not optimal[12]. Recently, a considerable amount of work
has focused on identifying novel KLK-derived molecular
markers of GC[13-16]. The human KLK12 gene is a member
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Cell lines and cell culture
The human GC cell lines MKN-28, SGC-7901 and MKN-45
and the normal gastric mucosal cell line GES-1 were
obtained from Shanghai Institute of Digestive Disease
(Shanghai, China). Cell lines were cultured in Dulbecco’s
modified Eagle’s medium (Gibco, United States) with 10%
fetal bovine serum (FBS, Gibco, United States).
Total RNA extraction and cDNA synthesis
Total RNA was extracted from the human tissues and GC
cells using TRIzol Reagent (Invitrogen, United States) according to the manufacturer’s instructions. The RNA concentration and purity were determined using the absorbance ratio at 260/280 acquired by a spectrophotometer.
cDNA synthesis from 4 μg of total RNA was performed
with a reverse transcription system kit (Promega, United
States) according to the manufacturer’s protocol. Briefly,
samples were preincubated at 70 ℃ for 10 min, cooled
on ice, then added to a reaction mixture consisting of 3
μL dNTP mixture, 2 μL M-MLV reverse transcriptase,
10 μL reverse transcription 5 × buffer, 1 μL Rnasin and 2
μL oligo-(dT)15 primer in a final volume of 20 μL. The
reaction mixture was sequentially incubated at 95 ℃ for
15 min, 99 ℃ for 15 s and 62 ℃ for 40 s. The cDNA was
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stored at -20 ℃ before use.

protein concentrations of the samples were determined
by the bicinchoninic acid protein assay. Proteins were
separated in 10% sodium dodecyl sulphate polyacrylamide
gels, electrophoretically transferred to polyvinylidenedifluoride membranes and incubated in a blocking solution
of 5% skim milk powder for 1 h at room temperature.
Membranes were then incubated with polyclonal sheep
anti-human KLK12 antibody (1:500, AF3095, R and D
Systems, United States) and anti-β-actin antibody (1:1000,
sc-47778, Santa Cruz, United States) overnight at 4 ℃.
The membranes were washed 3 times in tris-buffered
saline tween-20 (TBST) and incubated for 1 h at room
temperature with a 1:1000 dilution of secondary antibody
conjugated to horseradish peroxidase (Invitrogen, United
States). After incubation with a secondary antibody, the
membranes were washed in TBST and developed using
electrochemiluminescence according to the manufacturer’
s instructions.

Quantitative real-time reverse transcription polymerase
chain reaction assay
Quantitative real-time reverse transcription polymerase chain
reaction (RT-PCR) was carried out in 96-well polypropylene
microplates on an ABI Prism 7500 sequence detection PCR
system (Applied Biosystems, United States) with the following primers: KLK12: 5’-GCCTCAACCTCTCCATCGTC-3’ (forward) and 5’-CTTGAAGGACTCCCCCACAC-3’ (reverse); β-actin: 5’-CATGTACGTTGCTATCCAGGC-3’(forward) and 5’-CTCCTTAATGTCACGCACGAT-3’ (reverse). The 20 μL PCR reaction consisted
of (2×) SYBR® Premix Ex TagTM (Takara, Japan), 2 μL
cDNA and 0.4 μL of each gene-specific primer. The
thermal cycling protocol included an initial denaturation
step at 95 ℃ for 30 s followed by 45 cycles at 95 ℃ for 5
s for denaturation and 62 ℃ for 40 s for primer annealing
and extension. After the last cycle, a melting curve analysis
was performed. All PCR reactions were run in triplicate.
KLK12 mRNA expression was calculated from the standard curve, and quantitative normalization in each sample
was performed using β-actin gene expression as an internal control. Relative quantification was performed using
the 2-∆∆Ct method.

In vitro cell proliferation assay
Cell proliferation was evaluated using the methylthiazolyltetrazolium (MTT) assay. Cells were grown in a monolayer culture and plated at a density of 4 × 103cells/well
into separate wells of a 96-well culture plate. The cells
were incubated with MTT after 1, 2, 3, 4 or 5 d. Absorbance was measured at 570 nm using a microplate reader
(SpectraMax 250, Molecular devices, United States). The
experiments were performed in triplicate.

Immunohistochemistry analysis
Immunohistochemistry (IHC) studies of hK12 were performed on surgical specimens from patients with GC
using the avidin-biotin-peroxidase method (KIT-9702,
Maixin Bio, China) on formalin-fixed, paraffin-embedded tissue specimens. All sections were incubated with
polyclonal sheep anti-human KLK12 antibody (AF3095,
R and D Systems, United States) at a dilution of 1:50.
Slides were counterstained with hematoxylin. All sections
were evaluated independently and blinded to outcome
data by a pathologist three times. A cutoff of more than
30% of the tumor cells with moderate or strong KLK12
cytoplasmic staining in a gastric tumor section was considered to be positive.

In vitro migration and invasion assays
The motility and invasiveness of plasmid-transfected cells
were evaluated in 24-well transwell chambers with upper
and lower culture compartments separated by polycarbonate membranes with 8-μm pores (CytoSelectTM 24 Well
Cell Migration and Invasion Assay Combo Kit, 8-μm,
CBA100-C, Cell Biolab, United States). Prior to plating
cells into the transwells, the 24-well migration plate was
allowed to warm up to room temperature for 10 min. A
cell suspension containing 1.0 × 106 cells/mL in serumfree media was plated into the top chamber. Five hundred
microliters of media containing 10% FBS was placed into
the bottom chamber to act as a chemoattractant. Then,
300 μL of the cell suspension solution was added to the
inside of each insert and incubated 24 h in a cell culture
incubator. The cells that migrated through the 8- μm
pores and adhered to the lower surface of the membrane
were transferred to a clean well containing 400 μL of
0.09% crystal violet as a cell staining solution and washed
several times in a beaker with water. The migratory cells
were counted using light microscopy under high magnification, with 5 individual fields per insert. In a similar
fashion, the invasiveness of plasmid-transfected cells was
also evaluated using this kit (Invasion Chamber Plate, Cell
Biolab, United States). Cells, media, experimental conditions, and the analysis performed were similar to those
for the migration assays. Triplicate assays were performed
for each group of cells in both the migration and invasion assays.

siRNA transfection
The expression vector pBSKH1 (SIBS, China) was used
for expression of siRNA. The siRNA designed to target
the KLK12 gene (sense strand: 5’-AAACAGUGACAGCCACGUATT-3’, anti-sense strand: 5’-UACGUGGCUG
UCACUGUUUGG-3’) was inserted into the pBSKH1
vector according to the manufacturer’s instructions, and
then, the vector was transfected into the GC cells by the
Lipofectamine TM 2000 (Invitrogen, United States). A
mock vector-transfected clone of the cell line was used
as a control. Stably transfected cell clones were tested for
KLK12 expression by quantitative real-time RT-PCR and
Western blotting.
Western blotting analysis
Cells were harvested 72 h after transfection, and wholecell lysates were prepared for protein extraction. The
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Table 1 Relationship between human kallikrein 12 protein expression and clinicopathological features in 133 patients with
gastric cancer

b

KLK12 mRNA expression

P < 0.01

4
Feature

Sex
Male
83
Female
50
Age (yr)
69
≥ 61
< 61
64
Depth of invasion (T)
T1 + T2
21
T3 + T4
112
Tumor size (cm)
77
≥5
<5
56
Lymph node metastasis
Positive
95
Negative
38
Lymphatic invasion
Absent
47
Present
86
Histological type
Undifferentiated
94
Differentiated
39
Stage
44
Ⅰ+ Ⅱ
89
Ⅲ+Ⅳ

2

0

Tumor (n = 133)

Normal (n = 133)

Figure 1 Upregulation of kallikrein 12 mRNA expression in gastric cancer.
Quantitative real-time reverse transcription polymerase chain reaction showed
that the mean expression value of kallikrein 12 (KLK12) mRNA in cancer tissues was significantly higher than the value in relevant normal tissues. Data are
shown as mean ± SD, using the Student’s t test (bP < 0.01 between tumor and
normal group, horizontal bars represent medians).

Statistical analysis
Statistical analysis were performed using SPSS 11.0 software (Shanghai Jiaotong University, China). The data are
expressed as the mean ± SD. The Student’s t test and
one-way analysis of variance test were used to compare
data between the different groups. The χ 2 test was used
to assess the relationship between hK12 expression
levels and clinicopathological characteristics of GC. Survival curves were drawn according to the Kaplan-Meier
method, and the log-rank test was applied to compare
the survival curves. Differences were considered significant at the P < 0.05 level.

hK12 expression
High (n = 96) Low (n = 37)

P value1

59
37

24
13

0.716

47
49

22
15

0.277

14
82

7
30

0.539

59
37

18
19

0.180

76
20

19
18

0.001

33
63

14
23

0.708

77
19

17
20

< 0.001

25
71

19
18

0.005

1

P value was determined by the χ 2 test. hK12: Human kallikrein 12 protein.

Clinicopathological significance of hK12 expression in GC
The clinicopathological factors analyzed in relation to hK12
expression in tumor tissues are shown in Table 1. The incidence of lymph node metastasis was significantly higher
(P = 0.001) in the high-expression group (76 of 95, 80.0%)
than in the low-expression group (20 of 38, 52.6%). The
histological type and pathological stage also correlated with
the groups. However, no significant difference was observed
with regard to sex, age, depth of invasion, tumor size or
lymphatic invasion. The 5-year actuarial overall survival
rates in patients with high hK12 levels and patients with low
hK12 levels were 62.2% and 31.3%, respectively (Figure 3).
The difference in survival rates between these two groups
was statistically significant (P = 0.002).

RESULTS
KLK12 mRNA level is upregulated in GC patients
There were 133 GC patients included in the study. The
age of the patients ranged from 18 to 87 years (median 61 years). Overall, 126 of the 133 patients (94.7%)
showed a higher expression level of KLK12 mRNA in
GC tissue specimens compared to noncancerous tissue specimens. The mean expression value of KLK12
mRNA in cancer tissues was significantly higher than the
value in relevant normal tissues (2.75 ± 0.78 vs 1.10 ±
0.56, P < 0.001, Figure 1).

Expression of KLK12 mRNA in GC cell lines
Furthermore, three well-characterized GC cell lines, MKN-28,
SGC-7901 and MKN-45, and the normal gastric mucosal
cell line GES-1 were chosen to examine KLK12 mRNA
expression due to their diverse differentiation features.
MKN-45 cells expressed the highest level of KLK12
across the four cell lines (Figure 4). Therefore, MKN-45
cells were chosen to do a series of functional experiments
involving knockdown of KLK12 expression.

Immunostaining demonstrates hK12 overexpression in
GC tissues
To further validate the expression and localization of hK12
in surgical specimens, IHC was performed on paraffinfixed GC tissues and matched noncancerous mucosa of
133 patients. Dark-brown immunostaining was most prevalent in cancer cells, whereas the staining levels were lower
in stromal cells or fibroblasts of GC tissues. hK12 expression was detected in 72.2% (96/133) GC samples with
moderate or strong staining (Figure 2A), primarily located
in the cytoplasm (Figure 2A and B). In contrast, negative
immunostaining for hK12 was observed in normal gastric
mucosal sections (Figure 2C and D).
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KLK12 siRNA-transfected GC cell line stably suppresses
both KLK12 mRNA and hK12
As shown in Figure 5A, MKN-45 cells transfected with
siRNA targeting KLK12 showed a remarkable decrease
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A

B

60 μm

60 μm

C

D

120 μm

60 μm

4
KLK12 mRNA expression

1.0

Low expression (n = 37)

0.8
Overall survival rate

Figure 2 Expression of
human kallikrein 12 protein
in gastric cancer and noncancerous mucosal tissues
detected by immunohistochemistry. A: Strong positive
human kallikrein 12 protein
(hK12) immunostaining in
gastric cancer (GC) tissues,
hK12 staining was observed in
the cytoplasm of cancer cells;
B: Weak positive hK12 immunostaining in GC tissues; C:
Negative hK12 immunostaining in relevant normal tissues;
D: Negative hK12 immunostaining in GC tissues (original
magnification A, B, D ×200, C
×100).

0.6

0.4

b

3

2

1

High expression (n = 96)
0
GES-1

0.2

P = 0.002

10

20
30
40
Months after operation (mo)

50

60

Figure 3 Overall survival of patients with gastric cancer according to human kallikrein 12 protein expression in the cancer tissues. Patients in the
high human kallikrein 12 protein (hK12) expression group had a significantly
poorer prognosis than those in the low hK12 expression group. Survival curves
are drawn according to the Kaplan-Meier method, using the log-rank test to
compare the survival rates (P = 0.002).

MKN-45

Knockdown of KLK12 affects the proliferative ability of
MKN-45 GC cells
We analyzed whether suppressing the KLK12 expression would alter the growth rate of MKN-45 GC cells.
As shown in Figure 6, transfection with KLK12 siRNA
remarkably decreased the proliferative ability of MKN-45
cells when compared with the parent and mock-transfected cells (P = 0.001), especially from the 3rd to 5th days
of the assay.

in the level of KLK12 mRNA compared to mock-transfected or parent MKN-45 cells, as determined by quantitative real-time RT-PCR. Furthermore, we performed
Western blotting analysis to verify the efficiency of the
KLK12 siRNA. The stable KLK12-suppressed clone
was confirmed to express markedly lower levels (about
one fourth) of hK12 than the MKN-45 parental cells
(Figure 5B), confirming that KLK12 siRNA decreased
KLK12 expression, consistent with the quantitative realtime RT-PCR results.
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SGC-7901

Figure 4 Expression of kallikrein 12 mRNA in gastric cancer cell lines and
normal gastric mucosal cell line. Gastric cancer cell lines show higher levels
of kallikrein 12 (KLK12) mRNA expression than normal gastric mucosal cell line,
while MKN-45 cells expressed the highest level of KLK12 across the four cell
lines. Data are shown as mean ± SD, using the one-way analysis of variance
test (bP < 0.01 vs other cell lines).

0.0
0

MKN-28

Knockdown of KLK12 affects the migratory ability of
MKN-45 GC cells
We evaluated whether suppression of KLK12 expression
could alter the ability of in vitro migration and invasion
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0.5

b

siRNA

1.5
1.0
0.5
0.0

0.0
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Mock

0

siRNA

B

β-actin

Mock

siRNA

3
4
Culture time (d)

5

6

tion to analyze KLK12 expression in GC. We performed
quantitative real time RT-PCR, IHC and a series of functional assays utilizing siRNA-mediated downregulation
of KLK12 expression to determine the role and explore
the mechanism of KLK12 in GC. Our results showed a
drastic difference in KLK12 expression between GC and
normal mucosal tissues. Substantially elevated expression
of the KLK6 gene has been observed in clinical tissue
samples and several GC cell lines[13], while other authors
have reported that cancerous stomach tissues were found
to present significantly decreased levels of KLK11 and
KLK13 mRNA transcripts in comparison with their normal counterparts[15,16]. Moreover, our study showed that
high hK12 expression was significantly correlated with the
lymph node metastasis (P = 0.001), histological type (P
< 0.001) and pathological stage (P = 0.005) of GC. High
expression of hK12 was also associated with a poor prognosis for patients with GC. These findings suggest that
enhanced expression of KLK12 might play an important
role in various pathological processes of GC. MKN-45,
a poorly differentiated GC cell line, was chosen for functional experiments because KLK12 mRNA expression
was higher in MKN-45 cells compared to other cell lines.
Additionally, hK12 expression was significantly higher in
undifferentiated GC. In our experiments, we established
clones with suppressed KLK12 expression by gene silencing using RNA interference (RNAi) techniques. RNAi is
mediated by siRNAs that are produced from long double
stranded RNAs of exogenous or endogenous origin by an
endonuclease of the RNase-Ⅲ type called Dicer[23]; this
technique has emerged as a powerful tool for understanding gene functioning. As quantitative real-time RT-PCR
and Western blotting revealed, KLK12 siRNA remarkably reduced KLK12 expression of MKN-45 cells. MTT
proliferation assays showed with KLK12 siRNA dramatically decreased the proliferation of MKN-45 cells when
compared with MKN-45 parent and mock-transfected
cells. The differences were significant, especially from the
3rd day to the 5th day after transfection, which is in accor-

Figure 5 Efficiency of small interfering RNA in silencing the kallikrein 12
mRNA, and protein expression in MKN-45 cells. A: MKN-45 cells transfected
with small interfering RNA targeting human kallikrein 12 (KLK12) gene showed
a remarkable decrease in the level of KLK12 mRNA compared to mock-transfected or parent MKN-45 cells. Data are shown as mean ± SD, using the oneway analysis of variance test (bP < 0.01 vs other cell lines); B: Western blotting
analysis showed a reduced protein expression in KLK12 small interfering RNA
(siRNA) transfected cells. The protein levels are measured by Image J software
(National Institutes of Health, United States) with β-actin protein normalization.

of MKN-45 cells. As shown in Figure 7, fewer KLK12
siRNA-transfected cells migrated through the chambers
(22.00 ± 1.81) when compared to the parent (46.47 ± 2.42)
or mock-transfected (45.40 ± 1.99); these differences were
statistically significant (P < 0.001, Figure 7A and B). However, in the invasion test, the number of KLK12 siRNAtransfected cells that invaded the chambers in 18.40 ±
1.12, closely similar to both the parent (18.67 ± 0.98) and
mock-transfected cells (18.53 ± 0.92). There was no significant difference between the three groups in the invasion assay (P = 0.054).

DISCUSSION
The KLK12 gene is a new member of the KLK gene family, some members of which are implicated in the initiation and progression of cancer[20-22]. KLK12 is encoded
by 5 coding exons, and is structurally similar to serine
proteases and other known KLKs. KLK12 is expressed in
a variety of tissues including the salivary gland, stomach,
uterus, lung, thymus, prostate, colon, brain, breast, thyroid, and trachea. Initially, it was reported that expression
of KLK12 is downregulated at the mRNA level in breast
cancer tissues and is upregulated by steroid hormones
in breast and prostate cancer cell lines[17]. Memari et al[19]
demonstrated that more than 95% of prostate cancers
were KLK12 positive in a tissue microarray study. To the
best of our knowledge, this study is the first investiga-
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2

Figure 6 Reduction of cell proliferation by methylthiazolyltetrazolium
assay after silencing the kallikrein 12. The proliferative ability significantly
decreased in MKN-45 cells after transfection with kallikrein 12 small interfering
RNA (siRNA), especially from the 3rd to 5th days of the assay. Data are shown
as mean ± SD, using the one-way analysis of variance test (P = 0.001). MTT:
Methylthiazolyltetrazolium.
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MKN-45 parent

1
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Figure 7 Effect of cell migration by kallikrein 12 knockdown. A: 24-well transwell chambers with upper and lower culture compartments separated by polycarbonate membranes with 8-μm pores were used for migration or invasion assay. The chambers were stained by 0.09% crystal violet and cells were counted using light
microscopy under high magnification (magnification ×10); B: The migration or invasion cells were counted in 5 individual fields per insert. Values were the number of
cells. Data are shown as mean ± SD, using the one-way analysis of variance test (aP < 0.05 vs other cell lines).

dance with the Western blotting data showing knockdown
of KLK12 expression was greatest 72 h after transfection. Metastasis and local recurrence are known to be
the primary causes of death after radical surgery of GC
patients. Tumor metastasis is a complicated process and
involves many steps including migration of cancer cells
to, and invasion through, the basement membrane[24]. In
our experiments, significantly fewer KLK12-suppressed
cells migrated across polycarbonate membranes when compared to MKN-45 parent and mock-transfected cells
(P < 0.001). The invasiveness of all three cell lines was
comparable, and the KLK12-suppressed cells displayed
no difference in the invasion assay compared to parent
or mock-transfected cells. Other KLKs have been shown
to degrade components of the extracellular matrix. Magklara et al[25] reported that hK6 can degrade fibrinogen and
collagen typeⅠ, basic constituents of the extracellular
matrix, as well as collagen type Ⅳ, a major component
of the basement membrane in vitro. The lysis of certain
components of the extracellular matrix is linked with an
altered regulation of tumor metastasis. However, Memari
et al[26] reported that KLK12 is secreted as an inactive proenzyme, which is able to autoactivate to gain enzymatic
activity. However, active KLK12 quickly loses its activity
due to autodegradation, and its activity can also be rapidly
inhibited by zinc ions and by alpha2-antiplasmin through
covalent complex formation. According to these results,
it is reasonable to conclude that the increased KLK12 expression may not play an important role in metastasis. In
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conclusion, we present an early report that KLK12 was
remarkably overexpressed in GC tissues and that high
KLK12 expression levels were associated with the lymph
node metastasis, histological type, pathological stage and
poor patient prognosis. Our findings also demonstrate
that knockdown of KLK12 expression leads to reduced
proliferation and migratory ability with little effect on
invasiveness in MKN-45 GC cells. Consequently, KLK12
might serve as a novel diagnostic and prognostic biomarker, as well as a potential therapeutic target, in GC.
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Hepatoprotective effects of baicalein against CCl4-induced
acute liver injury in mice
Hai-Li Huang, Ya-Jing Wang, Qing-Yu Zhang, Bin Liu, Fang-Yuan Wang, Jing-Jing Li, Run-Zhi Zhu
baicalein in promoting hepatocyte proliferation. Serum
interleukin (IL)-6, IL-1β and tumor necrosis factor-α
(TNF-α) levels were measured by enzyme-linked immunosorbent assay and liver IL-6 , TNF-α , transforming
growth factor-α (TGF-α ), hepatocyte growth factor
(HGF ) and epidermal growth factor (EGF ) genes expression were determined by quantitative real-time
polymerase chain reaction.
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RESULTS: CCl4-induced acute liver failure model offers
a survival benefit in baicalein-treated mice. The data
indicated that the mRNA levels of IL-6 and TNF-α significantly increased within 12 h after CCl4 treatment in
baicalein administration groups, but at 24, 48 and 72
h, the expression of IL-6 and TNF-α was kept at lower
levels compared with the control. The expression of
TGF-α, HGF and EGF was enhanced dramatically in
baicalein administration group at 12, 24, 48 and 72 h.
Furthermore, we found that baicalein significantly elevated the serum level of TNF-α and IL-6 at the early
phase, which indicated that baicalein could facilitate
the initiating events in liver regeneration.
CONCLUSION: Baicalein may be a therapeutic candidate for acute liver injury. Baicalein accelerates liver
regeneration by regulating TNF-α and IL-6 mediated
pathways.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Baicalein; Carbon tetrachloride; Liver injury;
Liver regeneration; Hepatocyte proliferation

AIM: To investigate the hepatoprotective effect of baicalein against carbon tetrachloride (CCl4)-induced liver
damage in mice.

Peer reviewer: Toshihiro Mitaka, MD, PhD, Professor, De-

partment of Pathophysiology, Cancer Research Institute, Sapporo Medical University School of Medicine, South-1, West-17,
Chuo-ku, Sapporo 608556, Japan

METHODS: Mice were orally administered with baicalein after CCl4 injection, and therapeutic baicalein
was given twice a day for 4 d. The anti-inflammation
effects of baicalein were assessed directly by hepatic
histology and serum alanine aminotranferease and aspartate aminotransferase measurement. Proliferating
cell nuclear antigen was used to evaluate the effect of
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MATERIALS AND METHODS
Animals and chemicals
Specific pathogen-free male C57 BL/6 mice (8 wk old)
were obtained from Shanghai Slac Laboratory Animal
Corporation. The mice were maintained in a conventional
clean facility in accordance with the National Animal Care
and Use Committee. CCl4 and baicalein were purchased
from Sigma-Aldrich Biotechnology (St Louis, MO, United
States). Assays kits for the detection of serum alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) were purchased from Jiancheng Biological Technology, Inc. (Nanjing, China). Mouse monoclonal antibody
against proliferating cell nuclear antigen (PCNA) and the
SABC Staining Kit were from Boster Biological Technology (Wuhan, China). Serum levels of interleukin (IL)-1β,
IL-6 and tumor necrosis factor-α (TNF-α) were measured
by enzyme-linked immunosorbent assay (ELISA) kits for
IL-1β, IL-6 and TNF-α from R and D system (Minneapolis, MN, United States). All other chemicals were of
the highest grade commercially available.

INTRODUCTION
Liver is an important organ which plays a central role in
metabolic homeostasis[1]. It also has an amazing regenerative capability after liver mass loss, as demonstrated
by Higgins et al[2] in 1931. Carbon tetrachloride (CCl4)induced hepatic injury is a very classic model widely used
for hepatoprotective drug screening[3,4]. The acute hepatotoxicity of CCl4 lies in its biotransformation to trichloromethyl free radical (CCl3) or trichloroperoxyl radical
(CCl3O2-) produced by the mixed-function cytochrome
P450 oxygenase system of the endoplasmic reticulum,
which causes oxidative stress and membrane damage[5].
These free radicals cause lipid peroxidation which results
in hepatocellular damage and enhances formation of inflamed tissues. The advantage of this model is that CCl4
can fulminate hepatitis within a few hours, which specifically leads to necrosis and fatty liver, in a similar way as
what happens in the cases of acute hepatitis. Meanwhile,
following an inflammatory response launched by resident
inflammatory cells, CCl4-induced acute liver injury also
involves an intricately regulated process of hepatocyte
regeneration when the dosage of CCl4 is below lethal
level which would lead to irreversible liver damage[6,7].
Baicalein (5, 6, 7-trihydroxyflavone, BAE, C15H10O5)
is a flavonoid extract from the root of Scutellaria baicalensis
Georgi, a plant used in traditional Chinese medicine. Previous studies reported that baicalein has multiple functions.
It acts as an anti-bacteria and anti-inflammation agent,
inhibits the aggregation of blood platelets, decreases the
production of endotoxin, and alleviates the reperfusion
injury in ischemic tissues[8,9]. Baicalein was indicated to
suppress the growth of human hepatoblastoma cells[10,11],
human breast cancer cells[12,13], human lung fibroblasts and
peripheral lymphocytes[14] and human leukemia HL-60
cells[15]. Baicalein has beneficial effects against the cytotoxicity and genotoxicity to hepatocytes by tert-butylhydroperoxide via quench free radicals. Moreover, baicalein
could protect animals from D-galactosamine/lipopolysaccharides induced acute liver failure in murine models, and
especially reduce apoptosis (even hepatic necrosis) via cellular FLICE-like inhibitory protein and mitogen-activated
protein kinase pathway[16,17]. However, the antihepatotoxic
mechanism of baicalein remains vague so far. The aforementioned investigations for liver diseases on the role of
baicalein in selectively inducing apoptosis of cancer cells
and inhibiting normal hepatocyte apoptosis, prompted us
to study whether baicalein would increase the secretion of
various inflammatory cytokines and facilitate regeneration
of liver cells. The aim of this study is to assess whether
baicalein could prevent acute liver injury induced by CCl4
in mice and to investigate the possible mechanism of its
protective role.
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Induction of liver injury and baicalein administration
Acute liver injury in mice was induced by intraperitoneal
injection of CCl4 at a dose of 1 mL/kg body weight (1:3
diluted in corn oil). A lethal dose was administered by intraperitoneal injection of CCl4 at 2.6 mL/kg (1:1 diluted
in corn oil). At the indicated time points, serum and liver
specimens were collected. Mice were orally administered
with baicalein (80 mg/kg) dissolved in CMC-Na to 200
mg/L 1 h after CCl4 injection, and the same dose of
baicalein was given twice a day for 4 d, and control mice
were treated with same dosage CMC-Na.
Serum AST and ALT
Serum AST and ALT levels were determined with a
commercial assay kit (Nanjing Jiancheng Biological Technology, Inc., China). Enzyme activities were presented in
international unit per liter (IU/L).
Histology-injury grading
Formalin-fixed, paraffin-embedded liver sections were
stained with hematoxylin-eosin for the histological studies. To evaluate the degree of necrosis after acute liver
injury, we created an injury grading score (Grades Ⅰ-Ⅳ)
based on severity of necrotic lesions in the liver parenchyma (Table 1).
Proliferating cell nuclear antigen staining
For PCNA immunohistochemical staining, de-paraffinized
sections of liver blocks were used. Liver tissues were fixed
for 24 h in neutral buffered formalin, processed routinely
and embedded in wax. Immunohistochemical staining was
performed as previously described[18]. The sectioned liver
tissues were stained using a mouse monoclonal antibody
against PCNA and the SABC Staining Kit (Wuhan Boster
Biological Technology, Wuhan, China) according to the
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Table 1 Liver injury grading system
No. of mice
Baicalein
1
2
3
4
5
6
Control
1
2
3
4
5
6

1

1

Table 2 Primer sequences used for real-time quantitative
polymerase chain reaction
1

1

Day 2

Day 3

Day 5

Day 7

Ⅲ
Ⅲ-Ⅳ
Ⅲ
Ⅲ
Ⅲ-Ⅳ
Ⅲ

Ⅰ
Ⅱ
Ⅰ
Ⅱ
Ⅰ
Ⅰ

Ⅰ
0
0
0
Ⅰ
0

0
0
0
0
0
0

Ⅳ
Ⅲ-Ⅳ
Ⅲ-Ⅳ
Ⅳ
Ⅳ
Ⅳ

Ⅱ-Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅲ

I-Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅰ

0
Ⅰ
Ⅱ
0
Ⅰ
Ⅰ

Gene

Sense

IL-6

Anti-sense

CCACTCCCAACAGACCTGTCTATAC
TNF-α AAGCCTGTAGCCCACGTCGT
HGF GTGCTGGGCATTACTATGATGG
TGF-α GGCGGCTGCAGTGGTGTCTC
EGF
CGGACAGCTACACGGAATG

CACAACTCTTTTCTCATTTCCACGA
CGTAGTCGGGGCAGCCTTGTC
CTGCATCTCCCTCTCACACG

AGCCACCACAGCCAGGAGGTHGF
CGAGGCAGACACAAATAACCC
β -actin AGCCTTCCTTCTTGGGTATG GTGTTGGCATAGAGGTCTTTAC
TNF-α: Tumor necrosis factor-α; IL: Interleukin; TGF-α: Transforming
growth factor-α; HGF: Hepatocyte growth factor; EGF: Epidermal growth
factor.

1

Days after CCl4 treatment at the sacrifice point. Injury grading with respect to severity of necrosis in liver parenchyma. Grade 0: Normal histology; GradeⅠ: Presence of degenerated hepatocytes with only rare foci of
necrosis; Grade Ⅱ: Mild centrilobular necrosis around the central vein, occupying only a part of Rappaport’s zone Ⅲ; Grade Ⅲ: Established necrosis
limited to zone Ⅲ; Grade Ⅳ: Extensive, confluent centrilobular necrosis
involving Rappaport’s zone Ⅲ and Ⅱ.

Survival functions

1.0

Group
Baicalein
Control
1-censored
2-censored

0.8

Cum survival

manufacturer’s protocol, then subjected to photomicroscopic observation (NIS-Elements Basic Research, Nikon
Eclipse 50i, Kanagawa, Japan).
ELISA
Serum IL-1β, IL-6 and TNF-α levels were measured by
ELISA kit (RD system, Minneapolis, MN, United States)
according to the manufacturer’s instructions. Cell lysates
were generated by adding 1 mL fresh medium to 100 mg
liver specimen or 1 × 107 cells followed by three freezethaw cycles. Transforming growth factor-α (TGF-α), hepatocyte growth factor (HGF) and epidermal growth factor (EGF) and ELISA kits were used to determine protein
concentrations[19,20]. ELISA was performed in triplicate for
each sample of lysate.

0.4

0.2

0.0
0

20

40
60
Time (h)

80

100

Figure 1 Baicalein increased probability of survival after a lethal dose of
carbon tetrachloride (2.6 mL/kg). Mice (n = 15) were administered with or
without baicalein twice a day for 5 d. Survivals were scored twice a day, and
the results were analyzed using the log-rank test and expressed as the KaplanMeier survival curves. P = 0.009 between control and baicalein groups.

Real-time quantitative polymerase chain reaction
Total RNA was obtained from the liver of mice and was
prepared using TRIzol reagent (Invitrogen, Carlsbad,
CA, United States). The quantification and qualification
of RNA were performed using ultraviolet absorbance
assay and electrophoresis in 1.2% agarose. RNA quality was satisfactory for the 28s rRNA band on gel and
had twice the intensity of the 18s rRNA band without
significant smearing of rRNA. Real-time quantitative
polymerase chain reactions (PCRs) were performed with
the MJ chromo 4 reverse transcription-PCR detection
system (Bio-Rad Laboratories, Hercules, CA, United
States). Specific primers were designed using Primer 5.0
software (Premier Biosoft International, Palo Alto, CA,
United States) and their sequences are listed in Table 2.
As an internal control, the expression of the housekeeping gene β -actin was measured and remained constant at
all the experimental conditions studied.
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0.6

Statistical analysis
Student’s t test (unpaired, two-tailed) was used for comparisons between data from specified different conditions. Results from survival experiments were analyzed
using the log-rank test and presented as Kaplan-Meier
survival curves.

RESULTS
Baicalein reduces mortality after a lethal dose
performance
In a previous experiment to observe the dosage-dependent effect of CCl4, we found that 2.6 mL/kg CCl4 was a
median lethal dose (a mortality of 50%, data not shown)
within 24 h. Oral baicalein administration offers a survival
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Figure 2 Baicalein protects liver against carbon tetrachloride induced acute liver injury. A: Serum alanine aminotransferase (ALT); B: Serum aspartate aminotransferase (AST); C: Hematoxylin and eosin (HE) stained liver sections of control group 3 d after carbon tetrachloride (CCl4) treatment; D: HE stained liver sections of
baicalein group 3 d after CCl4 treatment; E: Percent of necrotic areas in control group and baicalein group 2 and 3 d after CCl4 treatment. Mice received intraperitoneal
CCl4 at the dosage of 1 mL/kg body weight (1:3 diluted in corn oil). Mice in baicalein group were orally administered baicalein (80 mg/kg) 1 h after CCl4 injection, twice
a day for 4 d (original magnification, ×100). Necrosis with clusters of inflammatory cells around central vein was seen in control group; and histological recovery with
only inconspicuous necrosis remaining around central vein, and very few inflammatory cells were present in the baicalein group. Control mice were treated with an
equal volume of CMC-Na. Values represent mean ± SE (n = 6). P < 0.05, P < 0.01 between control and baicalein groups.

benefit for mice, increasing the probability of survival significantly one d after CCl4 injection (P = 0.009, Figure 1).

of accelerating hepatocyte proliferation from an early
phase, we investigated the proliferation of hepatocytes
using immunostaining of PCNA in sections of liver tissue at days 2 and 3. The PCNA staining confirmed that
baicalein administration increased the number of positive
staining cells more significantly at day 2 compared with
the control group (Figure 3A and B). A great number of
PCNA+ hepatocytes could be detected in the liver sections of baicalein-treated mice at day 3 (Figure 3C and D),
which demonstrated that baicalein significantly increased
the number of PCNA+ cells. Numbers of PCNA+ cells
in at least 12 mm2 tissue sections were counted for each
mouse, and data showed that bacailein could accelerate
hepatocyte proliferation (Figure 3E).

Baicalein protects mice from acute hepatocellular
damage
To confirm the effect of bacailein in protecting mice from
hepatic damage, we used serum ALT and AST levels as
indicators for liver injury. In the control group, the serum
level of ALT and AST rapidly reached the peak level at
day 1, and decreased thereafter, while baicalein significantly inhibited the elevated ALT and AST from day 1 to
day 5 (n = 6) (Figure 2A and B). The attenuated increase
of serum AST and ALT indicated that bacailein plays a
direct protective role in hepatocytes. To evaluate the effect
of baicalein on hepatocellular necrosis and inflammation,
histological changes in the liver after CCl4 administration
with or without baicalein treatment were examined by
histology-injury grading (Table 1). Liver sections from the
baicalein-treated mice demonstrated only moderate necrosis involving the centrilobular areas, maintaining a rather
normal architecture. The necrotic areas were significantly
diminished around the central vein and centrilobular
regions in bacailein-treated mice at day 3 (Figure 2C-E).
These findings indicated that bacailein has potential antihepatotoxic activity.

Serum levels of IL-1β , IL-6 and TNF-α
To evaluate the hepatoprotective mechanism of baicalein, serum IL-1β, TNF-α and IL-6 levels were determined by ELISA kit. Serum IL-1β was found to be elevated after CCl4 treatment[21], whereas baicalein administration resulted in significant attenuation of the elevation
(Figure 4A). CCl4-induced acute liver injury could activate hepatic non-parenchymal cells (including Kupffer
cells and stellate cells) and increase the production of
TNF-α and IL-6[22]. In our study, we found that serum
TNF-α and IL-6 were rapidly increased and reached the
peak level within 12 h in baicalein administration group
as compared with the control group, and then decreased
within 24 h (Figure 4B and C).

Baicalein promotes hepatocyte proliferation from an
early phase
To confirm whether baicalein has the potent advantage
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Figure 3 Proliferation status of carbon tetrachloride induced mice after
treated with or without baicalein. A,
B: Immunostaining of proliferating cell
nuclear antigen (PCNA) in liver sections from control (A) and baicalein (B)
groups 2 d after carbon tetrachloride
(CCl4) treatment; C, D: Immunostaining
of PCNA in liver sections from control
(C) and baicalein (D) groups 3 d after
CCl4 treatment; E: Numbers of PCNA+
cells in CCl4 induced mice after treated
with or without baicalein. At least six
12-mm2 tissue sections were counted
for each mouse. Values represent mean
± SE (n = 6). P < 0.01 between control
and baicalein groups.
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Expression of TNF-α and IL-6 in liver
Real-time quantitative PCR was used to quantify the expression of TNF-α and IL-6 in mouse liver. Data showed
that in baicalein administration group, the production of
TNF-α and IL-6 mRNA reached a peak level, which was
even higher than in the control group, and then decreased
rapidly in 24 h (Figure 5A and B).

for decades to investigate the response of acute liver injury, because the elementary lesions caused by this hepatotoxin replicate those seen in most cases of human liver
diseases, which makes it a good model to study both signal transduction and cell cycle events in vivo[23,24]. Using this
delicate model, we have identified the protective effect of
baicalein against the typical acute liver injury.
Oral administration of baicalein to mice which have
received a LD50 dosage of CCl4 resulted in a significantly
reduced mortality rate. Since the pathological effect of
CCl4 in the animals has been proved to be mainly restricted to the liver and lethality of high-dose CCl4 is mostly
related with organ failure following acute liver failure
instead of direct injury to other organs, it is reasonable to
hypothesize that administration of baicalein can reduce
animal mortality mainly through attenuating acute liver
damage by CCl4, and facilitating the preservation and restoration of liver functions.
It has been proved that baicalein administration indeed attenuated acute liver damage. The indicators for

Expression of TGF-α , HGF and EGF in liver
Real-time quantitative PCR was used to quantify the levels
of TGF-α, HGF and EGF mRNA in liver. Data showed
that the production of TGF-α, HGF and EGF mRNA
was upregulated more rapidly in the baicalein administration group during the early phase and kept at a generally
higher level within the process of liver regeneration (Figure 5C-E).

DISCUSSION
The model of acute intoxication with CCl4 has been used
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Figure 4 Levels of interleukin-1β, interleukin-6 and tumor necrosis factor-α in serum in control and baicalein groups after CCl4 (1 mL/kg) treatment. A:
Serum interleukin (IL)-1β; B: Serum tumor necrosis factor-α (TNF-α); C: Serum IL-6. A, B and C were determined by enzyme-linked immunosorbent assay kit. Values
represent mean ± SE (n = 6). P < 0.05, P < 0.01 between control and baicalein groups.

the liver damage we have utilized are serum aminotransferase activities, including AST and ALT. They are commonly referred to as “liver enzymes”, because the levels
of these enzymes are released from damaged hepatocytes
into the blood, and their levels in the serum have been
widely recognized as a very important indicator to judge
the severity of acute hepatic injury[25]. In our experiment,
administration of baicalein attenuated the elevated serum
ALT and AST induced by CCl4 in mice, which indicated
that the proportion of damaged hepatocytes was reduced
as a direct result of baicalein administration. Elevated
ALT level was found to be significantly attenuated 12 h
after CCl4 treatment, while similar phenomenon appeared
at 24 h after CCl4 treatment for AST. Both time points
are defined as the early-stage liver damage in which cell
apoptosis and necrosis dominate the process. When the
liver damage progresses over time, the speed of cell damage as a result of either cell apoptosis or necrosis is reduced, as indicated by the relative decrease of AST/ALT
levels at later time points of days 3 to 5. On the other
hand, regeneration of liver gradually took place from
the middle to late stages of liver damage, during which
cell proliferation rate would naturally increase till the
original weight and shape of the liver and its functions,
is restored. We used another statistical index to measure
the possible role of baicalein in the regeneration of liver
tissue. It is the density of positive cells in a certain area
of tissue section immunostained with PCNA antibody.
The index strongly indicated that baicalein treatment
contributes to a faster liver recovery after CCl4-induced
liver injury by promoting the endogenous regeneration
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process from the middle stage of the entire liver damage
process. We also used histological methods as supportive
means to reveal the degree of cell necrosis and inflammation. Data also showed that oral baicalein administration
inhibited inflammation, necrosis, and destruction of liver
architecture.
To investigate the underlying mechanism, we evaluated the effects of baicalein treatment on the serum level
of certain key cytokines tightly related to inflammation
and cell proliferation. IL-1β, IL-6 and TNF-α, as acutephase proteins, are considered to be the special biomarkers that reflect inflammatory status[26]. IL-1β plays a key
role in inflammation, usually leading to tissue destruction.
Furthermore, IL-1β has been previously shown to antagonize hepatocyte proliferation[27,28]. Serum IL-1β can
increase dramatically during different inflammatory and
no-ninflammatory processes. In the present study, we
observed that baicalein administrated mice demonstrated
a significantly lower serum level of IL-1β at days 1, 2, 3
and 5, compared with the control group. The decreased
level of inflammatory cytokines may explain the accelerated liver regeneration observed in baicalein administrated mice. IL-6 and TNF-α expression has been identified
as attractive targets for liver regeneration. The release of
TNF-α, as a pro-inflammatory mediator in liver apoptosis, is also linked to cytotoxicity induced by CCl4[17,29].
Kupffer cells (macrophages in liver) produce TNF-α in
rapid response to tissue injury, which then up-regulates
the expression of IL-6. TNF-α and IL-6 together activate
the neighboring hepatocytes, leading to signal transducer
and activator of transcription STAT3 activation and
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Figure 5 The microRNA levels of tumor necrosis factor-α, interleukin-6, transforming growth factor-α, hepatocyte growth factor and epidermal growth
factor in liver of control and baicalein groups after carbon tetrachloride (1 mL/kg) treatment. Total RNA was isolated from liver tissue using TRIzol methods and
quantified spectrophotometrically at 260 nm. The mRNA levels of tumor necrosis factor-α (TNF-α ) (A), interleukin-6 (IL-6) (B), hepatocyte growth factor (HGF) (C),
epidermal growth factor (EGF) (D) and transforming growth factor-α (TGF-α ) (E) genes were quantified using reverse transcription polymerase chain reaction and
normalized to β -actin housekeeping gene. Values represent mean ± SE (n = 6). P < 0.05, P < 0.01 between control and baicalein groups.

the production of several other proteins that are shared
within the growth-factor-mediated pathway network. In
previous studies, pretreatment with IL-6 before CCl4 reduces acute CCl4-mediated cell apoptosis, and accelerates
regeneration in both wild-type and IL-6-/- livers[30]. The
mechanism of IL-6 and TNF-α in protecting the liver
against injury has not been fully clarified[31-33]. Previous
studies showed that liver regeneration and hepatoprotection require the cytokine IL-6 immediately after liver
injury[34,35]. But overexpression of IL-6 inhibits hepatocyte growth and causes liver injury[36,37]. In the present
study, the expression of TNF-α and IL-6 in baicalein
administrated mice reached a high level at day 0.5 and
then was kept at a relatively lower level at days 1, 2, 3 and
5 compared with the control. We consider that the lower
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levels of TNF-α and IL-6 which are cell death mediators
from days 1 to 5 may facilitate liver regeneration. In term
of the mechanisms, we found that gene expression of
IL-6 and TNF-α in treated liver was enhanced in a similar
pattern as the level of corresponding proteins, leading
to the conclusion that baicalein could indeed alter the
expression of certain cytokines to affect the liver damage
process.
Another group of molecules we have investigated
are growth factors such as HGF, TGF-α and EGF. They
promote hepatic survival by stimulating liver regeneration
and providing hepaprotection in various models of liver
injury, such as toxic damage caused by CCl4[38]. It has been
proven that HGF, TGF-α and EGF are the main growth
factors secreted after hepatic injury[39]. HGF is the most
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potent mitogen for mature hepatocytes and acts as a hepatotropic factor. HGF level is increased markedly in mouse
liver after various liver injuries such as hepatitis, ischemia,
physical crush and partial hepatectomy. HGF acts as a
trigger for liver regeneration and strongly enhances EGF
expression. Previous studies indicated that the liver regenerative response is blocked if antibodies to HGF are administered at the same time as CCl4 treatment[40]. HGF administration to rodents was confirmed to reduce the level
of CCl4-induced injury. HGF has been shown to regulate
DNA synthesis partially through upregulation of other
growth factors in hepatocytes in vivo and in vitro, which
indicates that all of them are crucial for liver regeneration[41,42]. In our study, a significant increase of HGF, EGF
and TNF-α expression occurred in livers from baicaleintreated groups during the proliferation phase (from days
1 to 3). Such expression reached a lower level in baicaleintreated mice at day 5 compared with the control, which
indicated that the liver regeneration was terminated at an
earlier phase.
In conclusion, we found baicalein from the Chinese
herbal medicine possesses strong beneficial effects in a
mouse model against acute liver injury caused by CCl4.
The expression of inflammatory cytokines IL-6 and TNF-α
are markedly increased at the very early stage, which activate crucial signal transducers, including signal transducer
and activator of transcription 3 and trigger certain signal
cascades related to liver regeneration. During the middle
stage, the expression level of such cytokines was significantly lowered to reduce inflammation cell apoptosis. The
subsequent elevation of HGF, TGF-α and EGF may
promote hepatic survival by stimulating hepatocyte regeneration. The protective effect of baicalein represents a
clinical potential in the development of novel therapeutic
agents for acute liver injury.

The authors concluded that baicalein could facilitate the initiating events in liver
regeneration. The experiments were well done and the results were clearly
shown. This study is well designed and performed, and is of great interest for
its novelty and impact in the field.
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METHODS: CRC data were collected from surgery/pathology registers, and polyp data from colonoscopy
reports. Patients who met the criteria for familial adenomatous polyposis, hereditary non-polyposis colorectal
cancer syndrome or inflammatory bowel disease were
excluded from the study. Overlap of patients between
the two groups (cancers and polyps) was carefully avoided. The χ 2 statistical test and a regression analysis were
performed.
RESULTS: Data from a total of 768 patients (352 and
416 patients, respectively, in periods A and B) who underwent surgery for cancer were collected. During
the same time periods, a total of 1693 polyps were
analyzed from 978 patients with complete colonoscopies (428 polyps from 273 patients during period A
and 1265 polyps from 705 patients during period B). A
proximal shift in cancer occurred during the latter years
for both sexes, but particularly in males. Proximal cancer increased > 3-fold in period B compared to period A
in males [odds ratio (OR) 3.31, 95%CI: 2.00-5.47; P <
0.0001). A similar proximal shift was observed for polyps, particularly in males (OR 1.87, 95%CI: 1.23-2.87;
P < 0.0038), but also in females (OR 1.62, 95%CI:
0.96-2.73; P < 0.07).
CONCLUSION: The prevalence of proximal proliferative colonic lesions seems to have increased over the
last decade, particularly in males.
© 2012 Baishideng. All rights reserved.
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tion[15,16], and only two studies have analyzed the changing distribution of both CRC and polyps over tim[17,18],
thus data are scarce and not conclusive.
The present study aims to address this issue retrospectively by analyzing records from a large set of patients, either operated on for CRC or diagnosed with colon polyps
by colonoscopy, during two distinct periods of time at an
Italian single referral center.

FACS, Surgical Oncologist, Cancer Care Associates, 801 Ostrum
Street, Bethlehem, PA 18015, United States
Corleto VD, Pagnini C, Cattaruzza MS, Zykaj E, Di Giulio
E, Margagnoni G, Pilozzi E, D’Ambra G, Lamazza A, Fiori
E, Ferri M, Masoni L, Ziparo V, Annibale B, Delle Fave G. Is
proliferative colonic disease presentation changing? World J
Gastroenterol 2012; 18(45): 6614-6619 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i45/6614.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i45.6614

MATERIALS AND METHODS
We performed a retrospective, observational study of
CRC and polyps at a single referral center (“Sapienza”
University Hospital - Rome, Italy) for two periods of
time: from 1989 to 1993 (period A) and from 2003 to
2007 (period B). The aim of the study was to compare
the location of CRC and polyps and to study the differences in the age and gender distributions between the
two periods.
The age and gender of the patients and the location,
histology, morphology and dimensions of their lesions
were recorded. For discrimination between the proximal
and distal colon, the boundary was situated at the juncture of the splenic flexure, as was performed in previous
studies[16,19].
Overlap of patients in the two groups (CRC and polyps) was carefully avoided. The study was approved by the
institutional University review board; because this study
was a retrospective analysis of an existing data set, written
informed consent was not obtained from the participating
subjects.
During the two periods, endoscopic examinations were
performed using Olympus videocolonscopes (CF100I in
period A, CFQ145I in period B).

INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignancies worldwide, the etiology of CRC involves environmental and genetic factors. In most cases, the cancer
develops according to the classic adenoma-carcinoma
sequence[1], as supported by epidemiological, clinicalpathological and molecular genetic studies. Thus, early
detection and removal of adenomatous polyps are essential for cancer prevention. In fact, the risk of developing CRC within six years of a polypectomy is reduced
by 75%-90%. However, not all CRC cases are preceded
by adenomatous polyps, and some cancers have been
shown to develop directly from aberrant crypts or flat
lesions[2]. These alternative carcinogenetic pathways are
relatively more frequent on the right side of the colon,
making the efficacy of preventative strategies very challenging. In this regard, one of the topics of particular
interest in CRC is the possible change in site distribution
observed in recent decades. In fact, recent data from
different studies report a change in the site distribution
of CRC (proximal shift) related to gender, race[3,4] and
older age[5]. Many factors are potentially involved in this
phenomenon, and most of them are not easily evaluated. However, the crucial issue is to establish if and
how much of these changes are due to a real biological
event or related to multiple diagnostic biases. Indeed, the
question is not theoretical, but rather implies important
decisions related to strategies for screening, surveying
and treating millions of people worldwide, with health
and economic implications. In fact, proximal colon cancer represents a great challenge for physicians, both due
to the technical limitations of screening strategies in the
detection of right-sided colon lesions and to the peculiar
behavior of these tumors[6]. Data on CRC location have
been reported from different sources, such as cancer
registries, colonoscopy reports, retrospective clinical
analyses or autoptic data[5,7-9]. All of these sources have
biases that could potentially under- or over-estimate
the specific issue of the cancer location. However, data
concerning a possible increase over time of right-sided
colon cancers have been reported recently in large population studies[10,11]. The possible changes in the location
of polyps over time have been less investigated, but a
possible proximal shift in these lesions has been described by some studies[12-14]. Few studies have addressed
the possible “right shift” of CRC in the Italian popula-
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Colorectal cancer data
CRC data were obtained from surgery registries, and the
diagnoses were all confirmed by histological examination
of surgical resections. Overall, 768 consecutive patients
diagnosed with cancer who underwent surgery were analyzed. Of these, 352 were operated on from 1989-1993
(period A) and 416 from 2003-2007 (period B).
Polyp data
Polyp data were obtained from colonoscopies. Only complete colonoscopy examinations with adequate bowel
preparation were considered. Subjects with uncompleted
examinations or unsatisfactory cleansing were excluded,
unless a second complete colonoscopy was performed
within three months. Only patients with sporadic polyps
were included, and patients who met the criteria for familial adenomatous polyposis, hereditary non-polyposis
colorectal cancer syndrome or other polyposis syndromes,
or who had been diagnosed with or suspected to have
inflammatory bowel disease (ulcerative colitis or Crohn’s
disease), were excluded from the study.
Four senior gastroenterologists, each with more than
10 years of endoscopic experience, performed 4176
colonoscopies (1030 and 3146 for periods A and B, re-
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Table 1 Characteristics of the 768 patients with colorectal
cancer n (%)
Period A (1989-1993)
Male
Female
Age (yr)
< 50
50-59
60-69
70-79
≥ 80

Period B (2003-2007)

352 patients

416 patients

202 (57.4)
150 (42.6)

253 (60.8)
163 (39.2)

18.2%

6.2%

27 (6.5)
55 (13.2)
95 (22.8)
180 (43.3)
59 (14.2)

81.8%

31.5%

67.5%

< 0.0001

Figure 1 Relative distribution of colorectal cancer according to colon
segment in periods A and B. The relative percentage of colorectal cancer
cases are indicated next to the corresponding tract of the colon. Total proximal
and distal colorectal cancer percentages, with the splenic flexure as the boundary, are also reported.

spectively). Polyps were detected in 27% and 23% of
colonoscopies in periods A and B, respectively.
A total of 978 patients were analyzed, and 1693 polyps were found.
The data obtained from each polyp were included in
the descriptive analysis. For patients with more than one
polyp, the most advanced lesion, either in the proximal
or in the distal segment of the colon, was taken into
consideration in the multivariate analysis.

increased risk, but this increase was not statistically significant (OR 1.21, 95%CI: 0.72-2.04; P = 0.4637). There
was no significant evidence of an effect of age in males
(OR 1.34, 95%CI: 0.86-2.11; P = 0.1999) or in females
(OR 1.23, 95%CI: 0.74-2.07; P = 0.4272).
Polyps
As shown in Table 2, polyps were more frequently found
in males than in females, with no statistically significant
difference between the periods (P = 0.0892). We evaluated 428 polyps from 273 patients in period A and 1265
polyps from 705 patients in period B. The mean number
of polyps per patient increased from 1.6 in period A to 1.8
in period B (P = 0.01).
No univocal trend in age distribution between the
two periods was observed. With regard to the percentage of patients with polyps in period A to period B, a
decrease was observed for age groups < 50 years and
60-69 years, whereas an increase was observed for the
age groups 50-59, 70-79 and ≥ 80 years (P < 0.0015).
A similar trend was observed in both males and females
(data not shown).
From period A to B, the incidence of proximal polyps
increased by an absolute 12.7% (from 22.8% to 35.5%, P
< 0.00005). In analyzing the anatomical segments separately, an increase in incidence of proximal polyps was observed in the ascending colon (from 7.9% to 13.2%) and
in the transverse colon (from 7.2% to 14.7%). In the distal
colon, a reduction in polyps was observed in the descending colon (from 21.6% to 9.1%) and in the rectum (from
32% to 25.4%), whereas an increase was noted in the sigmoid colon (from 23.6% to 30%) (P < 0.00005) (Figure 2).
In the multivariate logistic regression analysis, after
adjusting for age, a male’s risk of developing a proximal
polyp in period B was almost 90% greater than his risk in
period A (OR 1.87, 95%CI: 1.23-2.87; P = 0.004), whereas for females, there was an increase of more than 60%
in the risk, which was close to statistical significance (OR
1.62, 95%CI: 0.96-2.73; P = 0.07). When considering age
groups stratified by greater or less than 70 years, no differences in proximal polyp detection was demonstrated for
either gender.
The size and histopathological pattern of the polyps
were also analyzed.

Statistical analysis
Proportions were calculated for the categorical data, and
means and standard deviations were calculated for the
quantitative data. χ 2 and t tests were used to assess the
differences between periods A and B. Multivariate logistic
regression was used to estimate the relative risk of finding
a proximal CRC and polyp, adjusting for age, sex and the
diagnosis period (A vs B) as independent variables. The
limit of statistical significance for all tests was set at 0.05.

RESULTS
Colon cancer
As shown in Table 1, a higher percentage of cancers was
recorded in men than in women, and there was no statistically significant difference between the periods. Patients
were older in period B than in period A. In particular,
there were fewer patients with CRCs in period B than in
period A in all age groups less than 70 years.
From period A to B, proximal CRC incidence increased by an absolute 14.3% (from 18.2% to 32.5%, P
< 0.0001). In particular, the increase was observed in the
cecum and in the ascending colon (12.0% vs 28.4% in periods A and B, respectively), whereas in distal CRC cases,
a consistent reduction was noted in the rectum, with a decrease from 54.5% to 31.5% in periods A and B, respectively (P < 0.0001) (Figure 1).
In the multivariate analysis, the risk of finding a
proximal CRC, after adjusting for age and sex, showed a
statistically significant interaction term between period
B and gender. Thus, two regression equations were run.
For men, the risk of developing a proximal cancer in
period B was more than 3 times greater than that in period A, adjusting for age [odds ratio (OR) 3.31, 95%CI:
2.00-5.47; P = 0.0001], whereas for females, there was an
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17%

19%

13.6%
54.5%

49 (13.9)
70 (19.9)
121 (34.4)
90 (25.6)
22 (6.2)

17.1%
11.3%

6%

0.335

4.1%

13.7%

6%

P value

Period B (2003-2007)
32.5%
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Period A (1989-1993)
22.8%
7.2%

Table 2 Characteristics of the 978 patients with polyps n (%)

Male
Female
Age (yr)
< 50
50-59
60-69
70-79
≥ 80
Total No. of polyps
No. of polyps, mean ± SD
No. of polyps, median
Range
Dimensions
< 5 mm
5-9 mm
10-19 mm
20-29 mm
30-39 mm
40+ mm
Histopathological pattern
Hyperplastic
Mild/moderate dispalsia1
Severe dysplasia2
Others3

Period A
(1989-1993)
273 patients

Period B
(2003-2007)
705 patients

178 (65.2)
95 (34.8)

418 (59.3)
287 (40.7)

0.0892

50 (19.2)
44 (16.9)
103 (39.5)
57 (21.8)
7 (2.7)
428
1.6 ± 1
1
1-6

91 (12.9)
154 (21.9)
226 (32.1)
185 (26.3)
48 (6.8)
1265
1.8 ± 1.3
1
1-14

< 0.0015

114 (26.6)
228 (53.3)
44 (10.3)
23 (5.4)
9 (2.1)
10 (2.3)

530 (41.9)
454 (35.9)
191 (15.1)
52 (4.1)
25 (2)
13 (1)

< 0.00005

91 (33.6)
151 (55.7)
27 (10)
2 (0.7)

438 (38.7)
597 (52.7)
87 (7.7)
10 (0.9)

< 0.00005

9.1%

13.2%
7.6%

7.7%

30%

23.6%
32%

77.2%

25.4%

64.5%

Figure 2 Relative distribution of polyps according to colon segment in
periods A and B. Relative percentage of polyp detection are indicated next
to the corresponding tract of the colon. Total proximal and distal colonic polyp
percentages, with the splenic flexure as the boundary, are also reported.

0.0102

lesions, even though a careful risk stratification strategy
is required in order to optimize resources for screening
purposes. In this setting, the presumed right-side increase
in pre-malignant lesions and CRC may represent a further
stimulus to perform high-quality endoscopic examination
of the right side of the colon, which is often difficult
to explore carefully (especially the cecum)[6]. Moreover,
even though in the last year colonoscopies have increased
in number and quality, it has been demonstrated that a
relatively high proportion of cases of CRC may develop
without macroscopic evidence of pre-malignant lesions,
introducing further challenges to prevention strategies.
Despite the consistent number of studies that analyze
differences in the location of colon CRC and polyps,
data are still not univocal and indeed remain difficult to
interpret. As already mentioned, results are often difficult
to compare due to the different sources from which the
data are collected. Another important reason concerns
the length of the observation, which varies from a few
years to decades according to different studies.
This study retrospectively evaluated the differences
in the site distribution of CRC and polyps between two
5-year periods over a period of 10 years, analyzing data
from surgical registries and from endoscopic reports in
a single referral center. The relatively short interval time
between the two periods (10 years) could have, at least in
part, influenced the observed differences, which may be
more striking with a wider interval time.
Bearing in mind the aforementioned limitations for
data interpretation, many recent large studies have reported a trend for “proximalization” of CRC in different
geographic areas[10,15,21,22]. Conversely, other studies have
questioned the possible “right shift” in CRC location[23,24]
or have observed the phenomenon only in specific subgroups[3,25,26]. Moreover, some other authors have explained
that the putative increase in proximal CRCs is mainly
consequent to the decrease in rectal cancer cases[8,16]. In
this study, we confirmed the proximal shift in CRC over
time and observed a 3-fold increase in the risk of finding
proximal cancer in males in period B vs period A. In line
with previous findings in Italian populations[16], the single
anatomical segments analysis emphasized that the relative
increase in proximal CRC cases over time was partly due to
a reduction in the number of rectal cancer cases (54.5% vs

1

Tubular, mixed or villous adenoma with mild or low grade dysplasia;
Tubular, mixed or villous adenoma with severe dysplasia or cancer in situ
or serrated adenoma; 3Lymphatic lump, hamartoma, leiomyoma, anal human papilloma virus.
2

There was a statistically significant increase in the percentages of micropolyps (< 5 mm) from 26.6% to 41.9%
and from 10.3% to 15.1% for polyps of 10-19 mm in size,
whereas the percentage of large polyps (40 mm) diminished from 2.3% to 1.0% in period B vs A (P < 0.00005).
Histopathology data were available for 63.3% and
89.5% of polyps in period A and B, respectively. No statistically significant differences in the overall number of hyperplastic polyps and adenomas with mild/moderate and
severe dysplasia were observed between periods A and
B. Nonetheless, when the histopathological pattern was
analyzed according to polyp location, from period A to B,
adenomas with mild/moderate dysplasia in the proximal
colon increased significantly from 21.8% to 41.2% (P <
0.001), whereas adenomas with severe dysplasia decreased
from 37% to 23%, which was not statistically significant.

DISCUSSION
In recent decades, screening strategies for early diagnosis
and/or prevention of CRC have been consistently implemented. Nonetheless, colon malignancies still remain the
third most common cancer and an important cause of
death in Western countries[20]. Thus, many efforts have
been made in order to improve the efficacy of screening
strategies, which often differ even regionally in the same
country. Colonoscopy is considered the “gold standard”
for the diagnosis and removal of pre-malignant colon
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21.6%

7.9%
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31.5% in periods A and B, respectively). In fact, excluding
rectal cancers, the trend for a proximal shift in CRCs over
time, although maintained, showed less of a difference
(data not shown). This relatively small, but homogeneous
study from a single referral center, confirmed the trend of
a proximal shift in CRC location during recent years, and is
thus further confirmation of the phenomenon previously
described in large cohorts of patients from different areas.
Published data on polyp prevalence are scarce and less
consistent than are data for CRC, and the related studies
mainly concern advanced adenomas[27]. However, some
studies have suggested a proximal shift in those lesions
over time[12-14,17,18]. In this study, we observed a proximal
shift in polyps between periods A and B, albeit less consistent than that observed for CRC. As already observed
for CRC, the proximalization of lesions was more evident
in males (90% increase in period B vs A). The increase in
total polyps, and in particular in proximal lesions, refers
mainly to micropolyps and low-grade dysplastic polyps,
that could be partially explained by the increase in colonoscopies for cancer prevention in period B vs period A,
and to the “see and sampling” strategy that has become
more popular in recent years. Notably, the present data
on polyp dimensions and histopathological patterns need
to be interpreted with caution, both due to the high rate
of missing histological data [157 (36.7%) and 133 (10.5%)
polyps with missing histological reports in periods A and
B, respectively] and due to the fact that the two variables
(size and histology) are not independent.
Besides possible biological explanations of increased
proliferative right-sided colon lesions over time, many
confounding factors related to the global technical and
behavioral medical changes throughout the years could
have partially contributed to this location shift. With
regard to the latter, the most important consideration
concerns the impact of increased sensibilization for
CRC prevention in the last decade that could have potentially influenced either CRC or polyp presentation in
our population during period B. In fact, the older age
of CRC patients in that period could be at least partially
due to the preventive effect of the screening approach,
and the same “proximal shift” could be an effect of better prevention of distal lesions (which are more easily
detected by screening methods such as sigmoidoscopy).
Considering polyps, the modifications of colonoscopy indications, particularly due to an increased trend to cancer
prevention, may have influenced the different findings in
the two periods, even though only a slight decrease in the
proportion of colonoscopies with polyp detection was
found between the two periods (23% in period B vs 27%
in period A). Regarding technical progress, the right-sided
CRC increase could be a result of the recent different
surgical treatment options for right-sided CRC, in particular the laparoscopic approach, that in many centers
has made surgery much more possible in elderly patients
compared to previous years. This detail is particularly
true considering that for CRC evaluation, we included
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exclusively surgical registry data without considering the
surgical approach. Moreover, procedural improvements
(i.e., standardization of retraction time) and the amelioration of bowel cleansing could have potentially influenced
the observed difference in polyp detection between the
two time periods. Nonetheless, no substantial improvements in technical equipment occurred between the two
periods, since high definition endoscopes were not available in both periods.
Nonetheless, even if the precise amount and specific
causes of the right shift in pre-malignant and malignant
colon lesions remain to be established, the present retrospective analysis appears to confirm, albeit with some
limitations and possible confounding factors, a trend of
an increase in such lesions over time. As a consequence,
endoscopists and clinicians in daily clinical practice, as
well as future strategies for screening campaigns, should
take into account the possible increase in proximal colonic
proliferative disorders. In this regard, the whole colon
should be considered as a potential target for neoplastic
changes, and partial colon examinations should be avoided or limited to particular conditions. Novel endoscopic
instruments with higher resolution power could result in
an improvement per se in the detection of colonic lesions.
However, besides the technical devices, better bowel
preparation (cecum cleaning), the constant improvement
of endoscopists’ skills, and a standardized technical endoscopic approach[28] are all fundamental basic tools that can
improve the endoscopic examination quality in order to
obtain a more accurate observation of the whole colon.

COMMENTS
COMMENTS
Background

Proximalization of colorectal cancer during the last decades has been variously
reported. Data for the right shift in polyps are scant and controversial.

Research frontiers

Data from large cohorts of patients followed for decades and relatively short
studies suggest a change in colonic proliferative disease during recent years,
with an increase in right-sided lesions.

Innovations and breakthroughs

The data show a proximalization of proliferative colonic lesions (cancers and
polyps), in a single referral center, in two different periods of time with a tenyear interval between these periods.

Applications

These results should be interpreted with caution, due to many possible unavoidable biases that may interfere when undertaking this type of study, either for
different endoscopical/surgical approaches or for biological factors. However,
the authors suggest that this phenomenon that may have important implications
either for improvement of endoscopic accuracy or for screening programs.

Peer review

The study involves a single institution but covers 2 separate 5 year periods 10
years apart. The authors compared data regarding the anatomic location of
both colorectal cancers and colonic polyps found by colonoscopy during each
period. The data suggest that proximal proliferative lesions have increased
in prevalence, particularly in males. That proximal colonic premalignant and
malignant conditions have increased in prevalence over the last 2 decades has
also been shown in other studies. In order to be sure that comparisons between
2 separate periods are valid, even within a single institution, the procedures in
question should be as identical as possible, allowing for changes in technology,
operator experience, etc.

6618

December 7, 2012|Volume 18|Issue 45|

Corleto VD et al . Change in proliferative colonic presentation site
15

REFERENCES
1
2

3

4

5

6
7
8
9
10

11

12

13

14

Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. Cell 1990; 61: 759-767
Winawer SJ, Zauber AG, Ho MN, O’Brien MJ, Gottlieb LS,
Sternberg SS, Waye JD, Schapiro M, Bond JH, Panish JF. Prevention of colorectal cancer by colonoscopic polypectomy.
The National Polyp Study Workgroup. N Engl J Med 1993;
329: 1977-1981
Wu X, Cokkinides V, Chen VW, Nadel M, Ren Y, Martin J,
Ellison GL. Associations of subsite-specific colorectal cancer
incidence rates and stage of disease at diagnosis with countylevel poverty, by race and sex. Cancer 2006; 107: 1121-1127
Okamoto M, Shiratori Y, Yamaji Y, Kato J, Ikenoue T, Togo G,
Yoshida H, Kawabe T, Omata M. Relationship between age
and site of colorectal cancer based on colonoscopy findings.
Gastrointest Endosc 2002; 55: 548-551
Strul H, Kariv R, Leshno M, Halak A, Jakubowicz M, Santo M,
Umansky M, Shirin H, Degani Y, Revivo M, Halpern Z, Arber N. The prevalence rate and anatomic location of colorectal adenoma and cancer detected by colonoscopy in averagerisk individuals aged 40-80 years. Am J Gastroenterol 2006;
101: 255-262
Hewett DG, Kahi CJ, Rex DK. Does colonoscopy work? J Natl
Compr Canc Netw 2010; 8: 67-76; quiz 77
Anderson WF, Umar A, Brawley OW. Colorectal carcinoma
in black and white race. Cancer Metastasis Rev 2003; 22: 67-82
Matanoski G, Tao XG, Almon L, Adade AA, Davies-Cole JO.
Demographics and tumor characteristics of colorectal cancers
in the United States, 1998-2001. Cancer 2006; 107: 1112-1120
Jass JR, Young PJ, Robinson EM. Predictors of presence,
multiplicity, size and dysplasia of colorectal adenomas. A
necropsy study in New Zealand. Gut 1992; 33: 1508-1514
Singh H, Demers AA, Xue L, Turner D, Bernstein CN. Time
trends in colon cancer incidence and distribution and lower
gastrointestinal endoscopy utilization in Manitoba. Am J Gastroenterol 2008; 103: 1249-1256
Saltzstein SL, Behling CA. Age and time as factors in the leftto-right shift of the subsite of colorectal adenocarcinoma: a
study of 213,383 cases from the California Cancer Registry. J
Clin Gastroenterol 2007; 41: 173-177
Offerhaus GJ, Giardiello FM, Tersmette KW, Mulder JW,
Tersmette AC, Moore GW, Hamilton SR. Ethnic differences
in the anatomical location of colorectal adenomatous polyps.
Int J Cancer 1991; 49: 641-644
Park SY, Kim BC, Shin SJ, Lee SK, Kim TI, Kim WH. Proximal shift in the distribution of adenomatous polyps in Korea over the past ten years. Hepatogastroenterology 2009; 56:
677-681
Levi F, Randimbison L, La Vecchia C. Trends in the subsite
distribution of colorectal carcinomas and polyps: an update.
Cancer 1998; 83: 2040-2042

16

17
18

19

20
21
22

23
24

25

26
27

28

Sarli L, Michiara M, Sgargi P, Iusco D, De Lisi V, Leonardi
F, Bella MA, Sgobba G, Roncoroni L. The changing distribution and survival of colorectal carcinoma: an epidemiological
study in an area of northern Italy. Eur J Gastroenterol Hepatol
2005; 17: 567-572
Ponz de Leon M, Marino M, Benatti P, Rossi G, Menigatti
M, Pedroni M, Di Gregorio C, Losi L, Borghi F, Scarselli A,
Ponti G, Roncari B, Zangardi G, Abbati G, Ascari E, Roncucci L. Trend of incidence, subsite distribution and staging
of colorectal neoplasms in the 15-year experience of a specialised cancer registry. Ann Oncol 2004; 15: 940-946
Fenoglio L, Cena P, Bracco C, Pomero F, Migliore E, Benedetti V, Morino M, Perin PC. Proximalisation of colorectal carcinoma: a 10-year study in Italy. Dig Dis Sci 2008; 53: 736-740
Fenoglio L, Castagna E, Comino A, Luchino C, Senore C, Migliore E, Capucci F, Panzone S, Silvestri A, Ghezzo L, Ferrigno D. A shift from distal to proximal neoplasia in the colon:
a decade of polyps and CRC in Italy. BMC Gastroenterol 2010;
10: 139
Yamaji Y, Mitsushima T, Ikuma H, Watabe H, Okamoto M,
Yoshida H, Kawabe T, Wada R, Omata M. Right-side shift of
colorectal adenomas with aging. Gastrointest Endosc 2006; 63:
453-458; quiz 464
Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, Thun
MJ. Cancer statistics, 2006. CA Cancer J Clin 2006; 56: 106-130
Li M, Gu J. Changing patterns of colorectal cancer in China
over a period of 20 years. World J Gastroenterol 2005; 11:
4685-4688
Meza R, Jeon J, Renehan AG, Luebeck EG. Colorectal cancer
incidence trends in the United States and United kingdom:
evidence of right- to left-sided biological gradients with implications for screening. Cancer Res 2010; 70: 5419-5429
Rabeneck L, Davila JA, El-Serag HB. Is there a true “shift”
to the right colon in the incidence of colorectal cancer? Am J
Gastroenterol 2003; 98: 1400-1409
Gomez D, Dalal Z, Raw E, Roberts C, Lyndon PJ. Anatomical distribution of colorectal cancer over a 10 year period in
a district general hospital: is there a true “rightward shift”?
Postgrad Med J 2004; 80: 667-669
Rim SH, Seeff L, Ahmed F, King JB, Coughlin SS. Colorectal
cancer incidence in the United States, 1999-2004 : an updated
analysis of data from the National Program of Cancer Registries and the Surveillance, Epidemiology, and End Results
Program. Cancer 2009; 115: 1967-1976
Murphy G, Devesa SS, Cross AJ, Inskip PD, McGlynn KA,
Cook MB. Sex disparities in colorectal cancer incidence by anatomic subsite, race and age. Int J Cancer 2011; 128: 1668-1675
Regula J, Rupinski M, Kraszewska E, Polkowski M,
Pachlewski J, Orlowska J, Nowacki MP, Butruk E. Colonoscopy in colorectal-cancer screening for detection of advanced
neoplasia. N Engl J Med 2006; 355: 1863-1872
Rex DK. Maximizing detection of adenomas and cancers
during colonoscopy. Am J Gastroenterol 2006; 101: 2866-2877
S- Editor Shi ZF

WJG|www.wjgnet.com

6619

L- Editor Webster JR

E- Editor Li JY

December 7, 2012|Volume 18|Issue 45|

World J Gastroenterol 2012 December 7; 18(45): 6620-6627
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v18.i45.6620

© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Value of adipokines in predicting the severity of acute
pancreatitis: Comprehensive review
Andrius Karpavicius, Zilvinas Dambrauskas, Audrius Sileikis, Dalius Vitkus, Kestutis Strupas
prediction of severity and/or complications of AP were
selected for further analysis. Each article had to contain
information about the levels of measured adipokines,
diagnosis and verification of AP, to specify presence of
pancreatic necrosis, organ dysfunction and/or mortality rates. From the very beginning, study was carried
out adhering to the PRISMA checklist and flowchart
for systemic reviews. To assess quality of all included
human studies, the Quality Assessment of Diagnostic
Accuracy Studies tool was used. Because of the high
heterogeneity between the studies, it was decided to
refrain from the statistical processing or meta-analysis
of the available data.
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RESULTS: Nine human and three experimental studies were included into review. In experimental studies
significant differences between leptin concentrations
at 24 and 48 h in control, acute edematous and acute
necrotizing pancreatitis groups were found (P = 0.027
and P < 0.001). In human studies significant differences between leptin and resitin concentrations in control
and acute pancreatitis groups were found. 1-3 d serum
adiponectin threshold of 4.5 μg/mL correctly classified
the severity of 81% of patients with AP. This threshold
yielded a sensitivity of 70%, specificity 85%, positive
predictive value 64%, negative predictive value88%
(area under curve 0.75). Resistin and visfatin concentrations differ significantly between mild and severe
acute pancreatitis groups, they correlate with severity
of disease, need for interventions and outcome. Both
adipokines are good markers for parapancreatic necrosis and the cut-off values of 11.9 ng/mL and 1.8 ng/mL
respectively predict the high ranges of radiological
scores. However, the review revealed that all nine human studies with adipokines are very different in terms
of methodology and objectives, so it is difficult to generalize their results. It seems that concentrations of
the leptin and resistin increases significantly in patients
with acute pancreatitis compared with controls. Serum
levels of adiponectin, visfatin and especially resitin
(positive correlation with Acute Physiology and Chronic

Abstract
AIM: To analyze the prognostic value of adipokines in
predicting the course, complications and fatal outcome
of acute pancreatitis (AP).
METHODS: We performed the search of PubMed database and the systemic analysis of the literature for
both experimental and human studies on prognostic
value of adipokines in AP for period 2002-2012. Only
the papers that described the use of adipokines for
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Health Evaluation Ⅱ, Ranson and C-reactive protein)
are significantly different in mild acute pancreatitis and
severe acute pancreatitis patients, so, they can serve
as a markers for the disease severity prediction. Resistin and visfatin can also be used for pancreatic and
parapancreatic necrosis prediction, interventions needs
and possible, outcome.

Pancreatitis (2009), and many others. Although, the accuracy of such scores is high enough (Table 1)[10-14], all
of them are multifactorial and rather uncomfortable for
everyday use, so a great attention is still given for seeking
a single prognostic marker. The most widely explored and
described single predictor is C-reactive protein (CRP),
which remains very useful, because it is accurate, cheap,
and widely available. However, its concentration reaches
a peak on third day of the disease, so it has a greatest
prognostic value approximately 48 h after the onset of the
symptoms. Optimal cut-off value recommended by almost all societies for disease course prediction is 150 mg/L.
CRP has sensitivity of 80%, specificity of 84% with area
under curve (AUC) 0.84 in predicting severity of the disease 48 h after admission with a cut-off of 150 mg/L[15].
There is little data on the value of CRP on prediction of
development of pancreatic necrosis. Some studies demonstrated that a cut-off of as low as 71 mg/L is sufficient
to predict development of clinically significant (volume >
30%) necrosis with a sensitivity of 78.79%, specificity of
71.43% and AUC 0.766[12].
The main problem remains, that neither prognostic
scores nor single predictors can’t accurately predict the
disease course and severity, development of pancreatic
or peripancreatic necrosis, and outcomes during the first
hours or even days of hospitalization. Therefore, there is
a great stimulus for seeking new accurate and easy to use
predictors. Perhaps, the least studied group of predictors
in AP is adipokines, including adiponectin, leptin, resistin and visfatin.
Adiponectin is being produced exclusively in adipocites and plays an important role in the inhibition of the
inflammatory response[16,17]. Adiponectin depresses nuclear factor kappa B signaling in endothelial cells and adipocytes, induces the anti-inflammatory cytokine interleukin
(IL)-10 and IL-1 receptor antagonist in leukocytes[18-20].
Leptin is an adipocyte-derived hormone that acts
centrally in the hypothalamus to regulate body waste and
peripherial energy expenditure[21]. The presence of leptin
and expression of its receptors have been detected in
other tissues, also in pancreas[22]. This suggests, that leptin
may modulate pancreatic function and inflammatory response in pancreatitis.
Resistin and visfatin are the adipohormones, produced
by neutrophils, macrophages, bone marrow and WAT[23,24].
They can induce the synthesis of pro-inflammatory cytokines, such as IL-6, IL-1β, tumor necrosis factor alpha,
that is why their role in inflammatory response has been
suggested[24-27].
It is now widely accepted, that white adipose tissue
is an active endocrine organ, which is also involved in
pathogenesis of AP. Peripancreatic fat cells necrosis might
cause a massive release of cytokines (IL-1, IL-6, tumor
necrosis factor) and adipokines, that possibly cause multiorgan dysfunction and whole body metabolic changes. It
is hypothesized that the extent of peripancreatic fat-cell
necrosis determines the severity of pancreatitis, and an
early increase of adipocyte-specific marker proteins might
serve as predictor of the clinical course[28].

CONCLUSION: High levels of adipokines could allow
for prediction of a severe disease course and outcome
even in small pancreatic lesions on computed tomography scans.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is a common disease with a wide
spectrum of severity. Its incidence is about 30-113 cases
per 100 000 individuals, with the overall mortality rate
of 10%-15%[1-4]. Most episodes of AP are mild and selflimiting, but up to 10%-20% of patients develop severe
AP with mortality ranging from 29% to 43%[5,6]. Over past
two decades mortality rate in early phase of AP associated with the systemic inflammatory response syndrome
decreased significantly, but mortality in the late phase
remains high. It is believed that the cause of death in late
phase is predominantly linked to the development of infected necrosis and septic complications[7], thus resulting
in multiple organ failure and severe sepsis[8,9]. Because of
the systemic complications and high mortality, a considerable interest in the early prediction of the disease course
and severity remains.
Pancreatic enzyme levels poorly correlate with the severity of AP, thus prognosis is commonly based on clinical
scores. The first disease specific prognostic score was proposed by Ranson in 1974, which later was complemented
by a number of pancreatitis specific and organ failure
scores, including Glasgow/Imrie (1984), Acute Physiology and Chronic Health Evaluation (APACHE) Ⅱ (1985),
Multiple Organ Dysfunction Score (1995), Sequential
Organ Failure Assessment (1998), Pancreatitis Outcome
Prediction (2007), Bedside Index of Severity in Acute
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Table 1 Pancreatitis prediction scores
Score
Course
Ranson, 1974
Glasgow/Imrie, 1984
APACHE Ⅱ, 1985
MODS, 1995
SOFA, 1996/1998
POP, 2007
BISAP, 2009

Sensitivity (%)
Necrosis
Mortality

84
70
70
73
76
83
38

77
82
63
69
51
33

Specificity (%)
Necrosis
Mortality

Course

100
89
100
89
87
78
57

90
83
72
81
69
71
92

88
73
69
74
95
91

77
70
66
90
90
86
88

Course
0.94
0.84
0.78
0.84
0.81
0.86
0.81

AUC
Necrosis
0.85
0.82
0.72
0.78
0.71
0.78

Mortality
0.95
0.80
0.90
0.93
0.93
0.89
0.82

APACHE: Acute Physiology and Chronic Health Evaluation; MODS: Multiple Organ Dysfunction Score; SOFA: Sequential Organ Failure Assessment; POP:
Pancreatitis Outcome Prediction; BISAP: Bedside Index of Severity in Acute Pancreatitis; AUC: Area under curve.

Table 2 Reviewer judgments of methodological quality of included human studies according to the Quality Assessment of Diagnostic
Accuracy Studies tool
Konturek

Leśniowski

Duarte-Rojo

Tukiainen

et al [35]

et al [36]

Sharma

Schäffler

Schäffler

Schäffler

et al [39]

et al [40]

No
Unclear
Yes
Yes
Unclear
No
Yes
Yes
No
No
Yes
Yes
Yes
Yes
8 yes

No
No
No
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
7 yes

Yes
No
No
Yes
No
No
Yes
No
No
No
No
Yes
Yes
Yes
6 yes

Yes
No
Yes
Yes
Yes
No
Yes
No
No
No
No
Yes
Yes
Yes
8 yes

No
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
9 yes

Yes
No
Yes
Yes
No
No
Yes
No
No
No
No
Yes
Yes
Yes
7 yes

Yes
No
Yes
Yes
No
No
Yes
Yes
No
No
No
Yes
Yes
Yes
8 yes

Yes
No
Yes
Yes
No
No
Yes
Yes
No
No
No
Yes
Yes
Yes
8 yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
Yes
Yes
11 yes

et al [30]

Patients spectrum
Selection criteria
Reference standart
Period between IT and RS
Verification
Same RS
RS independence on IT
IT replication
RS replication
IT interpretation
RS interpretation
Data in practice
Report
Withdrawals
Total

et al [33]

et al [34]

et al [37]

et al [38]

Daniel

IT: Index test; RS: Reference standart.

The aim of this study is to analyze and review the
available information about the prognostic value of adipokines in predicting the course of AP, development of
pancreatic and peripancreatic necrosis, infectious complications, need for interventional treatment, and fatal
outcome. The main objective of the study is to compare
the prognostic value of adipokines with already well
established single predictors and multifactorial scores in
the clinical context.

included in the analysis. Dual publications were excluded.
All identified papers (title, abstract and subsequently full
text) were independently evaluated by two investigators.
Only the papers that described the use of adipokines
for prediction of severity and/or complications of AP
were selected for further analysis. To be included in the
systematic review, each article had to contain information
about the levels of measured adipokines, diagnosis and
verification of AP, to specify presence of pancreatic necrosis, organ dysfunction and/or mortality rates. All disagreements were resolved by discussion with other two
investigators. From the very beginning study was carried
out adhering to the PRISMA checklist and flowchart for
systemic reviews.
To assess quality of all included human studies the
Quality Assessment of Diagnostic Accuracy Studies tool
was used[29]. Quality assessment was performed independently by three researches and all disagreements were
resolved by review and discussion with the fourth investigator. The result of the human studies quality assessment
is shown in Table 2. Based on the judges’ evaluation 8 of
9 studies got seven or more “yes”, so the overall quality
of included studies was good. However, all studies were
very different. Four of them analyzed only one adipo-

MATERIALS AND METHODS
We performed the search of PubMed database (service
of the United States National Library of Medicine that
includes citations from MEDLINE and other life science journals for biomedical articles) and the systemic
analysis of the literature for both experimental and human studies on prognostic value of adipokines in AP for
period 2002-2012. Keywords (keywords and textwords)
for the search were adipokines, adipocitokines, visfatin,
resistin, adiponectin, leptin, acute pancreatitis, pancreatic
necrosis, peripancreatic necrosis. Further we searched the
references of identified articles to find additional sources
of information. Only articles in English language were
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Records indentified
through database
search (n = 28)

Records removed
because of the
language (n = 1)

Records screened
(n = 27)

Records removed after
screened titles and
abstracts (n = 16)

Full text articles
assessed for eligibility
(n = 11)

Table 3 Summary of the experimental studies on the prognostic value of adipokines in rats
Study
Konturek et al[30]

Studies, included after
references search
(n = 1)

Yavuz et al[31]

Kerem et al[32]

Studies included into
analysis (n = 12)
Human studies
included into analysis
(n = 9)

Experimental studies
included into analysis
(n = 3)

Groups

n

Leptin, ng/mL

P value

AP
Controls
AP
CP
Controls
AEP
ANP
Controls

6-8
6-8
10
10
10
30
30
30

7.5 (4.3-18.4)
2.1 (1.0-11.8)
1.92 ± 0.1
1.86 ± 0.13
0.78 ± 0.12

P < 0.011

P < 0.001
P < 0.0012
P = 0.027 and P < 0.001

Figure 1 Selection of the studies for systematic review (PRISMA flowchart). Records identified through database search, n = 28.

AP: Acute pancreatitis; CP: Chronic pancreatitis; AEP: Acute edematous
pancreatitis; ANP: Acute necrotizing pancreatitis; CIP: Caerulein-induced
pancreatitis. 1The induction of CIP resulted in a significant increase of
plasma levels of leptin; 2At 12 h leptin levels in ANP was higher than in
controls, at 24 and 48 h leptin levels in AEP and ANP were higher than in
controls.

kine, two adipokines were analyzed in three studies, and
the remaining two studies analyzed three adipokines. In
two studies adipokines concentration was measured only
in control and AP groups, without distinction of mild
and severe acute pancreatitis.

mild acute pancreatitis (MAP) patients, so, they can serve
as a markers for the disease severity prediction. Resistin
and visfatin can also be used for pancreatic and parapancreatic necrosis prediction, interventions needs and possible, outcome.

Statistical analysis
Because of the high heterogeneity between the studies,
lack of the uniform diagnostic criteria and high variation of the assessed adipokines profile it was decided to
refrain from the statistical processing or meta-analysis of
the available data.

DISCUSSION
Human studies (Table 4) began in 2002, when Konturek
et al[30] found, that median plasma leptin levels in AP were
significantly increased as compared with controls. In 2007,
Leśniowski et al[33] found a significant differences between
resistin concentrations in AP and control groups.
In study of Duarte-Rojo et al[34] there was no significant independent association between leptin serum levels
and severity of AP or fatal outcome. The similar results
are published from Tukiainen et al[35]: on admission plasma leptin levels do not correlate with AP severity. This
study also did not confirm correlation between adiponectin levels and severity of AP. Despite of this, in 2009,
Sharma et al[36] has shown, that 1-3 d serum adiponectin
threshold of 4.5 μg/mL correctly classified the severity
of 81% of patients with AP. This threshold yielded a sensitivity of 70%, specificity 85%, positive predictive value
64%, negative predictive value 88% (AUC 75%).
Promising results are published from Schäffler et al[37-39]
group. They began their trial in 2006 and finished in 2011
with 41 SAP and 9 MAP patients. This study has shown,
that resistin and visfatin concentrations has significant
differences between MAP and SAP groups, they correlate
with severity of disease, need for interventions and outcome. Both adipokines are good markers for parapancreatic necrosis and the cut-off values of 11.9 ng/mL and 1.8
ng/mL respectively allow to predict the high ranges of radiological scores. These results are consistent with Daniel
et al[40] study in 2010, which demonstrates, that resistin and
visfatin may be possibly used for AP prognosis and disease
monitoring.
Although Schäffler group provides some cut-off values
of adipokines, which are associated with high radiological

RESULTS
Through database search 28 records were identified. After screening the titles and abstracts, 16 records were removed, because adipokines were not used for prediction
of the disease course. One record was removed because
of the language. In reference search one additional study
was found. So, nine human and three experimental studies were further analyzed (Figure 1).
All three experimental studies were performed on rats.
The only one adipokine leptin was analyzed. In all studies significant differences between leptin concentrations
in control and acute pancreatitis groups was found[30-32],
one study analyzed leptin concentrations in control, acute
edematous pancreatitis (AEP) and acute necrotizing pancreatitis (ANP). Significant difference at 12 h was found
between controls and ANP group. At 24 and 48 h significant difference was found between controls and both
AEP and ANP groups[32] (Table 3).
All nine human studies (Table 4) with adipokines are
very different in terms of methodology and objectives,
so it is difficult to generalize their results. It seems that
concentrations of the leptin and resistin increases significantly in patients with AP compared with controls.
Serum levels of adiponectin, visfatin and especially resitin
(positive correlation with APACHE Ⅱ, Ranson and CRP)
are significantly different in severe acute pancreatitis (SAP),

WJG|www.wjgnet.com

6623

December 7, 2012|Volume 18|Issue 45|

Karpavicius A et al . Adipokines and acute pancreatitis
Table 4 Summary of the human studies on the prognostic value of adipokines
Study

Patients and methods

Konturek et al[30]

Duarte-Rojo et al[34]

Tukiainen et al[35]

Schäffler et al[37]

Prospective observational study (n = 45)
Diagnosis of AP based on Atlanta criteria
Adipokines studied: leptin
Adipokines evaluated between 48-72 h of
illness onetime
AP (n = 15) vs controls (n = 30)
Prospective observational study (n = 52)
Diagnosis of AP based on typical clinical manifestations with at least a 3-fold
increase of serum amylase and/or lipase
Whenever uncertainty about diagnosis
existed, CT-scan was performed to confirm/rule out AP
Severe AP was considered when patients
developed one or more local or systemic
complications according to the Atlanta
classification of AP
Adipokines studied: leptin
Adipokines evaluated onetime during
the 1 d of hospital stay
MAP (n = 38) vs SAP (n = 14)
Prospective observational study (n = 24)
AP and SAP defined by Atlanta criteria
Adipokines studied: leptin, adiponectin
Adipokines evaluated on admission, on
days 2-4, and on days 5-7
MAP (n = 12) vs SAP (n = 12)
Pilot prospective observational study (n
= 23)
Diagnosis of AP was based on clinical,
laboratory and radiological findings during CT and/or ultrasound examination
Adipokines studied: leptin, adiponectin,
resistin
Adipokines evaluated daily for 10 d after
admission SAP (n = 20) vs MAP (n = 3)
and patients with high points vs low
points on radiological scores

Leśniowski et al[33] Prospective observational study (n = 79)
All AP was classified as grade B according to Balthazar CT score
Adipokines studied: adiponectin, resistin
Adipokines evaluated onetime during
the first day of hospitalization
AP (n = 39) vs controls (n = 40)
Sharma et al[36]

Prospective observational study (n = 60)
Diagnosis of AP based on Atlanta criteria
SAP was defined as the presence of
cardiovascular, pulmonary, and/or renal
system dysfunction during the initial
hospital admission during for at least 48 h
Adipokines studied: adiponectin
Adipokines evaluated on admission and
subsequently up to 30th hospital day
MAP (n = 27) vs SAP (n = 33)

WJG|www.wjgnet.com

Results

Conclusions

Leptin: AP/controls- 7.5 (4.3-18.4) ng/mL/2.1 (1.0-11.8) ng/mL

Median plasma leptin
levels in AP were significantly increased
as compared with
controls

There was no statistically significant association between leptin
serum levels and severity of AP
There was no difference in leptin measurements between patients
favorable and fatal outcomes (P = 0.34)
Time of evolution from onset of pain did not alter leptin values
There was a positive correlation of BMI and leptin (r = 0.476, P <
0.001) in the whole group
Predicted severity by modified Ranson’s criteria correlated with Atlanta criteria (r = 0.414, P = 0.002); however, it did not correlate with
leptin levels

Results do not support human leptin
as a major proinflammatory signal
involved in AP, nor
as a protective and
anti-inflammatory
mediator
It seems neither to
be the link between
obesity and a higher
rate of complications
in AP; nor a prognostic marker

In patients with SAP highest value of CRP was 349 mg/L (284-476
mg/L), with MAP 119 mg/L (11-367 mg/L)
Leptin on admission SAP/MAP [6.1 (1.6-72.9) ng/L]/[9.0(2.5-36 .5)
ng/L], (P > 0.05); on days 2-4, 7.7 (1.6-13.9) ng/L/3.8(1.6-12.9) ng/L,
(P > 0.05)
Adiponectin on admission SAP/MAP, [5642 (1201-19 400) ng/
L]/[6314 (1980-24 340) ng/L], (P > 0.05)
Balthazar score: 4 (1-5), Schroeder score: 5 (1-7), Necrosis score: 2(1-4)
Ranson: 3 (0-7), Apache II: 12 (4-37)
Resistin has a significant positive correlation with Ranson score (r=
0.6, P = 0.002) and with Apache II score (r = 0.5, P = 0.019)
Resistin: intervention group/no intervention, 32.4 ± 10.7 ng/L/15.8
± 5.1 ng/L, P = 0.026 Leptin and relative changes in leptin values
were positively and significantly correlated with CRP levels (r = 0.6,
P = 0.007 and P = 0.003, respectively)
Resistin cut-off value of > 9.2 ng/mL (10 d mean value) can provide
a PPV of 91.9% in predicting Schroder score of > 3 (specificity 85%,
sensitivity 75%, AUC 0.9, P < 0.0001)
Leptin cut-off value of 15.0 ng/mL can provide a PPV of 88% in predicting Schroder score of > 3 (specificity 85%, sensitivity 50%, AUC
0.72, P < 0.0001)
Day 1 resistin proved to predict a Schroder score > 3 with a PPV of
93.3%, cut-off 6.95 ng/mL, specificity 87.5%, sensitivity 93.3%; AUC
0.9, P = 0.002)
Resistin: AP/controls, 8.38 ± 4.87 ng/mL/3.58 ± 1.51 ng/mL, P < 0.05
Adiponectin: AP/controls, 119.38 ± 61.75 ng/mL/133.77 ± 55.38
ng/mL, P > 0.05
CRP: AP/controls, 23.21 ± 8.75 ng/mL/3.95 ± 1.06 mg/L, P < 0.01
Weak positive correlation between serum resistin and CRP was
observed (r = 0.57, P < 0.05)
No correlation between selected adipocytokines and BMI was noticed
Serum adiponectin levels from days 1 to 3 were significantly lower
for patients with SAP [median 3.74 (0.83-8.92) μg/L] than those with
MAP [6.58 (1.31-15.37) μg/L], P = 0.02
Serum adiponectin levels from days 4 to 7 were lower for patients
with SAP [median 4.53 (0.94-18.2) μg/L] than those with MAP [8.06
(2.11-17.72) μg/L], P = 0.01
1-3 d serum adiponectin threshold of 4.5 μg/mL correctly classified
the severity of 81% of patients with AP
This threshold yielded a sensitivity of 70%, specificity 85%, PPV 64%,
NPV 88%, AUC 0.75

Plasma levels of adiponectin and leptin
do not correlate with
AP severity on admission and during
the first week of the
disease
Serum adipokines
might be the new
useful early markers
of disease severity in
AP
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Serum concentrations
of resistin may possibly represent the
useful early marker
of inflammatory
response in AP

Serum adiponectin
levels are significantly lower in patients
with SAP than those
with MAP and could
serve as inverse
marker of systemic
inflammatory response to pancreatic
injury
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Daniel et al[40]

Prospective observational study (n = 62)
Diagnosis of AP was based on at least
threefold elevated serum amylase level,
as well as ultrasonography and CT
In all cases AP was classified as C according to Balthazar’s CT score and as severe
according to Ranson’s criteria (3 points)
Adipokines studied: resistin
Adipokines evaluated on 1, 2, 3 and 5 d
of hospitalization
SAP (n = 32) vs controls (n = 30)

Schäffler et al[38,39]

Prospective observational study (n = 50)
Diagnosis of AP was based on clinical,
laboratory and radiological findings during CT and/or ultrasound examination
All patients were divided into three
groups: first - with higher radiological score’s points, second - with lower
radiological score’s points and third - no
CT scan (mild pancreatitis)
Adipokines studied: leptin, adiponectin,
resistin, visfatin
Adipokines were measured daily from
admission till 10 d of hospital stay
SAP (n = 41) vs MAP (n = 9) and patients
with high points vs low points on radiological scores

On first day of observation , the median serum CRP level was 51.9
± 46.1 mg/L, significantly higher than in control group (3.44 ± 3.04
mg/L, P = 0.01), and further increased at third day of hospitalization (102.6 ± 55.1 mg/L, P < 0.05), slightly decreasing on fifth day of
hospitalization (78 ± 47.7 mg/L)
The values observed at third and fifth day of hospitalization were
significantly higher than in the control group (P < 0.001)
One day of admission and third day of the hospitalization the mean
serum resistin concentration was 12.9 ± 6.38 ng/mL and 17.4 ± 4.23
ng/mL, respectively
Both values were significantly higher than in the control group (4.06
± 2.63 ng/mL, P < 0.05)
At fifth day of hospitalization serum resistin concentration increase
further to 25.8 ± 8.14 ng/mL, which was significantly higher than at
first and third day (P < 0.05) of hospital stay
Significant correlation between CRP and resistin (r = 0.43, P < 0.05)
during the hospital stay was found
Balthazar score: 4.0 (1-5), Schroeder score: 4.5 (1-7), Necrosis score: 1.5
(1-4), Ranson: 3 (0-8), Apache II: 12 (0-45)
Admission resistin levels has positive an significant correlation with
Apache II score (r = 6, P < 0.001) and with Ranson score (r = 0.4, P =
0.013)
Admission resistin cut-off value of > 11.9 ng/mL can provide a PPV
of 89% in predicting Schroeder score of > 3 (specificity 80%, sensitivity 70%, AUC 0.8, P < 0.002)
Admission resistin cut-off value of > 11.9 ng/mL can serve as a positive predictor of a Balthazar score > 3 and Necrosis score > 2
Admission visfatin cut-off value of > 1.8 ng/mL can provide a PPV
of 93.3% in predicting Schroeder score of > 3 (specificity 81.8%,
sensitivity 93.3%, AUC 0.89, P < 0.001, likehood ratio 5.1, post-test
probability 93.0%)
Admission visfatin concentration can also predict Necrosis score > 2
(PPV 48.3, specificity 40.0%, sensitivity 93.8%, AUC 0.77, P < 0.004,
likehood ratio 1.5, post-test probability 70.0%) and Balthazar score >
3 (PPV 79.3, specificity 57.1%, sensitivity 88.9%, AUC 0.74, P < 0.011,
likehood ratio 2.1, post-test probability 55.0%)

Resistin may be useful early marker in
edematous form of
AP

Resistin and visfatin
levels are highly
elevated in patients
with SAP when
compared to patients
with MAP
Both adipokines
levels are positively
correlated with clinical severity, clinical
end points and needs
for interventions
A single measurement of serum resistin or visfatin on the
day of admission is a
highly significant and
positive predictive
marker in predicting peripancreatic
necrosis

AP: Acute pancreatitis; SAP: Severe acute pancreatitis; MAP: Mild acute pancreatitis; BMI: Body mass index; CRP: C-reactive protein; AUC: Area under
curve; PPV: Positive predictive value; NPV: Negative predictive value; CT: Computed tomography.

scores ranges, there is no precise cut-off values in order
to predict disease severity on admission, development of
pancreatic and parapancreatic necrosis, infectious complications, need for interventional treatment and fatal outcome. Therefore it is difficult to compare the prognostic
value of adipokines with other prognostic systems.
It is clear, that obesity complicates the course of acute
pancreatitis and it is associated with higher incidence of
local complications, organ failure and increased mortality risk[41,42]. Adipose tissue doesn’t accumulate contrast,
making it difficult to evaluate it’s necrosis on computed
tomography (CT) scans. Thus, adipokines could be a useful markers for adipose tissue necrosis. High levels of
adipokines could allow for prediction of a severe disease
course and outcome even in small pancreatic lesions on
CT scans, but further research is needed. Therefore, it
is appropriate to initiate a multicenter study, with a sufficient number of AP patients and controls. All patients
must be evaluated with the same clinical score, adipokines
should be investigated all at once and CT scans should be
standardized in time. We believe, that such a study could
provide a more definitive answer about the value of the

WJG|www.wjgnet.com

adipokines in predicting the course and the outcomes of
AP in a clinical setting.

COMMENTS
COMMENTS
Background

Acute pancreatitis (AP) is a common disease with a wide spectrum of severity.
The main problem remains, that neither prognostic scores nor single predictors
can’t accurately predict the disease course and severity, development of pancreatic or peripancreatic necrosis, and outcomes during the first hours or even days
of hospitalization. Therefore, there is a great stimulus for seeking new accurate
and easy to use predictors. Perhaps, the least studied group of predictors in AP
is adipokines. The aim of this study was to analyze the prognostic value of adipokines in predicting the course, complications and fatal outcome of AP.

Research frontiers

It is now widely accepted, that white adipose tissue is an active endocrine
organ, which is also involved in pathogenesis of AP. Peripancreatic fat cells
necrosis might cause a massive release of and adipokines, that possibly cause
multi-organ dysfunction and whole body metabolic changes. It is hypothesized
that the extent of peripancreatic fat-cell necrosis determines the severity of
pancreatitis, and an early increase of adipocyte-specific marker proteins might
serve as predictor of the clinical course.

Innovations and breakthroughs

It seems that concentrations of the leptin and resistin increases significantly in
patients with AP compared with controls. Serum levels of adiponectin, visfatin
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and especially resitin (positive correlation with Acute Physiology and Chronic
Health Evaluation Ⅱ, Ranson and C-reactive protein) are significantly different
in mild and severe AP patients, so, they can serve as a markers for the disease
severity prediction. Resistin and visfatin can also be used for pancreatic and
parapancreatic necrosis prediction, interventions needs and possible, outcome.

15

Adipokines could be a useful markers for adipose tissue necrosis. High levels of
adipokines could allow for prediction of a severe disease course and outcome
even in small pancreatic lesions on computed tomography scans, but further
research is needed.

16

Applications

Terminology

17

AP: Acute inflammatory process of the pancreas with variable involvement of
other regional tissues or remote organ systems; Mild AP: Associated with minimal organ dysfunction an uneventful recovery; Severe AP: Associated with organ failure and/or local complications such as necrosis, abscess or pseudocyst;
Adipokines: Cytokines secreted by adipose tissue.

18

Peer review

In the current review, the authors have presented the current knowledge on the
role of adipocytokines in predicting severity of AP. The search criteria were scientific and the data has been presented in an easily comprehensible manner.
19
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Trends in the eradication rates of Helicobacter pylori
infection for eleven years
Jai Hoon Yoon, Gwang Ho Baik, Kyoung Min Sohn, Dae Yong Kim, Yeon Soo Kim, Ki Tae Suk, Jin Bong Kim,
Dong Joon Kim, Jin Bae Kim, Woon Geon Shin, Hak Yang Kim, Il Hyun Baik, Hyun Joo Jang
ated 5746 patients diagnosed with gastric ulcers (GU),
duodenal ulcers (DU), GU + DU, or nonpeptic ulcers
associated with an H. pylori infection. We treated them
annually with the 2 wk standard first-line triple regimen,
proton pump inhibitor (PPI) + amoxicilin + clarithromycin (PAC; PPI, clarithromycin 500 mg, and amoxicillin 1
g, all twice a day). The follow-up test was performed at
least 4 wk after the completion of the 2 wk standard H.
pylori eradication using the PAC regimen. We also assessed the eradication rates of 1 wk second-line therapy
with a quadruple standard regimen (PPI b.i.d. , tripotassium dicitrate bismuthate 300 mg q.i.d. , metronidazole
500 mg t.i.d ., and tetracycline 500 mg q.i.d. ) after the
failure of the first-line therapy. Statistical analysis was
performed with 95%CI for the differences in the annual
eradication rates.
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RESULTS: A total of 5746 patients [2333 males (58.8%),
1636 females (41.2%); mean age of males vs females
51.31 ± 13.1 years vs 52.76 ± 13.6 years, P < 0.05,
total mean age 51.9 ± 13.3 years (mean ± SD)] were
investigated. Among these patients, 1674 patients
were excluded: 35 patients refused treatment; 18 patients ceased H. pylori eradication due to side effects;
1211 patients had inappropriate indications for H. pylori
eradication, having undergone stomach cancer operation or chemotherapy; and 410 patients did not undergo the follow-up. We also excluded 103 patients who
wanted to stop eradication treatment after only 1 wk
due to poor compliance or the side effects mentioned
above. Finally, we evaluated the annual eradication
success rates in a total of 3969 patients who received
2 wk first-line PAC therapy. The endoscopic and clinical
findings in patients who received the 2 wk PAC were as
follows: gastric ulcer in 855 (21.5%); duodenal ulcer in
878 (22.1%); gastric and duodenal ulcer in 124 (3.1%),
erosive, atrophic gastritis and functional dyspepsia in
2055 (51.8%); and other findings (e.g., MALToma, patients who wanted to receive the therapy even though
they had no abnormal endoscopic finding) in 57 (0.5%).

Abstract
AIM: To evaluate the trends in the eradication rate of

Helicobacter pylori (H. pylori ) over the past 11 years in
a single center.

METHODS: This retrospective study covered the period from January 2000 to December 2010. We evalu-
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over 7-d triple therapy in H. pylori eradication rates. In
recent years, a decrease in the eradication success rate of
1 wk of triple therapy has been reported due to antibiotic
resistance, especially to clarithromycin[6]. Although clarithromycin resistance is increasing year by year, the current
recommended first-line therapy for H. pylori infection is
PPI, amoxicillin, and clarithromycin for 7-14 d in Korea[7].
The aim of this retrospective observational study was
to investigate the trend in the 2 wk PPI-based standard
regimen, which included amoxicillin and clarithromycin,
under the unfavorable conditions of increasing antibiotic
resistance. In addition, we also studied the trend in the
eradication success rate of 1 wk second-line therapy that
consisted of bismuth-containing quadruple therapy including PPI, metronidazole, and tetracycline.

The overall eradication rate of the 2 wk standard firstline triple regimen was 86.5%. The annual eradication
rates from 2000 to 2010 were 86.7%, 85.4%, 86.5%,
83.3%, 89.9%, 90.5%, 88.4%, 84.5%, 89.1%, 85.8%,
and 88.3%, sequentially (P = 0.06). No definite evidence of a significant change in the eradication rate
was seen during the past eleven years. The eradication
rates of second-line therapy were 88.9%, 82.4%, 85%,
83.9%, 77.3%, 85.7%, 84.4%, 87.3%, 83.3%, 88.9%,
and 84% (P = 0.77). The overall eradication rate of 1
wk quadruple second-line therapy was 84.7%. There
was no significant difference in the eradication rate according to the H. pylori associated diseases.
CONCLUSION: This study showed that there was no
trend change in the H. pylori eradication rate over the
most recent 11 years in our institution.

MATERIALS AND METHODS

© 2012 Baishideng. All rights reserved.

Patients
We retrospectively investigated the annual H. pylori eradication success rate of patients who visited our hospital
from January 2000 to December 2010 and who had been
diagnosed as H. pylori-infected by at least one positive result from an H. pylori culture test, microscopy of a biopsy
specimen, or 13C-urea breath test. Patients were excluded
due to the following reasons: patient refusal of treatment,
abandonment of H. pylori eradication treatment, inappropriate indications for H. pylori eradication because of a
stomach cancer operation or chemotherapy, or follow-up
loss after H. pylori eradication treatment. We also excluded
patients receiving 1 wk PPI + amoxicilin + clarithromycin
treatment (PAC; PPI: omeprazole, lansoprazole, pantoprazole, rabeprazole, or esomeprazole, clarithromycin
500 mg, and amoxicillin 1 g, all twice a day) that exhibited poor compliance or adverse effects. We evaluated the
success rate of H. pylori eradication for all patients who
received the 2 wk, first-line standard H. pylori eradication
PAC regimen. We also evaluated the success rate of eradication of 1 wk bismuth-containing quadruple therapy
(PPI b.i.d, tripotassium dicitrate bismuthate 300 mg q.i.d.,
metronidazole 500 mg t.i.d., and tetracycline 500 mg q.i.d.)
of patients who failed H. pylori eradication treatment by
the standard PAC regimen. Among these, patients who
did not want treatment, patients who ceased H. pylori
eradication treatment, and patients lost to follow-up after
H. pylori eradication treatment were excluded. In the end,
we evaluated the success rate of H. pylori eradication for
a total of 399 patients who received a 1 wk, second-line
bismuth-containing quadruple therapy H. pylori eradication regimen. This study was approved by the institutional
review board of Hallym University Chuncheon Hospital.

Key words: Helicobacter pylori ; Eradication; Proton
pump inhibitor; Therapy; Clarithromycin
Peer reviewers: Dr. Shahab Abid, Associate Professor, De-

partment of Medicine, Aga Khan University, Stadium Road, PO
Box 3500, Karachi 74800, Pakistan; Francesco Luzza, Professor, MD, Department of Clinical and Experimental Medicine,
University of Catanzaro “Magna Graecia”, Campus Universitario di Germaneto, Viale Europa, 88100 Catanzaro, Italy
Yoon JH, Baik GH, Sohn KM, Kim DY, Kim YS, Suk KT, Kim
JB, Kim DJ, Kim JB, Shin WG, Kim HY, Baik IH, Jang HJ.
Trends in the eradication rates of Helicobacter pylori infection
for eleven years. World J Gastroenterol 2012; 18(45): 6628-6634
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i45/6628.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i45.6628

INTRODUCTION
Helicobacter pylori (H. pylori) has been one of the most common human infections worldwide and is associated with
a number of gastrointestinal diseases, including chronic
gastritis, peptic ulcer disease, and gastric malignancy[1]. In
multicenter studies, it has been shown that triple therapy
with a proton pump inhibitor (PPI), clarithromycin
500 mg and either amoxicillin 1000 mg or metronidazole
500 mg, all taken twice daily, is one of the most effective
treatments for H. pylori eradication[2]. However, there is no
consensus on the length of treatment among the various
management guidelines, including the Asia-Pacific consensus guideline[3] and the consensus statements from North
America[4] and Europe[5]. European guidelines recommend 1 wk of treatment, whereas in the United States, it
is recommended that the triple standard regimen be given
for 10-14 d. The second Asia-Pacific consensus guideline
recommends a 7-14 d standard regimen; however, it mentions that 14 d triple therapy confers a limited advantage

WJG|www.wjgnet.com

Diagnosis of H. pylori infection and assessment of
H. pylori eradication
H. pylori infection was defined according to at least one
of the following three tests: (1) a positive rapid urease test
(CLO test, Delta West, Bentley, Australia) by gastric mucosal biopsy from the lesser curvature of the mid-antrum or
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Patients who were diagnosed H. pylori by biopsy,
CLO, and urea breath test (n = 5746)
January 1, 2000-December 31, 2010
Exclusion
Patients who did not want to treat (n = 35)
Patients who ceased H. pylori eradication treatment (n = 18)
1
Inappropriate indication for H. pylori eradication (n = 1211)
Follow up loss after H. pylori eradication treatment (n = 410)
Patients who underwent first-line H. pylori eradication treatment by standard regimen: PAC (n = 4072)

Exclusion
Patients treated with 1 wk PAC due to poor compliance or adverse
effect (n = 103)

We evaluated success rate of H. pylori eradication for patients who underwent 2 wk, first-line H. pylori eradication
using standard regimen: PAC (n = 3969)

Patients who failed H. pylori eradication treatment by standard regimen PAC (n = 555)

Exclusion
Patients who did not want treat (n = 23)
Patients who ceased H. pylori eradication treatment (n = 43)
Follow up loss after H. pylori eradication treatment (n = 90)

We evaluated success rate of H. pylori eradication for patients who underwent 1 wk, second-line H. pylori eradication
standard regimen: PBMT (n = 399)

Figure 1 Flow of the study. 1Inappropriate indications for Helicobacter pylori (H. pylori) eradication: Stomach cancer operation or chemotherapy. PAC: Proton pump
inhibitor b.i.d. + amoxicillin 1 g b.i.d. + clarithromycin 500 mg; PBMT: Proton pump inhibitor b.i.d + tripotassium dicitrate bismuthate 300 mg q.i.d. + metronidazole 500
mg t.i.d. + tetracycline 500 mg q.i.d.

mid-body; (2) histological evidence of H. pylori by modified Giemsa staining in the lesser and greater curvature of
the mid-antrum or mid-body, respectively; or (3) a positive
C-urea breath test. H. pylori eradication was defined as a
negative 13C-urea breath test or a combination of the rapid
urease test, Giemsa staining, and culture when followup endoscopy was necessary. The follow-up test was
performed at least 4 wk after the completion of the 2 wk
standard H. pylori eradication using the PAC regimen.

males (41.2%); mean age of males vs females 51.31 ± 13.1
years vs 52.76 ± 13.6 years, P < 0.05, total mean age 51.9
± 13.3 years (mean ± SD)] were retrospectively investigated for the period of January 2000 to December 2010
in this study. The retrospective assessment flow is summarized in Figure 1. Among these patients, 1674 patients
were excluded: 35 patients refused treatment; 18 patients
ceased H. pylori eradication treatment due to side effects,
such as abdominal discomfort, diarrhea, taste disturbance,
or nausea; 1211 patients had inappropriate indications for
H. pylori eradication therapy, having undergone a stomach
cancer operation or chemotherapy; and 410 patients did
not undergo the follow-up assessment for H. pylori eradication after the 2 wk PAC treatment. We also excluded
103 patients who wanted to stop the eradication treatment after only 1 wk due to poor compliance or the side
effects mentioned above. Finally, we evaluated the annual
eradication success rates in a total of 3969 patients who
received 2 wk PAC therapy. Demographic characteristics
are summarized in Table 1. Of the patients included in
the study, 735 (18.5%) were current smokers, and 28.7%

Statistical analysis
Statistical analysis was performed with 95%CI for the differences in the annual eradication rates from January 2000
to December 2010. Continuous variables were analyzed
by Student’s t test, and categorical variables, by the χ 2 test
or Fisher’s exact test. A P value of < 0.05 was considered
to be statistically significant.

RESULTS
A total of 5746 patients [2333 males (58.8%), 1636 fe-
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Table 1 Baseline characteristics of the Helicobacter pylori
eradication population

80

Data n (%)

Eradication (%)

Baseline characteristics
Sex
Male
Female
Age (yr, mean ± SD)
Current smoker
Alcohol intake
Endoscopic and clinical diagnosis
GU
DU
GU + DU
Non-ulcer dyspepsia1
Other2

90

2333 (58.8)
1636 (41.2)
51.9 ± 13.3
735 (18.5)
1140 (28.7)

60
50
40
30
20
10

855 (21.5)
878 (22.1)
124 (3.1)
2055 (51.8)
57 (1.4)

0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 t /yr

Figure 2 Efficacy of 2 wk first-line (a dotted line) proton pump inhibitor
b.i.d. + amoxicillin 1 g b.i.d. + clarithromycin 500 mg and 1 wk second-line
(a solid line) bismuth-containing quadruple therapy for the eradication of
Helicobacter pylori by year.

1

Functional dyspepsia, erosive gastritis, atrophic gastritis; 2Gastric cancer,
MALToma. GU: Gastric ulcers; DU: Duodenal ulcers.

were alcohol drinkers. Endoscopic and clinical findings
in patients who received the 2 wk PAC were as follows:
gastric ulcer in 855 (21.5%); duodenal ulcer in 878 (22.1%);
gastric and duodenal ulcer in 124 (3.1%), erosive, atrophic gastritis and functional dyspepsia in 2055 (51.8%),
and other findings (e.g., MALToma, patients who wanted
to receive the therapy even though they had no abnormal
endoscopic finding) in 57 (1.4%). When endoscopy is not
indicated, C13 urea breath tests (3030, 76.3%), biopsies
(22, 0.6%), and CLO test (503, 12.7%) are accepted to
determine the outcome of H. pylori eradication therapy.
In some cases, biopsy + CLO test (329, 8.2%) or CLO
test + C13 urea breath test was used for the diagnosis of H.
pylori eradication therapy. Successful eradication rates for
each year were follows: 2000, 86.7%; 2001, 85.4%; 2002,
86.5%; 2003, 83.3%; 2004, 89.9%; 2005, 90.5%; 2006,
88.4%; 2007, 84.5%; 2008, 89.1%; 2009, 85.8%; and 2010,
88.3% (P = 0.06). Figure 2 summarizes the annual eradication rates year by year from 2000 to 2010. The overall
eradication rate was 86.5%, that is, 3435 of 3969 patients
who received the 2 wk PAC (95%CI: 85.4% to 87.6%).
The P value was 0.09. The annual eradication rates of the
2 wk PAC regimen revealed a relatively constant rate over
the years. According to endoscopic and clinical findings,
the eradication rates were not significantly different by
year. We also investigated the eradication rates of 1 wk
bismuth-containing quadruple therapy for 555 patients
who failed the H. pylori eradication treatment using the 2
wk PAC therapy. Among the 555 patients, 156 patients
were excluded for the following reasons: 23 patients declined treatment, 43 patients ceased H .pylori eradication
treatment due to poor compliance or side effects such as
diarrhea, nausea, vomiting, or stool color change, and 90
patients were lost to follow-up after H. pylori eradication
treatment. Finally, we found the rates of successful eradication in 399 patients who received 1 wk bismuth-containing quadruple second-line therapy for each year to be
as follows: 2000, 88.9%; 2001, 82.4%; 2002, 85.0%; 2003,
83.9%; 2004, 77.3%; 2005, 85.7%; 2006, 84.4%; 2007,
87.3%; 2008, 83.3%; 2009, 88.9%; and 2010, 84.0% (P =
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0.77). Figure 2 summarizes the annual eradication rates
year by year from 2000 to 2010. The overall eradication
rate was 84.7%, and the rate among those who received 1
wk second-line therapy was 338 of 399 patients (95%CI:
80.9% to 87.9%). The P value was 0.07. The annual eradication rates of the 1 wk second-line therapy revealed a
relatively constant rate over the years.

DISCUSSION
The PAC regimen is one of the most widely used therapies for the first-line treatment of H. pylori infection. A
recent study reported the eradication rate of H. pylori
with one wk standard triple therapy to be 75% in Korea[8]. There is still no general consensus regarding the
optimal duration of triple therapy for H. pylori eradication, as mentioned above. A recent large, multicenter,
double-blind, randomized study concluded that the 1 wk
and 2 wk standard triple regimens for H. pylori eradication are similar in terms of efficacy, safety, and patient
compliance[9]. Two meta-analyses have reported that 2 wk
triple therapy achieves considerably better results than
1 wk therapy[10,11]. Recently, many studies have reported
that the efficacy of the standard triple regimen has decreased[12-14] because of the increased antibiotic resistance
rate; that is, the standard triple regimen of PPI, amoxicillin, and clarithromycin administered to patients infected
with the clarithromycin-resistant strain was not successful[15]. Although the general consensus is that a 1 wk PAC
is preferable, we have treated patients infected by H. pylori
with the 2 wk PAC to overcome increasing antibiotic
resistance. Our data on the 2 wk PAC regimen shows a
relatively constant rate over the year from 2000 to 2010.
A recent chronological analysis of the results of metaanalyses performed between 1998 and 2010 showed that
first-line standard triple regimens achieved eradication
rates of around only 80% (intention-to-treat)[16]. Given
that the overall eradication rate in this study was 86.5%
(3435 of 3969 patients who received the 2 wk PAC), we
concluded that the 2 wk PAC regimen had an accept-
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others have not[29,30]. We previously reported that 1 wk
bismuth-containing quadruple therapy can be as an effective as 2 wk therapy after the failure of the first-line
eradication therapy. In this study, the eradication rates of
1 wk bismuth-containing quadruple therapy have no significant differences from the consecutive, annual eradication rates, in spite of increasing metronidazole resistance
in Korea. Therefore, although 1 wk bismuth-containing
quadruple therapy is not effective up to more than 90%
yet, we concluded that 1 wk bismuth-containing quadruple therapy can be used to treat patients who failed the
first H. pylori eradication. To raise the eradication rate of
H. pylori, when the clarithromycin resistance rate is higher
than 20%, it is recommended that drug sensitivity tests be
carried out prior to eradication[5]. However, there are several limitations to performing a culture before the firstline treatment for H. pylori infection. Cultures are expensive, owing to the costs of the endoscopic procedures,
and they are time-consuming. Therefore, cultures are not
always available on a routine basis. Until now, cultures for
H. pylori have mainly been used to perform epidemiological and pharmacologic research. Because extending the
duration of the first line PAC regimen from 1 wk to 2 wk
may improve the efficacy of the H. pylori eradication rate,
the 2 wk PAC regimen is preferable for treating H. pylori.
However, this study does have limitations. One is that it
is a retrospective, observational study. Therefore, there
was some bias, such as an uneven diagnostic method for
the determination of the outcome of H. pylori eradication
therapy in each year. The other endoscopic findings were
not even taken in each year. Additionally, we could not
obtain the data on antibiotic resistance including amoxicillin, clarithromycin, metronitazole, and tetracyclin in accordance with the eradication rate.
In conclusion, we show the efficacy of a 2 wk PAC
regimen and 1 wk bismuth-containing quadruple therapy
has not changed across the 2000 to 2010 period in South
Korea. The efficacy of 2 wk PAC and 1 wk quadruple second line therapy is by no means acceptable and satisfactory.

able efficacy for H. pylori eradication. Many investigators
have commented that the decreasing eradication rate using standard triple therapy is due to increasing antibiotic
resistance. However, a number of factors, including resistance, which varies widely, influence the success of antibiotic regimens. The resistance rates of antibiotics that
are widely used in eradication therapy, including amoxicillin and tetracyclines, are relatively lower than clarithromycin and metronidazol[15]. Therefore, the true challenge for
clinical practice lies mainly in resistance to metronidazole
or clarithromycin. In Korea, the rates of resistance to
clarithromycin and metronidazole were reported from
1.6% up to 29.7% and from 35.7% up to 49.6 % from
1996 to 2006, respectively[17]. This is a major factor in the
reduced effectiveness of triple regimens containing clarithromycin[18]. Clarithromycin must bind to ribosomes to
kill H pylori. Resistance is associated with failure to bind
to ribosomes, such that resistance cannot be overcome
by increasing the dose or duration[15]. However, patients
do not always have perfect compliance. Because H. pylori
treatment failures may also occur independently of resistance, that is, treatment may fail but the organism remains
susceptible to the antibiotic[19], we concluded that the 2
wk standard PAC regimen may be fit for use in eradicating H. pylori. Bacteria oscillate between a phenotypically
resistant and a phenotypically susceptible state, during
which they can be eradicated. To extend the duration of
treatment such that the antibiotic will be present during
at least one period of susceptibility may be an alternative
option to overcome antibiotic resistance[20]. Consistent
with the results from Korea in this study, several authors
have reported an increasing trend in clarithromycin resistance rates in other areas, such as the United States[21],
Turkey[22], etc. Nevertheless, exceptional cases where clarithromycin resistance rates have remained stable have
also been reported[23]. These results strongly suggest that
there is an institutional and geographical difference in the
antibiotic resistance of H. pylori. This fact and our results
in this study suggest that the 2 wk PAC regimen may be
effective in eradicating H. pylori in some countries or limited geographical areas. In a recent review, the eradication
rates of quadruple therapy were 75%-95%[24]. In Korea,
where the resistance to metronidazole is high, the eradication rates of second line quadruple therapy have been
reported to be 54.5%-76.7% and 70.4%-83.9% in intention to treat and per protocol analysis[25,26], respectively,
based on studies in which the therapeutic durations varied from 7 to 14 d. Metronidazole is a prodrug that is activated by H. pylori enzymes to become active within the
cell. There are a number of different enzyme pathways
that can accomplish this task, and clinically, by increasing the dose and duration, it is possible to overcome, at
least partially, metronidazole resistance[2,27]. Thus, there
is the possibility that quadruple therapy might be more
effective with after a treatment duration of longer than
1 wk. However, some studies have shown the benefit of
eradication with prolonged treatment durations[28], while
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In recent years, a decrease in the eradication success rate of 1 wk of triple therapy has been reported due to antibiotic resistance, especially to clarithromycin.
Although clarithromycin resistance is increasing year by year, the currently recommended first-line therapy for Helicobacter pylori (H. pylori) infection is proton
pump inhibitor (PPI), amoxicillin, and clarithromycin for 7-14 d in South Korea.
This retrospective, observational study intended to investigate the trend in the 2
wk PPI-based standard regimen including amoxicillin and clarithromycin under
the unfavorable conditions of increasing antibiotic resistance.
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The overall eradication rate of the 2 wk standard first-line triple regimen from
2000 to 2010 was 86.5%. No definite evidence of a significant change in the
eradication rate was seen during the past eleven years. The overall eradication
rate of 1 wk bismuth-containing quadruple, second-line therapy from 2000 to
2010 was 84.7%. The annual eradication rates of the 1 wk second-line therapy
revealed a relatively constant rate over the year.
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regimen and 1 wk bismuth-containing quadruple therapy did not change over the
period from 2000 to 2010 in South Korea. The efficacy of the 2 wk PAC and 1 wk
quadruple second line therapy is by no means acceptable and satisfactory.
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Authors conclude that the 2 wk standard PAC regimen may be fit for use in
eradicating H. pylori. Bacteria oscillate between a phenotypically resistant and
a phenotypically susceptible state, during which they can be eradicated. To
extend the duration of treatment such that the antibiotic will be present during
at least one period of susceptibility may be an alternative option to overcome
antibiotic resistance.
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In this study, the authors retrospectively evaluated the eradication rate of H. pylori
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December 2010. In 3969 patients who received a two weeks standard firstline triple therapy, an overall eradication rate of 86.5% has been found, with no
significant (P = 0.09) difference in the annual eradication rate during the eleven
years. Furthermore, in the 399 patients who failed H. pylori eradication and
received a 1-wk second-line therapy, an overall eradication rate of 84.7% has
been found, with a relatively constant rate over the years. The authors conclude
that there was no trend of change in the H. pylori eradication rate over the last
11 years in their institution and that a 2-wk first-line and a 1-wk second-line
therapy can still be used in Korea.
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UGT1A1 predicts outcome in colorectal cancer treated with
irinotecan and fluorouracil
Yan Wang, Lin Shen, Nong Xu, Jin-Wan Wang, Shun-Chang Jiao, Ze-Yuan Liu, Jian-Ming Xu
line therapy for 138 Chinese mCRC patients. Genomic
DNA was extracted from peripheral blood samples before treatment. UGT1A1 and TS gene polymorphisms
were determined by direct sequencing and restriction
fragment length polymorphism, respectively. Gene polymorphisms of UGT1A1*28, UGT1A1*6 and promoter
enhancer region of TS were analyzed. The relationship
between genetic polymorphisms and clinical outcome,
that is, response, toxicity and survival were assessed.
Pharmacokinetic analyses were performed in a subgroup
patients based on different UGT1A1 genotypes. Plasma
concentration of irinotecan and its active metabolite
SN-38 and inactive metabolite SN-38G were determined
by high performance liquid chromatography. Differences
in irinotecan and its metabolites between UGT1A1 gene
variants were compared.
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RESULTS: One hundred and eight patients received
the FOLFIRI regimen, 29 the IFL regimen, and one irinotecan monotherapy. One hundred and thirty patients
were eligible for toxicity and 111 for efficacy evaluation. One hundred and thirty-six patients were tested
for UGT1A1*28 and *6 genotypes and 125 for promoter enhancer region of TS. Patients showed a higher
frequency of wild-type UGT1A1*28 (TA6/6) compared
with a Caucasian population (69.9% vs 45.2%). No significant difference was found between response rates
and UGT1A1 genotype, although wild-type showed
lower response rates compared with other variants
(17.9% vs 24.2% for UGT1A1*28, 15.7% vs 26.8% for
UGT1A1*6). When TS was considered, the subgroup
with homozygous UGT1A1*28 (TA7/7) and non-3RG
genotypes showed the highest response rate (33.3%),
while wild-type UGT1A1*28 (TA6/6) with non-3RG only
had a 13.6% response rate, but no significant difference was found. Logistic regression showed treatment
duration was closely linked to clinical response. In toxicity comparison, UGT1A1*28 TA6/6 was associated
with lower incidence of grade 2-4 diarrhea (27.8% vs
100%), and significantly reduced the risk of grade 4
neutropenia compared with TA7/7 (7.8% vs 37.5%).

Abstract
AIM: To evaluate effects of UDP-glucuronosyltransferase1A1 (UGT1A1 ) and thymidylate synthetase (TS ) gene
polymorphisms on irinotecan in metastatic colorectal
cancer (mCRC).
METHODS: Two irinotecan- and fluorouracil-based
regimens, FOLFIRI and IFL, were selected as second-
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incidence of late diarrhea in our patients treated with irinotecan compared to that in the Caucasian population[1,2].
However, the role of UGT1A in clinical response to irinotecan- and 5-fluorouracil (5-FU)-based treatment, nondiarrhea toxicities and prognosis remains unclear. In addition, thymidylate synthetase (TS), the enzyme targeted by
5-FU, deserves more attention because most patients that
receive irinotecan are treated with irinotecan and 5-FU in
combination.
UGT1A polymorphisms have become the focus of
irinotecan pharmacokinetics and toxicity research because they are involved in metabolism of cytotoxic SN-38
(an active metabolite of irinotecan) to inactive SN-38
glucuronide (SN-38G) (Figure 1). Di Paolo et al[3] have
demonstrated that UGT1A1 polymorphisms are closely
correlated with glucuronidation rates, and patients with
higher concentration of SN-38G are less susceptible to
irinotecan-induced toxicity. Although, several clinical trials
have confirmed that patients carrying different genotypes
of UGT1A1 had varied degrees of tolerance to irinotecan, it is still unclear whether UGT1A1 has any influence
on treatment efficacy. Three studies tested if UGT1A1
isoforms had any impact on treatment outcome, however,
their conclusions were inconsistent[4-6].
Irinotecan is often combined with 5-FU in mCRC
treatment, therefore, 5-FU should be taken into consideration for response and toxicity evaluation as well. In
vivo, the active metabolite of 5-FU inhibits TS activity by
forming complexes with TS and 5, 10-methylene-tetrahydrofolate (Figure 1)[7]. Evidence supports the determinant
role of TS promoter region polymorphism in 5-FU treatment efficacy and tolerance[8,9]. Given higher accuracy and
consistency in testing polymorphisms, tremendous efforts
have been put into using TS polymorphism as a genetic
marker for predicting clinical response, toxicity and prognosis in mCRC patients treated with 5-FU[10-13].
This study aimed to evaluate the effects of UGT1A1/
TS polymorphisms in Chinese mCRC patients treated
with irinotecan and fluorouracil including toxicity and
clinical outcome.

Wild-type UGT1A1*6 (G/G) tended to have a lower incidence of grade 3/4 diarrhea vs homozygous mutant
(A/A) genotype (13.0% vs 40.0%). Taking UGT1A1 and
TS genotypes together, lower incidence of grade 2-4
diarrhea was found in patients with non-3RG TS genotypes, when TA6/6 was compared with TA7/7 (35.3%
vs 100.0%). No significant association with time to progression (TTP) and overall survival (OS) was observed
with either UGT1A1 or TS gene polymorphisms, although slightly longer TTP and OS were found with UGT1A1*28 (TA6/6). Irinotecan PK was investigated in 34
patients, which showed high area under concentration
curve (AUC) of irinotecan and SN-38, but low AUC ratio
(SN-38G / SN-38) in those patients with UGT1A1*28
TA7/7.
CONCLUSION: A distinct distribution pattern of UGT1A1 genotypes in Chinese patients might contribute

to relatively low toxicity associated with irinotecan and
5-fluorouracil in mCRC patients.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS

INTRODUCTION

Drug administration
Two regimens were selected for this study: (1) FOLFIRI:
irinotecan (Camptosar; Pfizer, United States) 180 mg/m2
90-min i.v. infusion on day 1; leucovorin 200 mg/m2 i.v.
infusion on days 1 and 2; followed on days 1 and 2 by
5-FU 400 mg/m2 i.v. bolus, then 600 mg/m2 i.v. over 22
h continuous infusion; repeated every 2 wk; (2) IFL: irinotecan 125 mg/m2 as a 90-min i.v. infusion on days 1, 8,
15 and 22; leucovorin 20 mg/m2 i.v. infusion on days 1,
8, 15 and 22; 5-FU 500 mg/m2 i.v. bolus on days 1, 8, 15
and 22; every 6 wk.

The current management of metastatic colorectal cancer
(mCRC) uses fluorouracil-based regimens in combination
with either oxaliplatin or irinotecan. These regimens mainly differ in their toxicity profiles with neutropenia and late
diarrhea being associated with irinotecan-based therapy
versus neurotoxicity with oxaliplatin-based treatment.
In our previous studies on the relationship of UDPglucuronosyltransferase1A1 (UGT1A1) polymorphisms
and irinotecan-related diarrhea, we found that UGT1A1*28
genotype was significantly associated with the occurrence
of diarrhea, while the polymorphisms of UGT1A7 and
UGT1A9 variants were found to be unrelated. Mutated
UGT1A1*28 genotype was seen infrequently in the Chinese population, therefore, this might explain the lower
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Patient eligibility
The criteria for inclusion were: at least 18 years old; histologically confirmed mCRC; failed or intolerant to oxalipl-
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A

B

CPT-11

5-FU

CES
UGT1A1
SN-38

FdUMP

SN-38G

MTHF
TS
TOP1

dUMP

dTMP

Restriction fragment length polymorphism testing for
promoter enhancer region of TS
Promoter enhancer region of 2R or 3R and G>C SNP in
3R were selected for testing. PCR-based restriction fragment
length polymorphism was applied to detect these variants.
The PCR conditions were same as described above with
sense primer of 5’-GTGGCTCCTGCGTTTCCCCC-3’
and antisense primer of 5’-GCTCCGAGCCGGCCACAGGCATGGCGCGG-3’. The PCR profile included initial 15
cycles with annealing temperature at 63 ℃, and another 30
cycles with annealing temperature at 62 ℃. The PCR products were electrophoresized in 3% agarose gel to differentiate 215-bp 2R genotype and 243-bp 3R genotype. 3R gene
polymorphism was detected via electrophoresis after enzyme
digestion. After HaeⅢ treatment, 3RG genotype was separated to fragments of 66, 47, 45, 44, 28 and 13 bp, whereas
3RC genotype was separated to fragments of 94, 47, 45, 44
and 13 bp. The 20-μL reaction system contained 1 μL Hae
Ⅲ Takara), 2 μL 10 × M buffer, 17 μL purified PCR products for 37 ℃ overnight incubation.

atin-based regimens; the Eastern Cooperative Oncology
Group (ECOG) performance status 0-2; no chemotherapy at least 4 wk before study enrollment; life expectancy >
3 mo; neutrophil count ≥ 1.5 × 109/L, platelet count ≥
8 × 1010/L, serum creatinine ≤ 1.25 upper limit normal
(ULN), total bilirubin ≤ 1.25 ULN, alanine aminotransferase and aspartate aminotransferase ≤ 2.5 ULN (≤ 5
ULN with liver metastasis); normal electrocardiogram.
Written informed consent was required and the study was
performed in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines. All patients’
information and samples were collected from trial participating centers.
Evaluation of response and toxicity
Tumor response was assessed by RECIST 1.0[14] based
on the results of computed tomography. Time to progression (TTP) was defined as the time from the start
of treatment to the date of progression. Overall survival
(OS) was defined as the time from the start of the treatment to the date of death. Toxicity was assessed according to the NCI-CTC 3.0[15].

Pharmacokinetics study
Five-milliliter heparinized blood samples were collected
before administration of irinotecan, 1 and 1.5 h during
infusion, and 0.25, 0.5, 1, 2, 4, 6, 8, 12, 24, 36, 48, 60
and 72 h after termination of infusion. Plasma samples
were obtained by 3000 r/min centrifugation for 10 min
and kept at -40 ℃. The concentrations of the drug and
its metabolites were determined by high performance
liquid chromatography with postcolumn fluorescence
derivatization (HPLC-FLD). Two hundred microliters
plasma was added to 50 μL 1 ng/mL camptothecin, 150
μL methanol, and 200 μL acetonitrile, and vortexed for 2
min. The mixture was then centrifuged at 15 000 r/min
for 10 min. Supernatant (200 μL) was placed with 100 μL
1 mol/L HCl before HPLC analysis. Agilent 1100 chromatographic system consisted of quaternary pumps, an
automatic sample injection system, fluorescence detector,
and Znertsil ODS-C18 Column. The mobile phases were
eluted through the column and contained acetonitrilesterile water (75:75 by volume) and phosphate buffer at
pH 4. Irinotecan was kindly donated by Pfizer and camptothecin was provided by National Institute for the Control of Pharmaceutical and Biological Products. SN-38
was synthesized by Shanghai Zhangjiang Biochemical

Genomic DNA extraction, polymerase chain reaction
and genotyping assay
Two-milliliter peripheral blood samples were collected
before starting treatment and frozen at -20 ℃. Genomic
DNA was extracted from these samples using the Peripheral Blood Extraction Kit (Tiangen, China). The
fragments of UGT1A1*28 and UGT1A1*6 were amplified by polymerase chain reaction (PCR). The Primer 5.0
software was used to design the sense primer (5’-GCCAGTTCAACTGTTGTTGC-3’) and antisense primer
(5’-GTCCGTCAGCATGACATCAA-3’). Each 25-μL
PCR reaction mixture included 5 ng DNA template, 1
mmol/L dNTPs, 0.4 mmol/L MgSO 4, 0.25 μ mol/L
primers, 0.5 U KOD-plus polymerase (TOYOBO, Japan)
and 10 × KOD plus buffer. The PCR profile included 2.5
min denaturation at 94 ℃, 35 cycles of 30 s at 94 ℃, 60
s at 57 ℃, 60 s at 68 ℃, with a final 7-min extension at
68 ℃. The PCR products were sequenced by ABI-3730
DNA analyzer and all single-nucleotide polymorphisms
(SNPs) were analyzed by Polyphred 5.04 with additional
manual proofreading.
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Figure 1 Schematic diagram of UDP-glucuronosyltransferase1A1 and thymidylate synthetase. A: UDP-glucuronosyltransferase1A1
(UGT1A1) is the main enzyme involved in the
glucuronidation of SN-38 (SN-38G). Singlenucleotide polymorphisms (SNPs) of UGT1A1
are the key factor in irinotecan metabolism; B:
Thymidylate synthetase (TS) is the main target
of 5-fluorouracil (5-FU). The ternary complex
of TS, active metabolite of 5-FU (FdUMP) and
methyl-tetra-hydrofolic acid (MTHF) inhibits DNA
synthesis. SNP of TS affects the expression of
enzyme and 5-FU efficacy. CES: Carboxylesterases; TOP1: Topoisomerase-1.
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Table 1 Association of UDP-glucuronosyltransferase1A1 and
thymidylate synthetase genotypes with tumor response

Table 2 Association of UDP-glucuronosyltransferase1A1 in
combination with thymidylate synthetase genotypes with tumor response

Tumor response

Genotypes
UGT1A1*28
TA 6/6
TA 6/7, TA 7/7
UGT1A1*6
G/G
G/A, A/A
TS promotor
3RG/3RG
3RG/3RC, 3RG/2RG
3RC/3RC, 3RC/2RG, 2RG/2RG

n (%)

P value1

14 (17.9)
8 (24.2)

0.446

11 (15.7)
11 (26.8)

0.217

3 (17.6)
5 (23.8)
12 (19.4)

0.880

TS promoter
3RG/3RC,
3RC/3RC, 3RC/2RG,
3RG/2RG
2RG/2RG

TA6/6
TA6/7
TA7/7

4/13 (30.8)
1/6 (16.7)
0/2 (0)

2/11 (18.1)
1/4 (25)
0/2 (0)

6/44 (13.6)
5/15 (33.3)
1/3 (33.3)

Tumor response including complete and partial response, 111 patients
were assessable for tumor response, no significant difference was found
(Fisher’s exact test). UGT1A1: UDP-glucuronosyltransferase1A1; TS: Thymidylate synthetase.

1

Fisher’s exact test for all genotypes. Tumor response including complete
and partial response, 111 patients were assessable for tumor response.
UGT1A1: UDP-glucuronosyltransferase1A1; TS: Thymidylate synthetase.

(95%CI: 13.7%-29.9%) and 10.9% grade 3/4 late diarrhea (95%CI: 4.8%-16.9%).
UGT1A1 and TS polymorphisms correlation with clinical
response
We tested UGT1A1 genotypes in 136 patients and TS
promoter enhancer region in 125 (Figure 2). We observed
that the response rates of UGT1A1*28 alleles TA6/6 and
TA6/7 + TA7/7 were 17.9% and 24.2%, respectively, and
those of UGT1A1*6 alleles G/G and G/A + A/A were
15.7% and 26.8%, respectively, without statistical significance observed.
Based on mRNA transcriptional activity, TS was categorized into 3RG/3RG homozygous group with highest activity, 3RG heterozygous group (3RG/3RC and
3RG/2RG) with median activity, and non-3RG group
(3RC/3RC, 3RC/2RG and 2RG/2RG) with lowest activity. Although not statistically significant, 3RG/3RG homozygous group was found with lowest response rate (17.6%)
(Table 1). Taking UGT1A1 and TS genotypes together,
the subgroup with TA7/7 and non-3RG genotypes
showed the highest response rate of 33.3%. Furthermore,
under the same non-3RG background, no significant difference in response rate was found between TA6/6 and
TA7/7 (13.6% vs 33.3%, P = 0.154) (Table 2). A multivariate logistic regression model was fitted to our data. The
covariates included: chemotherapy regimen, treatment
duration, ECOG performance status, sex, age, UGT1A1
genotypes, and TS promoter enhancer region, but only
treatment duration (odds ratio 1.268, 95%CI: 1.027-1.565,
P = 0.027) was closely linked to clinical response.

Company. Blank human plasma was obtained from Blood
bank of 307 Hospital. The lowest limit of quantification
of irinotecan, SN-38 and SN-38G were 50 ng/mL, 1.25
ng/mL and 5 ng/mL, respectively, with within-day and
between-day imprecision < 15%. Cmax and Tmax were observed values. AUC0→t was acquired by linear trapezoidal
approximation. AUC0→∞ = AUC0→t + Ct/ke.
Statistical analysis
The χ 2 test was used to determine if the allele frequencies were matched to Hardy-Weinberg equilibrium. Associations between genotypes, clinical response and toxicity in Chinese and Caucasian populations were assessed
by using Fisher’s exact test and Cochran-Armitage trend
test. Kaplan-Meier estimates and the log-rank test were
used in TTP and OS analysis. Cox regression and logistic
regression models were examined in multivariate analysis
with and without time variables, respectively. The linkage
between genotypes and pharmacokinetic parameters was
analyzed by Mann-Whitney U and Kruskal-Wallis tests.
Two-sided tests were used to determine statistically significant P values (P < 0.05) using SPSS 13.0 software.

RESULTS
Between September 2005 and April 2009, 138 mCRC patients were enrolled. Of these, 130 patients were eligible
for toxicity evaluation and 111 qualified for treatment efficacy evaluation. Of 138 patients, 108 received the FOLFIRI regimen, 29 the IFL regimen, and one irinotecan
monotherapy. The median age of patients was 52 years
(range: 26-81 years) with 63% being male. One hundred
and eleven patients were followed until cancer progression or death. The overall response rate (complete + partial response) was 19.5%. The median TTP was 5.6 mo
(95%CI: 3.9-7.3) and the median OS was 17 mo (95%CI:
11.9-22.1). The incidence of grade 3/4 neutropenia was
29.5%, and 17.4% participants developed grade 3/4 late
diarrhea. However, the incidences in the FOLFIRI regimen were decreased, with 21.8% grade 3/4 neutropenia
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UGT1A1*28 3RG/3RG

UGT1A1 polymorphisms correlation with toxicity
The enzyme activities of UGT1A1*28 alleles from highest to lowest were TA6/6, TA6/7 and TA7/7. TA7/7
showed the highest incidence of grade 2-4 late diarrhea
(P < 0.0005). Compared with TA6/6, the risk ratio of
TA6/7 and TA7/7 was 2.6 (95%CI: 1.20-5.63). Although
not statistically significant, a trend of higher incidence of
grade 3/4 diarrhea was observed in patients with lower
activity genotypes. A similar finding was obtained in the
UGT1A1*6 study. G/G with the highest activity was associated with lowest incidence of grade 3/4 diarrhea (trend
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Figure 2 Analysis of UDP-glucuronosyltransferase1A1*28 and *6 by DNA sequencing and thymidylate synthetase by restriction fragment length polymorphism. A: 211G>A of UDP-glucuronosyltransferase1A1 (UGT1A1)*6; B: (TA) nTAA variant of UGT1A1*28; C: Polymerase chain reaction-based restriction fragment
length polymorphism for 2R or 3R and G>C single-nucleotide polymorphism in 3R located in the 5’-UTR region of the thymidylate synthetase gene.

test P = 0.057). Compared with G/G, the risk ratio of
grade 3/4 diarrhea in patients with G/A and A/A was 2.18
(95%CI: 0.87-5.42) (Table 3). In addition, UGT1A1*28
showed a similar correlation pattern with neutropenia.
Grade 4 neutropenia was dominantly observed in TA7/7
patients (P = 0.043, trend test, P = 0.017). Compared with
TA6/6, the risk ratio of grade 3/4 neutropenia in patients
carrying TA6/7 and TA7/7 was 1.75 (95%CI: 0.79-3.88).
By contrast, no association between UGT1A1*6 and
grade 3/4 neutropenia was found (Table 3). Among three
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TS groups, homozygous 3RG/3RG showed least incidence of grade 3/4 late diarrhea (15.8%) and neutropenia
(26.3%), although not significantly different from the
other two groups (P > 0.05). Further subgroup analysis of
non-3RG TS genotypes found that patients with TA6/6
were less prone to grade 2-4 late diarrhea than TA7/7
(35.3% vs 100.0%, P = 0.019). Meanwhile, a trend of
lower incidence of grade 3/4 neutropenia was observed
in patients with TA6/6, although the association was not
statistically significant (29.4% vs 50.0%, P = 0.582).
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Table 3 Association of UDP-glucuronosyltransferase1A1 genotypes with toxicity
Delayed diarrhea
Grades 2-4

Genotypes

n (%)
UGT1A1*28
TA 6/6
TA 6/7
TA 7/7
UGT1A1*6
G/G
A/G
A/A

25 (27.8)
2 (37.5)
8 (100)
24 (31.2)
19 (39.6)
2 (40)

P value1 P value2
< 0.0005 < 0.0005

0.564

Neutropenia
Grades 3/4

0.346

n (%)

Grades 3/4

P value1 P value2

Grade 4

P value1 P value2

n (%)

P value1 P value2

n (%)

14 (15.6)
6 (18.8)
3 (37.5)

0.228

0.178

23 (25.6)
10 (31.3)
5 (62.5)

0.088

0.055

7 (7.8)
2 (6.3)
3 (37.5)

0.043

0.017

10 (13)
11 (22.9)
2 (40)

0.12

0.057

23 (29.9)
14 (29.2)
1 (20)

1

0.748

8 (10.4)
4 (8.3)
0 (0)

0.857

0.473

1

Fisher’s exact test for all genotype; 2Exact test of Cochran-Armitage trend test across genotypes. Toxicity grade by National Cancer Institute Common Toxicity Criteria version 3.0. A total of 130 patients were assessable for toxicity. Significant differences were found on grades 2-4 delayed diarrhea and grade 4
neutropenia for UGT1A1*28 genotypes. UGT1A1: UDP-glucuronosyltransferase1A1.
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1.0
UGT1A1*28
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0.8

Median 95%CI
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B 1.0

UGT1A1*28
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TA6/7, TA7/7

0.8

0.6

Median
95%CI
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14.90
7.58-22.22
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0.6

0.4

0.4

0.2
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0.0
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Figure 3 Time to progression and overall survival according to UDP-glucuronosyltransferase1A1*28 genotypes. A: Time to progression (TTP): Patients with
TA6/6 were 5.97 (95%CI: 3.85-8.09), patients with TA6/7 and TA7/7 were 4.00 (95%CI: 1.15-6.85), P = 0.154; B: Overall survival (OS): Patients with TA6/6 were 18.00
(95%CI: 10.77-25.23), patients with TA6/7 and TA7/7 were 14.90 (95%CI: 7.58-22.22), P = 0.444. No significant difference was found between TA6/6 (wild type) and
mutated genotypes. UGT1A1: UDP-glucuronosyltransferase1A1.

UGT1A1 polymorphisms correlation with TTP and OS
In 111 patients available for survival outcome analysis, no
significant association with TTP and OS was observed
with either UGT1A1*28 or UGT1A1*6, although slightly
longer TTP and OS were found with UGT1A1*28
(TA6/6) (Figure 3). An additional study of 108 patients
on TS revealed that there was no significant association
between TS genotype and TTP/OS.
We further examined if the length of treatment duration was related to genotype. Patients with UGT1A1*28
(TA6/6) had a relatively longer treatment time compared
with TA6/7 + TA7/7 genotype; near to statistical significance [9.57 ± 6.82 wk (range: 2-32 wk) vs 6.76 ± 5.05 wk
(range: 1-19 wk), P = 0.078]. Although the 3RG homozygous group had longer treatment duration, it failed to display a significant correlation [3RG vs non-3RG, 9.03 ± 6.78
wk (range: 1-23 wk) vs 8.55 ± 6.16 wk (range: 2-32 wk), P
= 0.895]. The longest TTP (6.9 mo) and OS (20 mo) were
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found in the subgroup with TA6/6 and 3RG genotypes,
but the differences were still insignificant compared with
other subgroups (P = 0.46 and 0.37, respectively). Independent variables that might affect OS were tested via Cox
regression model analysis. These variables were ECOG
performance status, age, sex, chemotherapy regimen,
UGT1A1 and TS polymorphisms. Only chemotherapy
regimen and ECOG were independent prognostic factors
affecting OS. Higher ECOG score increased the death
risk > 3 times [hazard ratio (HR): 3.325, 95 CI: 1.913-5.777,
P < 0.0005). Compared with IFL, FOLFIRI showed a
69% decline in death risk (HR: 0.312, 95%CI: 0.132-0.738,
P = 0.008). For TTP, the Cox model suggested that chemotherapy regimen and sex were independent prognostic
factors. Treatment with FOLFIRI lowered the risk of disease progression by 78% (HR: 0.217, 95%CI: 0.104-0.451,
P < 0.0005). Female sex reduced the progression risk to
60% (HR: 0.608, 95%CI: 0.387-0.968, P = 0.036).
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Table 4 Association between UDP-glucuronosyltransferase1A1 genotypes and pharmacokinetics parameters
AUC CPT-11

Genotype
UGT1A1*28
TA6/6
TA6/7
TA7/7
UGT1A1*6
G/G
G/A
UGT1A1*28+*6
TA6/6 + G/G
TA6/7 + G/G, TA6/6 + G/A
TA7/7 + G/G TA6/7+ G/A
UGT1A1*28
TA6/6, TA6/7
TA7/7
UGT1A1*28+*6
TA6/6 + G/G, TA6/7 + G/G, TA6/6 + G/A
TA7/7 + G/G, TA6/7 + G/A

AUC SN-38

AUC SN-38G

AUC SN-38G/AUC SN-38 ratio

Median

P value

Median

P value

Median

P value

Median

P value

5554.57
6919.11
9049.03

0.1631

176.40
213.25
390.00

0.1491

582.14
591.86
584.63

0.9881

3.178
3.330
1.488

0.1581

5811.73
6582.17

0.9532

189.62
231.50

0.3202

529.96
679.17

0.2342

2.924
3.759

0.5912

5297.41
6649.50
6213.46

0.2821

169.62
217.87
297.89

0.0841

529.96
679.17
584.63

0.3861

2.924
3.680
1.488

0.1881

6030.13
9049.03

0.8842

191.92
390.00

0.0672

582.14
584.63

1.0002

3.177
1.488

0.0572

6030.13
6213.46

0.7482

183.37
297.89

0.0612

582.14
584.63

0.9152

3.177
1.488

0.0782

Kruskal-Wallis test; 2Mann-Whitney U test. 34 patients were assessable for pharmacokinetics parameters. CPT-11: Irinotecan; UGT1A1: UDP-glucuronosyltransferase1A1; AUC: Area under concentration curve.
1
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TA6/6

TA6/7
UGT1A1*28

TA7/7

TA6/6 + G/G TA6/7 + G/G, TA6/6 + G/A TA6/7 + G/A, TA7/7 + G/G
UGT1A1*28 + UGT1A1*6

Figure 4 Area under concentration curve ratios of SN-38G/SN-38 comparison according to UDP-glucuronosyltransferase1A1*28 genotypes and UDPglucuronosyltransferase1A1*28 + *6 group. A: Area under concentration curve (AUC) ratios comparison by UDP-glucuronosyltransferase1A1 (UGT1A1)*28: The
AUC ratio of TA7/7 was less than half of the TA6/6 ratio (1.488 vs 3.178, P = 0.158); B: AUC ratios comparison by UGT1A1*28 + *6 group: Lower AUC ratio was found
in the double mutation group (TA6/7 + G/A and TA7/7 + G/G), compared with the other two groups [wild type or single mutation group (1.488 vs 3.177, P = 0.078)].

UGT1A1*28 and UGT1A1*6 correlation with pharmacokinetics
Thirty-four patients were enrolled in a pharmacokinetics
study. Among UGT1A1*28 alleles, there were 22 with
TA6/6, 10 with TA6/7, and two with TA7/7. Among
UGT1A1*6 alleles, there were 25 with G/G and nine
with G/A. Among them, two participants were found
with a double heterozygous genetic profile; TA6/7 + G/
A. The pharmacokinetic parameters showed that the area
under concentration curve (AUC) values of irinotecan
and SN-38 had an increasing trend among UGT1A1*28
alleles, and TA7/7 appeared to have the highest AUC values, although the AUC values of SN-38G in these three
alleles showed no significant difference. Another indicator of SN-38 metabolic rate, the AUC ratio of SN-38G
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to SN-38 demonstrated that, compared with the other
two alleles, the AUC ratio of TA7/7 was lower and close
to statistical significance (P = 0.057). Due to no A/A allele being identified in UGT1A1*6, we were unable to
study the effect of A/A on AUC. The combinations of
UGT1A1*28 and UGT1A1*6 were divided into three
groups: group 1 with wild type (TA6/6 + G/G); group 2
with one- mutated site variants (TA6/6 + G/A, TA6/7
+ G/G); and group 3 with two-mutated site variants
(TA6/7 + G/A, TA7/7 + G/A, TA7/7 + G/G). The
higher AUC values of irinotecan and SN-38 and lower
AUC ratio were found in group 3, and compared with
the other two groups, the difference was near to statistical
significance (P = 0.061 and 0.078, respectively) (Table 4).
The plot of AUC ratios (Figure 4) clearly illustrated that
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toxicity[23,24]. We introduced TS polymorphism into treatment outcome and toxicity evaluation of irinotecan/5FU chemotherapy and found that patients carrying UGT1A1*28 (TA6/6) and 3RG/3RG seemed to experience
mild toxicity, but relatively low tumor response. Similar
to UGT1A1*28, the OS of patients with 3RG/3RG was
extended because therapy was well tolerated and its duration was prolonged. However, these observed differences
did not reach statistical significance. We conjectured that
the differences of treatment response and toxicity between TS genotypes could be narrowed by the synergistic
effect of 5-FU combined with irinotecan regimen.
Unfortunately, the combination of two genetic markers was unable to increase the predictive accuracy. In our
study, blood samples were used for polymorphism testing.
Possibly, examining TS polymorphism and expression
level in tumor tissues might yield more convincing data.
The in vivo metabolism of irinotecan is complicated.
Our data showed that the plasma concentrations of irinotecan and its metabolites varied significantly in each patient.
These variations are strongly related to the polymorphisms
of many metabolic enzymes and transport proteins. We
found that the AUC values of irinotecan and SN-38 were
gradually elevated from TA6/6 to TA7/7, whereas the
AUC ratios of SN-38G/SN-38 were decreased from
TA6/6 to T7/7 (P = 0.057). A similar trend was found for
UGT1A1*6. If UGT1A1*28 and UGT1A1*6 were taken
together, the AUC ratios of group 1 (wild type), group 2
(one-mutated site) and group 3 (two mutated sites) were
shifted from the highest to the lowest. Clearly, both alleles
had effects on irinotecan metabolism.
Toffoli et al[5] concluded that for Caucasians, UGT1A1*28 not only affected irinotecan-related toxicity, but
also changed the drug metabolic rate. On the contrary,
reports from Asia suggested that UGT1A1*6 was involved in irinotecan pharmacokinetics and toxicity. Han
et al[21] discovered that few UGT1A1*28 variants were
found in the Korean population, while more UGT1A1*6
variants were observed. They claimed that the role of
UGT1A1*28 in predicating irinotecan pharmacokinetics
and toxicity could be replaced by UGT1A1*6 for Koreans. The research from Jada et al[24] also downplayed the
role of UGT1A1*28 in the irinotecan metabolic pathway.
However, Minami et al[20] contradicted this hypothesis by
showing that both UGT1A1*28 and UGT1A1*6 were involved in irinotecan pharmacokinetics. Thus, for the Japanese population, the homozygous (UGT1A1*28/*28 and
UGT1A1*6/*6) and the heterozygous (UGT1A1*6/*28)
reduced the AUC ratios of SN-38G/SN-38. Our data
favored Minami’s conclusion that both UGT1A1*28 and
UGT1A1*6 participated in glucuronidation.
Derived from the AUC ratios of UGT1A1*28 and UGT1A1*6 variants, we estimated that genetic alterations
could inactive the metabolic efficiency of SN-38 by 50%.
Therefore we recommend a 50% dose reduction of irinotecan to treat group 3 patients with double-site mutations.
Minami et al[20] described that the ratio of SN-38 AUC to
irinotecan dose was 2.4 in group 3, while the ratio was 1.4

group 3 had lower AUC ratio than the other two groups.
Regarding UGT1A1*28, the AUC ratio of TA7/7 was
less than half of the TA6/6 ratio (1.488 vs 3.178, P =
0.158).

DISCUSSION
Many western studies on the relationship of UGT1A
polymorphisms and irinotecan toxicity and response have
suggested that UGT1A1*28 is significantly associated
with irinotecan-induced toxicity[16-18]. In particular, patients
bearing UGT1A1*28 (TA7/7) have a high possibility to
experience severe neutropenia and diarrhea. Based on
this, a warning is labeled on irinotecan that patients with
UGT1A1*28 (TA7/7) should start with a reduced dose of
irinotecan, although the details of how to adjust the dose
have not been specified[19]. By contrast, research in Asian
countries has shown a lower incidence of UGT1A1*28
(TA7/7), while UGT1A1*6 (A/A) is more often found
and may replace UGT1A1*28 as a key regulator in UGT1A1 expression[20-22].
Our early studies have found that few carrying UGT1A1*28 (TA7/7) might be the reason that less than expected diarrhea was observed in Chinese patients treated
with irinotecan-based chemotherapy. Nevertheless, other
UGT1A members, such as UGT1A1*6, UGT1A7*3 and
UGT1A9*1 have a trend towards a high incidence of toxicity, and this association is racially different[1]. Although,
recent data have implicated that UGT1A7 and UGT1A9
might be useful in predicting irinotecan-related toxicity[7],
it might not be applicable for Asian patients because UGT1A1*6 is highly linked with UGT1A7 and UGT1A9 in
the Asian population. In addition, Fujita et al[4] and Toffoli
et al[5] have proposed that the homozygous UGTlAl*28
(TA7/7) is a predictive marker for better treatment outcome and longer survival time. The results of our study
confirmed that only 6.6% of Chinese patients had UGT1A1*28 (TA7/7), whereas a higher frequency of TA6/6
was identified compared with that in Caucasians (69.9%
vs 45.2%, P = 0.002). The allele distribution difference
might account for lower incidence of severe late diarrhea
and grade 3/4 neutropenia in Chinese patients treated
with irinotecan. At the same time, we discovered that the
association between UGT1A1*6 and grade 3/4 late diarrhea was close to statistically significance. Furthermore,
we did not find that treatment efficacy was discounted by
either UGT1A1*28 or UGT1A1*6 variants. Besides that,
multivariate logistic regression analysis failed to show that
UGT1A1/TS polymorphisms and chemotherapy regimen had any effect on clinical response, but indicated
that longer treatment time increased response rate by
26%. No OS benefit was obtained in patients with high
incidence of toxicity. This could be caused by shorter
treatment duration due to drug intolerance.
Several studies have indicated that TS polymorphism
is associated with 5-FU toxicity and prognosis. Although
the results are inconclusive, it is well accepted that the
allele 3RG/3RG is correlated with long OS and low

WJG|www.wjgnet.com

6642

December 7, 2012|Volume 18|Issue 45|

Wang Y et al . UGT1A1 predicts outcome in CRC
Therefore, the authors recommend a 50% dose reduction of irinotecan to treat
patients with double-site mutations.

in group 1. Based on their findings, it would be rational
to lower the initial dose of irinotecan by 50% for group
3 patients. Another study by Innocenti et al[25] investigated
the association between the pharmacokinetics of UGT1A1*28 variants and neutropenia. They recommended
that a 20% decrease in drug dose should be considered in
patients with UGT1A1*28 (TA7/7).
To date, no clinical trial has used genotypes for determining the proper dose for initial irinotecan-based
therapy. We recommend a 50% dose reduction of irinotecan for patients with double-site mutations to avoid
severe toxicity, and ensure better efficacy with sufficient
treatment given. However, accurate dose modification
for patients with different UGT1A1 genotype is difficult.
The limitations of our pharmacokinetics study were lack
of UGT1A1*6 A/A information and small sample size.
A large-scale prospective trial focused on dose modification of irinotecan will be our next work.

Applications

To date, no clinical trial has used genotypes for determining the proper dose for
initial irinotecan-based therapy. The authors recommend a 50% dose reduction
of irinotecan for patients with double-site mutations to avoid severe toxicity, and
ensure better efficacy with sufficient treatment given. However, accurate dose
modification for patients with different UGT1A1 genotypes is difficult. A large-scale
prospective trial focusing on dose modification of irinotecan will be next work.

Peer review

Polymorphisms predict response and toxicity in patients with metastatic CRC
treated with irinotecan and 5-FU. This study is interesting, and the manuscript
is worthy of publication.
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BRIEF ARTICLE

Safety of lamivudine treatment for chronic hepatitis B in
early pregnancy
Wei Yi, Min Liu, Hao-Dong Cai
RESULTS: Among the 92 pregnant women, spontaneous abortions occurred in 11 cases, while 3 mothers
had a second pregnancy after the initial abortion; 72
mothers delivered 73 live infants, of whom 68 infants were followed up for no less than 6 mo, and 12
mothers were still pregnant. During pregnancy, the
main maternal adverse events were vaginitis (12/72,
16.7%), spontaneous abortion (11/95, 11.6%), and
gestational diabetes (6/72, 8.3%); only one case had
1-2 degree elevation of the creatine kinase level (195
U/L). During the perinatal period, the main maternal
adverse events were premature rupture of the membranes (8/72, 11.1%), preterm delivery (5/72, 6.9%),
and meconium staining of the amniotic fluid (4/72,
5.6%). In addition, 2 infants were found to have congenital abnormalities; 1 had a scalp hemangioma that
did not change in size until 7 mo, and the other had
early cerebral palsy, but with rehabilitation training,
the infant’s motor functions became totally normal at 2
years of age. The incidence of adverse events among
the mothers or abnormalities in the infants was not
higher than that of normal mothers or HBV-infected
mothers who did not receive lamivudine treatment.
In only 2 cases, mother-to-infant transmission blocking failed; the blocking rate was 97.1% (66/68), which
was higher than has been previously reported.
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Abstract
AIM: To evaluate the safety of lamivudine (LAM) treatment for chronic hepatitis B in early pregnancy.
METHODS: A total of 92 pregnant women who received LAM treatment either before pregnancy or in
early pregnancy were enrolled in this study. All of the
pregnant women volunteered to take lamivudine during pregnancy and were not co-infected with hepatitis
C virus, human immunodeﬁciency virus, cytomegalovirus, or other viruses. All infants received passiveactive immunoprophylaxis with 200 IU hepatitis B
immunoglobulin and three doses of 10 μg hepatitis B
vaccines (0-1-6 mo) according to the guidelines for
the prevention and treatment of chronic hepatitis B.
Adverse events were observed throughout the entire
pregnancy and perinatal period, and the effectiveness
of lamivudine treatment for blocking mother-to-infant
transmission of hepatitis B virus (HBV) was evaluated.
All adverse events in mothers and infants during pregnancy and the perinatal period and the HBV motherto-infant transmission blocking rate were compared
with the literature.
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CONCLUSION: Lamivudine treatment is safe for chronic HBV-infected pregnant mothers and their fetuses with
a gestational age of less than 12 wk or throughout the
entire pregnancy.
© 2012 Baishideng. All rights reserved.
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pregnancy to prevent embryonic neural tube defects.
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Methods
All participants undertook routine screening tests, and
additionally liver function and HBV serology (HBV
markers and HBV DNA) were measured every 12 wk.
All adverse events that occurred during pregnancy and all
neonatal abnormalities were recorded. The rate of blocking vertical transmission of HBV was also determined.
All infants received passive-active immunoprophylaxis with 200 IU hepatitis B immunoglobulin (HBIG)
and three doses of 10 µg hepatitis B vaccines (0-1-6 mo)
according to the guidelines for the prevention and treatment of chronic hepatitis B[7]. One month later, after all
vaccinations (7-8 mo), liver function and HBV serology
were measured again to evaluate the blocking rate. All
infants underwent routine physical examination, hearing
screening, and tests for congenital phenylketonuria and
hypothyroidism. All neonatal abnormities were observed
for up to 2 years.

INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a global health
problem; about two billion people have a past or present
HBV infection, of whom 350 million are chronic HBV
carriers. Each year, about one million people die of liver
failure, cirrhosis, or primary hepatocellular carcinoma, all
of which are associated with HBV infection. Lamivudine
(LAM) is the first approved oral nucleoside analog (NA)
used to treat HBV infection (100 mg/d), and the appearance of LAM marked a new era in the treatment of
chronic HBV infection. However, treatment duration is
very long, and some patients may become pregnant during that time. Although some studies have previously reported on the safety of LAM treatment for chronic HBV
infection in late pregnancy[1-3], there are very few reports
about the safety of LAM treatment in early pregnancy[4-6].
The objective of this study was to evaluate the safety of
LAM treatment for chronic hepatitis B in early pregnancy
or throughout the entire pregnancy, to provide information about how to block mother-to-infant transmission
of HBV in chronic HBV-infected fertile women.

Laboratory tests
Liver function and HBV serology were tested in the hospital’s clinical laboratory. HBV DNA was detected with
an HBV real-time PCR amplification kit from Kehua
Biological Company (Shanghai, China), which can detect
HBV DNA at levels as low as 500 copies/mL. HBV
markers were detected by enzyme-linked immunosorbent assay kits (Abbot Labs, North Chicago, IL, United
States) on an ARCHITECT i2000 automatic immunoassay analyzer (Abbott) according to the manufacturer’s
instructions. Hearing screening was performed with the
ECHO-SCREEN from Madsen Company (Germering,
Germany). Heel blood was taken on filter paper from
the infants after 72 h of breastfeeding, and specimens
were sent to the Beijing Neonatal Diseases Screening
Center to rule out congenital phenylketonuria and hypothyroidism.

MATERIALS AND METHODS
Patients
All patients were chronic HBV-infected fertile women
from our outpatient department who either intended
to become pregnant or were already in early pregnancy
(with a gestational age of less than 12 wk). Three groups
of patients were considered: (1) those who were on NA
treatment and could not stop treatment; (2) those who
had never taken any NA treatment, with alanine aminotransferase (ALT) > 2 times the upper limit of normal
(ULN) for the reference range, HBV DNA > 1 × 105
copies/mL, but failed the traditional liver protection
and enzyme reducing treatment; and (3) those who had
received NA treatment, but later had virological breakthrough and liver function rebound without LAM drugresistance. If patients from the above groups planned
to become pregnant or had an accidental pregnancy and
agreed to LAM treatment after thorough communication
and consideration, they were included in this study after
providing their written, informed consent.
All participants took screening tests before or in early
pregnancy to rule out infection with hepatitis C virus,
hepatitis delta virus, human immunodeﬁciency virus
(HIV), syphilis, toxoplasmosis, rubella, cytomegalovirus,
and herpes simplex. In this way, these tests helped to
exclude any potentially hereditary diseases and any other
diseases that needed to be treated. Furthermore, all participants routinely took folic acid before or during early
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RESULTS
Mothers' basic information
From January 1, 2007 to December 31, 2011, 92 HBVinfected women took LAM treatment before or during
early pregnancy. Of these, one mother underwent in vitro
fertilization with the transfer technique and later delivered
twin infants. By the end of 20 wk’ gestational age, 11 fetuses aborted, and 3 mothers had a second pregnancy after initial abortion. Ultimately, 72 mothers delivered 73 live
infants, of whom 68 infants were followed-up for more
than 6 mo, 47 were followed-up for more than 1 year, and
16 were followed-up for more than 2 years. At the end of
follow-up, 12 mothers were still pregnant (Figure 1).
Table 1 summarizes the clinical information for the
mothers who chose lamivudine treatment before or in
early pregnancy, including their demographic characteristics, HBV infection status, and treatment history. All
participants were chronic hepatitis B patients, except
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12
12 mothers
mothers were
were
still pregnant
pregnant
still
92 mothers took
LAM treatment
in early pregnancy

72 mothers
delivered
73 infants

68 infants
followed up
> 6 mo

47 infants
followed up
> 1 yr

16 infants
followed up
> 2 yr

Figure 1 Basic information of mothers and
follow-up times for mothers and infants.
LAM: Lamivudine.

11 mothers had spontaneous
abortions or stillbirths

3 mothers had
second pregnancy

riage disappeared following aggressive treatment; 11 had
developmental arrest or natural abortion, with an abortion rate of 11.6%. Ultimately, 72 mothers delivered 73
live infants; 3 had developmental retardation monitored
with ultrasound but development later normalized after
improving the mothers’ nutritional status and intravenous
hydration. There were no other fetal developmental abnormalities reported and no stillbirths.

Table 1 Clinical information of mothers who took lamivudine
treatment before or during early pregnancy n (%)
Treated population (n = 92)
Average age (yr)
Primipara
Cirrhosis
HBeAg positivity rate
HBV DNA > 105 copies/mL
in early pregnancy
Treatment before pregnancy
Naive
LAM
ADV
LAM→ADV
ETV
ETV→ADV
IFN + LdT

30.5 ± 3.1
88 (95.7)
2 (2.2)
74 (80.4)
16 (17.4)

Monitoring mothers during pregnancy and the perinatal period: All maternal adverse events and laboratory
abnormalities during pregnancy and the perinatal period
are summarized in Table 2. The top 3 adverse events
for mothers during pregnancy were vaginitis (16.7%),
gestational diabetes (8.3%), and arrhythmia or abnormal
electrocardiogram (5.6%). Only one case had 1-2 degree
elevation of the creatine kinase (CK) level (195 U/L),
and none of the other adverse events could be associated with LAM treatment. Abnormal ALT levels (≥ 2 ×
ULN) occurred in 16 cases (22.2%). Of these, 15 cases
were in naïve patients without previous antiviral treatment who took LAM treatment only due to abnormal
liver function in early pregnancy. The other case stopped
LAM treatment before pregnancy and later developed
severe hepatitis in early pregnancy, after which LAM was
restarted, and her ALT level soon became normal, with
her HBV DNA below 500 copies/mL.
However, another patient who took LAM treatment
in early pregnancy decreased her HBV DNA by only
1.32 log in 12 wk, after which she was switched to LdT
treatment from week 26. In addition, 6 cases had HBV
DNA breakthrough with a LAM resistance rate of 8.3%;
of these, 3 cases had HBV DNA rebound to above 106
copies/mL, and ADV was added from week 28. For the
other 3 cases, ADV was added postpartum. The top 3
adverse events for mothers during the perinatal period
were premature rupture of the membranes (11.1%), preterm delivery (6.9%), and meconium staining of the amniotic fluid (5.6%). There were no cases of postpartum
hemorrhage or perinatal mortality. In addition, HBV
DNA was monitored in mothers antepartum, and 63
cases (87.5%) had HBV DNA below 500 copies/mL.

15 (16.3)
41 (44.6)
28 (30.4)
3 (3.3)
2 (2.2)
1 (1.1)
2 (2.2)

LAM: Lamivudine; ADV: Adefovir dipivoxil; ETV: Entecavir; LdT: Telbivudine; IFN: Interferon; HBeAg: Hepatitis B e antigen.

for 2 cases with compensated cirrhosis, and none of the
participants were HBV carriers with normal liver function. Most cases had a history of NA treatment before
pregnancy; therefore, only 16 cases (17.4%) had HBV
DNA > 105 copies/mL in early pregnancy. Of these 2
cirrhosis patients, one had refused to take any antiviral
treatment despite a long history of abnormal liver function due to her concerns about the safety of NA drugs
during pregnancy. However, when she later developed
cirrhosis, she started to take LAM treatment and became
pregnant; the other patient had concomitant autoimmune hepatitis and was taking ursodesoxycholic acid in
addition to adefovir dipivoxil, and was later switched to
LAM treatment before pregnancy. In early pregnancy,
she ceased ursodesoxycholic acid treatment. In addition,
2 cases had previous peripheral neuropathy or myopathy
when they took interferon and telbivudine (LdT) combination treatment; both switched to LAM treatment and
later became pregnant.
Adverse events in mothers and infants during
pregnancy and the perinatal period
Fetal monitoring during pregnancy: Among the 92
women who took LAM treatment in early pregnancy,
there were 95 pregnancies. Before 20 wk’ gestational age, 4
cases had a threatened abortion, but symptoms of miscar-
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Postpartum infant monitoring
Of the 92 mothers who took LAM treatment before or
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DISCUSSION

Table 2 Adverse events and laboratory abnormalities during
pregnancy and the perinatal period (n = 72) (%)
Adverse events
Pregnancy

Perinatal
period

HBV infection is a serious public health problem worldwide. According to WHO statistics, about 5% of mothers
are chronic HBV carriers[8], and the hepatitis B surface
antigen positivity rate among fertile women in some high
epidemic areas, such as Africa and South Asia, can be as
high as 9.2%-15.5%[9-11]. About one-third of HBV-infected women enter into the immune clearance phase before
or during pregnancy, with a high HBV DNA load and
abnormal ALT levels. They are not only faced with a high
risk of mother-to-infant transmission, but they also have
an increased chance of hepatic disease exacerbation during pregnancy, threatening the safety of both mother and
infant[12-14]. It is currently not recommended for chronic
HBV-infected fertile women who are not pregnant to take
interferon or NA treatment, in line with the guidelines
for the prevention and treatment of chronic hepatitis B[7].
The antiviral efficacy of interferon is limited, and several
side effects hinder its use, resulting in treatment failure.
NA treatment alone results in only 20% of hepatitis B e
antigen (HBeAg)-positive patients achieving HBeAg seroconversion, with only 12% able to stop treatment with a
sustained virological response[15]. Therefore, many chronic
HBV-infected fertile women become pregnant during
treatment.
It is very dangerous for pregnant women to stop
taking antiviral treatment during pregnancy when they
have not met the withdrawal standard, as it may exacerbate liver disease, threatening the safety of both mother
and infant. However, the safety of infants exposed to
antiviral drugs in utero throughout the entire pregnancy
is of particular concern, especially in early pregnancy,
which is vital for fetal development. Although LAM is
already approved as an optional antiviral drug for use in
pregnancy, and several studies have reported its safety in
late pregnancy[1-3], all of the studies regarding its safety
before or during early pregnancy come from HIV-infected pregnant women[16]. Furthermore, most of these
patients received combination therapy. So far, there have
been very few reports about the safety of LAM treatment in chronic HBV-infected women before or during
early pregnancy, and systematic observations have been
scarce[4-6,17].
The present study showed that the abortion rate
for HBV-infected women who took LAM treatment in
early pregnancy was 11.6%, which was not higher than
that of non HBV-infected mothers or HBV-infected
mothers according to previous reports (11%-16% and
16.7%-21.9%, respectively)[6,18,19]. Overall, 72 mothers
delivered 73 live infants; none were stillborn. Three fetuses had developmental retardation during pregnancy
monitoring, although their development later normalized
after treatment; no other fetal developmental abnormalities were reported. Only 4.1% of infants had low birth
weight, which was similar to that of women without
or with HBV infection according to previous reports
(2.7%-7.8% and 5.0%-10.4%, respectively)[20]. None of
the infants had abnormal hearing, congenital phenylke-

Cases

Vaginitis
12 (16.7)
Gestational diabetes
6 (8.3)
Arrhythmia/abnormal ECG
4 (5.6)
Nausea and vomiting
3 (4.2)
Common cold
3 (4.2)
Oligohydramnios
3 (4.2)
Polyhydramnios
2 (2.8)
Greater than moderate anemia (Hb < 9 g/L)
2 (2.8)
Placenta previa
2 (2.8)
Inguinal hernia
1 (1.4)
Hypothyroidism
1 (1.4)
ALT ≥ 2 × ULN
16 (22.2)
HBV DNA breakthrough
6 (8.3)
Elevated total bilirubin
2 (2.8)
Thrombocytopenia
2 (2.8)
Elevated CK (1-2 degrees)
1 (1.4)
Premature rupture of the membranes
8 (11.1)
Preterm
5 (6.9)
Meconium staining of the amniotic fluid 2-3 degrees 4 (5.6)
Antepartum hemorrhage
3 (4.2)
Placenta accreta
1 (1.4)

ECG: Electrocardiogram; Hb: Hemoglobin; ALT: Alanine aminotransferase; ULN: Upper limit of normal; HBV: Hepatitis B virus; CK: Creatine
kinase.

in early pregnancy, 72 delivered 73 live infants. Only 3
infants (4.1%) were low birth weight (birth weight <
2500 g); all the other infants had normal weights. None
of the infants had abnormal hearing, congenital phenylketonuria, or hypothyroidism on testing. Of the 73
infants, 68 were followed-up for no less than 6 mo, while
47 were followed-up for more than 1 year, and 16 were
followed-up for more than 2 years. Two infants were
found to have abnormalities postpartum: 1 had 2 scalp
hemangiomas (1.5 cm × 1.5 cm and 1.5 cm × 2.0 cm,
respectively), which did not change in size until 7 mo,
when the parents planned to arrange surgery for the
infant; the other infant had early cerebral palsy at 8 mo,
but with rehabilitation training, the infant’s motor functions became totally normal at 2 years of age. Sixteen
babies were followed up for 2 to 4 years, and showed no
signs of abnormal intelligence or growth.
Monitoring the mother-to-infant transmission blocking rate
Of the 73 live infants, 68 completed all of the examinations required for evaluating if there was mother-to-infant transmission. Vertical transmission was successfully
blocked in 66 infants, for a blocking rate of 97.1%. One
mother took LAM every other day by herself because
she was concerned about LAM’s influence on the infant.
She later developed virological breakthrough with HBV
DNA increasing to 6.38 × 107 copies/mL. The other
mother, who had HBV DNA of 3.6 × 103 copies/mL
antepartum, experienced HBV-S mutation during treatment, resulting in blocking failure (the infant had HBsAg(-), HBV DNA(+) and abnormal ALT levels at both
7 mo and 1 year).
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tonuria, or hypothyroidism on testing. Two infants were
found to have abnormalities (scalp hemangiomas and
early cerebral palsy), with a congenital abnormity rate
of 2.7%, which is similar to the data from HIV-infected
women (3.1%) who took antiretroviral treatment (including LAM) in early pregnancy from 1989 to 2011[16]. According to the literature, the congenital abnormality rates
for infants born to mothers without or with HBV infection were 5.1%-6.3% and 7.2%-10%, respectively[6,20,21].
The present report suggests that it is safe for fetuses to
be exposed to LAM in utero for the entire pregnancy or
in early pregnancy, and it does not affect fertilization or
fetal development or result in congenital abnormities.
Neither does it affect postnatal development.
The most common adverse event for mothers during
pregnancy and the perinatal period was vaginitis (16.7%),
among which 7 were vulvovaginal candidiasis (9.7%)
and 5 were bacterial vaginosis. However, vaginitis is a
common genital infectious disease in pregnant and nonpregnant women and the incidence of vaginitis in our
study group was similar to that reported in the literature;
it has been reported that the detection rate of candidal
vaginitis in pregnant women is about 10%[22,23], and the
incidence of bacterial vaginosis among Asian women is
6.1%[24]. Other adverse events included gestational diabetes, gestational hypertension, nausea and vomiting of
pregnancy, oligohydramnios, polyhydramnios, placenta
previa, anemia, pre-eclampsia, premature rupture of the
membranes, and preterm delivery. The incidence of the
above adverse events was not higher than that of mothers without or with HBV infection according to previous
reports[25-29]. Only one patient had 1-2 degree elevation
of serum CK levels, and none of the other adverse
events could be associated with LAM treatment. These
results suggest that it is safe for HBV-infected pregnant
women to take LAM treatment in early pregnancy or
throughout the entire pregnancy.
Pregnancy can not only increase the burden on the
liver, but it can also increase adrenal cortical hormone
levels, boosting HBV replication and activation of hepatitis B. Therefore, for HBV-infected women, the average
increase in the HBV DNA level was 0.4 log in late pregnancy or postpartum, and 25% of HBeAg(-) pregnant
women had an increase of HBV DNA > 1 log, accompanied by elevation of ALT levels in late pregnancy or
postpartum[13,29]. The incidence of severe hepatitis during
the perinatal period (in late pregnancy and one month
postpartum) was much higher than in nonpregnant
women[12-14,30]. In the present study, all mothers without
previous antiviral treatment maintained normal ALT levels throughout the entire pregnancy, and none of them
had severe hepatitis. Fifteen mothers who took NA
treatment previously had abnormal ALT levels in early
pregnancy, but ALT normalized after LAM treatment,
and the pregnancy continued. Interestingly, one mother
stopped LAM treatment before pregnancy and later developed severe hepatitis in early pregnancy. However, all
symptoms later disappeared, liver function normalized
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and the HBV DNA load became undetectable when she
restarted LAM. In addition, 87.5% of patients had HBV
DNA below 500 copies/mL antepartum, and the LAM
resistance rate was only 8.3% during pregnancy. This
suggests that LAM can effectively suppress HBV DNA
replication in HBV-infected pregnant women, maintain
normal liver function, and lower the incidence of hepatic disease during pregnancy, improving the prognosis
of HBV-infected pregnant women.
According to previous reports, for infants born to
HBeAg-positive mothers, even after they received passiveactive immunoprophylaxis with HBIG and three doses
of hepatitis B vaccines, vertical transmission was not
blocked in 7%-16.3%[31]. For mothers with an increased
HBV DNA load, vertical transmission was not blocked
in as many as 23.4%-32% of infants[32]. In the present
study, 80.4% of mothers was HBeAg-positive, and all of
them had a high HBV DNA load before LAM treatment.
However, 63 (87.5%) mothers had HBV DNA below 500
copies/mL antepartum, and the blocking rate was 97.1%;
blocking failed in only 2 cases. The first mother had poor
compliance, resulting in HBV DNA breakthrough, while
the other had an HBV-S mutation during treatment, resulting in failure of vaccine immunization. These results
suggest that LAM treatment could increase the vertical
transmission blocking rate in HBeAg-positive mothers.
This study suggests that it is safe and effective for
chronic HBV-infected pregnant women to take LAM
treatment in early pregnancy. Treatment does not increase
complications or adverse events for mothers during pregnancy or the perinatal period, has no effect on fertilization or embryonic development, and does not increase
the incidence of congenital abnormalities in infants.
Furthermore, it increases the blocking rate of mother-toinfant transmission. In conclusion, the benefits of taking
LAM treatment in early pregnancy outweigh the risks.
However, the sample size of this study was small, and the
follow-up time was limited; both need to be optimized in
later studies to provide greater insight.
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BRIEF ARTICLE

Overexpression of lysine specific demethylase 1 predicts
worse prognosis in primary hepatocellular carcinoma patients
Ze-Kun Zhao, Hai-Feng Yu, Dao-Rong Wang, Ping Dong, Lei Chen, Wen-Guang Wu, Wen-Jun Ding, Ying-Bin Liu
and qRT-PCR consistently confirmed LSD1 overexpression in HCC tissues compared to adjacent non-neoplastic tissues (P < 0.01). Additionally, immunostaining
showed more LSD1-positive cells in the higher tumor
stage (T3-4) and tumor grade (G3) than in the lower
tumor stage (T1-2, P < 0.001) and tumor grade (G1-2,
P < 0.001), respectively. Moreover, HCC patients with
high LSD1 expression had significantly lower 5-year
overall survival rates (P < 0.001) and lower 5-year
disease-free survival rates (P < 0.001), respectively. A
Cox proportional hazards model further demonstrated
that LSD1 over-expression was an independent predictor of poor prognosis for both 5-year disease-free survival [hazards ratio (HR) = 1.426, 95%CI: 0.672-2.146,
P < 0.001] and 5-year overall survival (HR = 2.456,
95%CI: 1.234-3.932, P < 0.001) in HCC.
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CONCLUSION: Our data suggest for the first time that
the overexpression of LSD1 protein in HCC tissues indicates tumor progression and predicts poor prognosis.
© 2012 Baishideng. All rights reserved.
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Abstract
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AIM: To investigate the clinicopathological features
and prognostic value of lysine specific demethylase 1
(LSD1) in hepatocellular carcinoma (HCC).

ment of Medical, Technological and Tran, University Hospital
of Cattinara, Strada di Fiume 447, 34100 Trieste, Italy; Vezali
Elena, MD, Department of Hepatology, “Hygeia” Diagnostic
and Therpaeutic Center of Athens, Eruthrou Staurou 4, 15123
Marousi, Greece

METHODS: We examined LSD1 expression in 60 paired
liver cancer tissues and adjacent noncancerous tissues
by quantitative real time polymerase chain reaction
(qRT-PCR) and Western blotting. In addition, we analyzed LSD1 expression in 198 HCC samples by immunohistochemistry. The relationship between LSD1 expression, clinicopathological features and patient survival
was investigated.

Zhao ZK, Yu HF, Wang DR, Dong P, Chen L, Wu WG, Ding
WJ, Liu YB. Overexpression of lysine specific demethylase 1
predicts worse prognosis in primary hepatocellular carcinoma
patients. World J Gastroenterol 2012; 18(45): 6651-6656
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i45/6651.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i45.6651

RESULTS: Immunohistochemistry, Western blotting,
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INTRODUCTION

Table 1 Clinicopathological features and the expression of
lysine specific demethylase 1 in 198 hepatocellular carcinoma
patients

Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide, especially in Asia[1]. In
China, HCC ranks behind gastric and esophageal cancer
with the third highest mortality rate among all malignant
carcinomas, leads to approximately 110 000 deaths every
year, and accounts for 45% of total HCC deaths worldwide[2]. Multiple risk factors have been associated with
the initiation and development of HCC; these include
chronic infection with hepatitis B, C or D virus, aflatoxin, alcohol abuse, hereditary metabolic liver diseases, and
diabetes mellitus[1,3]. Like most other cancers, hepatocarcinogenesis is a multistep process that involves multiple
genetic alterations that may activate oncogenes and/or
inactivate tumor suppressor genes, ultimately leading to
the malignant transformation of hepatocytes.
Histone demethylase lysine specific demethylase 1
(LSD1), the first histone demethylase that was discovered
as a nuclear homolog of amine oxidases, removes the
methyl groups from mono- and dimethylated lysine (Lys)
4 of histone H3 (H3K4me1/2) and Lys9 of histone H3
(H3K9me1/2). LSD1 is essential for mammalian development and is involved in many biological processes, including cell-type differentiation, gene activation and gene
repression[4]. A recent study indicated that LSD1 might
promote cell phase transition (deficiency in LSD1 led to
partial cell cycle arrest in G2/M) and cell proliferation,
suggesting that its over-expression might promote tumorigenesis[5]. The expression of LSD1 has been associated
with tumor recurrence during therapy in various cancers,
further implicating LSD-1 as a tumor promoter[6-8]. A
tissue cDNA microarray analysis also demonstrated the
presence of LSD1 transactivation in lung and colorectal
carcinomas[7]. LSD1 knockdown with small interfering
(si) RNAs resulted in the suppression of proliferation of
various bladder and lung cancer cell lines[7]. To the best
of our knowledge, there is little available data regarding
the involvement of LSD1 genes in hepatic tumorigenesis.
In this study, we investigated LSD1 expression in HCC
and its correlation with the clinicopathological features
of patients with HCC, including patient survival.

Characteristics

P value

LSD1 (%)
High expression Low expression

Gender
Male
Female
Age (yr)
≥ 50
< 50
Tumor stage
T1
T2
T3
T4
Tumor grade
G1
G2
G3
Growth pattern
Trabecular
Nontrabecular
Cirrhosis
Yes
No
Underlying liver disease
Alcoholic
Hepatitis B
Hepatitis C
Unknown

101
97

58
54

43
43

NS

112
86

61
51

51
35

NS

39
42
76
41

5
21
47
39

34
21
29
2

< 0.001

45
114
39

9
63
38

34
51
1

< 0.001

147
51

84
28

63
23

NS

151
47

87
25

64
22

NS

21
136
30
11

15
74
17
6

6
62
13
5

NS

LSD1: Lysine specific demethylase 1; NS: Not significant.

ment of Pathology in the Xinhua Hospital affiliated with
Shanghai Jiaotong University School of Medicine. The
patients had been diagnosed with HCC between 2001
and 2006. None of the patients recruited in this study
had undergone preoperative chemotherapy or radiotherapy. HCC diagnosis was based on World Health Organization criteria. Tumor differentiation was defined according to the Edmondson grading system. Liver function was assessed using the Child-Pugh scoring system.
Tumor staging was determined according to the sixth
edition of the tumor-node-metastasis (TNM) classification of the International Union against Cancer. The clinicopathological features of 198 patients are summarized
in Table 1. In addition, 60 self-pairs of HCC specimens
(10 TNM stageⅠ, 16 TNM stage Ⅱ, 24 TNM stage Ⅲ,
and 10 TNM stage Ⅳ) and adjacent non-neoplastic liver
tissues were snap frozen in liquid nitrogen and stored
at -80 ℃ following surgery for quantitative real time
polymerase chain reaction (qRT-PCR) assay and western
blot analysis. The median follow-up period was 8.6 years.
Postoperative surveillance included routine clinical and
laboratory examinations every third month, computed
tomography scans of the abdomen, and radiographs of
the chest every third month. After 5 years, the examination interval was extended to 12 mo.

MATERIALS AND METHODS
Patients and tissue samples
The study was approved by the Research Ethics Committee of Xinhua Hospital, which is affiliated to Shanghai Jiaotong University School of Medicine, Shanghai,
China. Informed consent was obtained from all of the
patients. All specimens were handled and made anonymous according to accepted ethical and legal standards.
A total of 198 patients who presented with primary
HCC and later underwent curative liver resection at Xinhua Hospital affiliated to Shanghai Jiaotong University
School of Medicine, Shanghai, China, were included in
this retrospective study. The tissue samples used in this
study were retrieved from the tissue bank of the Depart-
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Immunohistochemistry analysis
Immunohistochemical staining was carried out follow-
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ing the protocol of our previous study[9-11]. The primary
antibody against LSD1 was a rabbit polyclonal antibody
(Santa Cruz Biotechnology, Inc., United States) at a dilution of 1:50. The specificity of the primary antibody has
been validated by the previous studies of Müller et al[12]
and Lü et al[13]. The secondary antibody for the detection
of primary antibody was anti-rabbit immunoglobulin G
(Sigma, St. Louis, MO, United States). The negative controls were processed in a similar manner with phosphatebuffered saline instead of primary antibody. Further,
positive LSD1 expression, as confirmed by western blotting, was used as a positive control for immunostaining.
Following hematoxylin counterstaining, immunostaining
was scored by two independent experienced pathologists
who were blinded to the clinicopathological parameters
and clinical outcomes of the patients. The scores of the
two pathologists were compared, and any discrepant
scores were re-examined for staining by both pathologists until a consensus score was obtained. The number
of cells that stained positive for nuclear LSD1 in ten
representative microscopic fields was counted, and the
percentage of positive cells was calculated. The percentages of cells that were immunoreactive were converted
to scores as follows: 0 (0%), 1 (1%-10%), 2 (11%-50%)
and 3 (> 50%). Staining intensity was visually scored and
stratified as follows: 0 (negative), 1 (weak), 2 (moderate)
and 3 (strong). A final score was obtained for each case
by multiplying the percentage score and the intensity
score. Multiplied scores exceeding 5 (median of total
scores for LSD1) were considered to indicate low levels
of LSD1 expression, while all other scores were considered to indicate high levels of LSD1 expression.

A

B

Figure 1 Lysine specific demethylase 1 expression in hepatocellular carcinoma and adjacent non-neoplastic liver tissues. A: High expression of lysine
specific demethylase 1 (LSD1) in hepatocellular carcinoma (HCC) samples; B:
Low expression of LSD1 in HCC samples (original magnification, 200×).

States) and SAS 9.1 (SAS Institute, Cary, NC) were used
for statistical analysis. A Fisher’s exact test and χ 2 test
were performed to assess associations between LSD1
expression and clinicopathological parameters. A KaplanMeier method was used for survival analysis, and differences in survival were estimated using the log-rank test.
A multivariate survival analysis was performed for all
parameters that were significant in the univariate analyses
using a Cox regression model. Differences were considered statistically significant when P was less than 0.05.

Western blotting
The Western blotting protocol and semiquantitative analysis were carried out following the protocol of Xu et al[14].
LSD1 antibody (rabbit polyclonal antibody, dilution 1:50,
Santa Cruz Biotechnology, Inc., United States) was used,
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibody (CW0266, dilution 1:1000, CoWin Biotech)
was used as an internal control.

RESULTS

Quantitative RT-PCR
To measure the mRNA expression levels of LSD1, total
RNA was extracted from frozen liver tissues using TriZol
reagent (Invitrogen) according to the manufacturer’s instructions. The extraction was followed by RT-PCR using
the TransStart Green qPCR SuperMix (TransGen Biotech). The primer sequences for LSD1 amplification were
5’-CGAACGCACATCAAGACGA-3’ for the forward
primer and 5’-AGGTGAAGGTGGAGTAGAGGC-3’
for the reverse primer. The transcription of GAPDH was
used as an internal control for normalization. LSD1 expression levels were calculated relative to GAPDH using
the delta-delta computed tomography method[15].

Expression of LSD1 protein and mRNA in HCC
Immunohistochemical analysis revealed that LSD1 staining was mainly localized to the nucleus of noncancerous
and malignant epithelial cells (Figure 1). In addition, we
found that 112 (56.6%) of 198 HCC tissues had high
LSD1 expression, and 86 (43.4%) of 198 HCC tissues
had low LSD1 expression. Additionally, 52 (26.3%) of
198 adjacent non-neoplastic liver tissues had high LSD1
expression, and 146 (73.7%) of 198 adjacent nonneoplastic liver tissues had low LSD1 expression. Thus, the
LSD1 immunostaining in HCC tissues was significantly
higher than the staining in the adjacent non-neoplastic
liver tissues (P < 0.01). To confirm LSD1 protein expression by an independent method, Western blotting analysis
was performed using 60 self-pairs of HCC and adjacent

Statistical analysis
SPSS version 13.0 for Windows (SPSS Inc, IL, United
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Figure 3 Kaplan-Meier survival curves for lysine specific demethylase
1 expression in hepatocellular carcinoma patients. A: The hepatocellular
carcinoma patients with high lysine specific demethylase 1 (LSD1) expression
showed significantly shorter disease-free survival (P < 0.001); B: Overall survival (P < 0.001) rates than those with low LSD1 expression.

Figure 2 Increased lysine specific demethylase 1 protein and mRNA
levels in hepatocellular carcinoma with different tumor node metastasis
stages and adjacent non-neoplastic liver tissues. A: Representative Western blotting of lysine specific demethylase 1 (LSD1) protein levels in hepatocellular carcinoma (HCC) tissues (T) and adjacent non-neoplastic liver tissues
(N); B: Semiquantitative Western blotting showed that the expression levels of
LSD1 protein were significantly higher than those in adjacent non-neoplastic
liver tissues (P < 0.01). Additionally, the expression levels of LSD1 protein increased with ascending tumor node metastasis (TNM) stages. Glyceraldehyde3-phosphate dehydrogenase (GAPDH) was used as an internal control. P
values, mean and SD were given (t test); C: Quantitative reverse transcriptionpolymerase chain reaction (RT-PCR) assay showed significantly increased
LSD1 mRNA levels in HCC tissues compared with adjacent non-neoplastic
liver tissues (P < 0.01). Additionally, the expression levels of LSD1 mRNA were
increased with ascending tumor TNM stages. GAPDH was used as the internal
control. P values, mean and SD were given (Mann-Whitney test).

HCC, we correlated immunohistochemical LSD1 staining
results with T stage, tumor grade, presence of cirrhosis,
underlying liver disease, including alcohol abuse, viral
hepatitis B and C, sex and age (Table 1). We found more
LSD1 positive cells in tissues with higher tumor stages
(T3-4) and higher tumor grades (G3) than in the lower
tumor stages (T1-2, P < 0.001) and tumor grades (G1-2,
P < 0.001), respectively.
Prognostic values of LSD1 expression in HCC
The 5-year disease-free survival in the group with high
LSD1 expression was significantly poorer than the disease-free survival in the group with low LSD1 expression
(P < 0.001, log-rank test; Figure 3A). A Kaplan-Meier
plot of 5-year overall survival curves stratified by LSD1
expression is shown in Figure 3B. There was a significant relationship between LSD1 expression and 5-year
overall survival (P < 0.001, log-rank test; Figure 3B). In
a multivariate Cox model that included tumor size, tumor stage, tumor grading, presence of cirrhosis, gender,
age, and LSD1 staining, we found that LSD1 expression
independently indicated poor prognosis for both 5-year
disease-free survival [hazards ratio (HR) = 1.426, 95%CI:
0.672-2.146, P < 0.001; Table 2] and 5-year overall survival (HR = 2.456, 95%CI: 1.234-3.932, P < 0.001; Table

non-neoplastic liver tissues. Overexpression of LSD1
protein in HCC tissues was compared with adjacent nonneoplastic liver tissues (P < 0.01, Figure 2A and B) using
this method, and significantly increased LSD1 mRNA
levels were detected by qRT-PCR (P < 0.01, Figure 2C).
The expression levels of LSD1 protein and mRNA in
high stage (Ⅲ-Ⅳ) HCC tissues were both significantly
higher than the levels of LSD1 protein and mRNA in
low stage (Ⅰ-Ⅱ) HCC tissues (for protein: P = 0.021; for
mRNA: P = 0.023; Figure 2B and C).
Association of LSD1 expression with the clinicopathological features of HCC
To evaluate whether LSD1 protein expression was associated with clinicopathological features of patients with
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Table 2 Multivariate survival analysis of five-year overall and disease-free survival in 198 patients with hepatocellular carcinoma
Parameter

Five-year overall survival

Age
Gender
Tumor stage
Tumor grade
Presence of cirrhosis
LSD1 expression

Five-year disease-free survival

P value

HR

95%CI

P value

HR

95%CI

0.775
0.456
< 0.001
< 0.001
0.542
< 0.001

0.867
1.121
1.634
1.154
1.143
2.456

0.463-1.452
0.569-1.867
1.142-2.537
0.647-1.893
0.647-1.784
1.234-3.932

0.714
0.634
< 0.001
< 0.001
0.427
< 0.001

1.174
1.126
1.423
1.023
1.321
1.426

0.883-1.853
0.684-1.846
0.784-2.161
0.456-1.638
0.824-1.917
0.672-2.146

LSD1: Lysine specific demethylase 1; HR: Hazards ratio.

lines[7]. However, the association between LSD1 and the
survival of HCC patients was not well defined. In this
study, we investigated the associations between LSD1 expression levels and clinical features of HCC patients.
In order to demonstrate that the epigenetic changes
were associated with genetic changes in lung cancer, we
first investigated the expression of LSD1 in HCC clinical
samples. Previous studies have demonstrated that LSD1
protein and mRNA levels could act as biomarkers for the
identification of patients with more aggressive breast cancer, prostate cancer, lung cancer and neuroblastoma[23-26].
In our study, we detected LSD1 by immunohistochemistry analysis, Western blotting, and qRT-PCR. Our results
showed that LSD1 immunoreactivity was significantly
increased in HCC compared with adjacent non-neoplastic
liver tissue in a substantial proportion of cases. The overexpression of LSD1 was observed in tumor tissues with
higher tumor stage and higher tumor grade. Additionally,
our investigation revealed that high LSD1 expression is
associated with a significant trend toward both poorer
disease-free survival and poorer overall survival. Our
study further confirms that high LSD1 expression independently predicts a higher risk of disease relapse or death
after multivariate adjustment for other prognostic factors.
These observations support the hypothesis that LSD1
may function as an oncogene in HCC and suggest that
LSD1 may play an important role in the tumorigenesis
of HCC. However, the role of LSD1 in HCC remains to
be elucidated. Our data may offer new insight into LSD1
as a potentially important contributor to the progression
of HCC and as a new prognostic factor for HCC. As the
198 cases of the present study were all obtained from the
Chinese population, the results reported here should be
further confirmed in other populations.
In conclusion, our study suggests that LSD1 is overexpressed in HCC tissues compared with their benign
counterparts. To the best of our knowledge, this is the
first study evaluating the expression levels of LSD1
mRNA and protein in HCC tissues and the association
between these expression levels and clinicopathologic
parameters. The most important finding of this study is
that LSD1 expression may predict a poorer prognosis for
HCC patients after surgery. Further studies are needed to
investigate the precise function of LSD1 in the progression of HCC.

2) in patients with HCC.

DISCUSSION
Genetic alterations are a hallmark of human cancer. In
recent years, the field of cancer genomics has made significant advances in the area of cancer-associated genetic
lesion identification. Furthermore, the importance of
epigenetic changes that occur during HCC development
has also been recognized[16]. Epigenetic changes can take
the form of DNA methylation or histone modification[17].
Histone modifications in the form of selective acetylation, phosphorylation, and methylation serve as switches
that alter chromatin structure, allowing posttranscriptional activation or repression of downstream proteins[18].
Understanding these epigenetic changes will lead to the
identification of novel cancer-related genes that may represent attractive targets for cancer treatment and provide
new insights into the biology of hepatic cancers. Thus, an
integrative approach to hepatic cancer research that combines epidemiological, genetic and epigenetic information
has emerged as an important paradigm for cancer therapy[19]. The methylation status of histone methyltransferases and histone demethylases plays a pivotal role in the
regulation of gene expression[20]. LSD1, the first histone
demethylase that was discovered as a nuclear homolog of
amine oxidases, removes methyl groups from mono- and
dimethylated H3K4me1/2 and H3K9me1/2[21].
Epigenetic changes in LSD1 have been shown to play
a key role in carcinogenesis[22]. LSD1 can prevent the accumulation of the dimethyl groups of p53, repressing
p53-mediated transcriptional up-regulation, preventing
apoptosis, and contributing to human carcinogenesis
via a chromatin modification mechanism. To date, a few
studies have indicated that LSD1 may promote cell phase
transition (deficiency in LSD1 led to partial cell cycle
arrest in G2/M) and cell proliferation, suggesting that
LSD1 over-expression might promote tumorigenesis[5].
The expression of LSD1 has been associated with tumor
recurrence during therapy in various cancers, further implicating LSD-1 as a tumor promoter[6-8]. Tissue cDNA
microarray analysis also revealed LSD1 transactivation in
lung and colorectal carcinomas[7]. Knocking down LSD1
with small interfering RNAs resulted in suppression of
proliferation of various bladder and lung cancer cell
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Meta-analysis of laparoscopic vs open liver resection for
hepatocellular carcinoma
Jun-Jie Xiong, Kiran Altaf, Muhammad A Javed, Wei Huang, Rajarshi Mukherjee, Gang Mai, Robert Sutton,
Xu-Bao Liu, Wei-Ming Hu
for HCC between January 1992 and February 2012.
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inclusion and extracted the data. Meta-analysis was
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effects (Mantel-Haenszel method) or random effects
models (DerSimonian and Laird method). Evaluated
endpoints were operative outcomes (operation time,
intraoperative blood loss, blood transfusion requirement), postoperative outcomes (liver failure, cirrhotic
decompensation/ascites, bile leakage, postoperative
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(positive resection margins and tumor recurrence).
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RESULTS: Fifteen eligible non-randomized studies were
identiﬁed, out of which, 9 high-quality studies involving 550 patients were included, with 234 patients in
the LLR group and 316 patients in the OLR group. LLR
was associated with signiﬁcantly lower intraoperative blood loss, based on six studies with 333 patients
[WMD: -129.48 mL; 95%CI: -224.76-(-34.21) mL; P
= 0.008]. Seven studies involving 416 patients were
included to assess blood transfusion requirement between the two groups. The LLR group had lower blood
transfusion requirement (OR: 0.49; 95%CI: 0.26-0.91;
P = 0.02). While analyzing hospital stay, six studies
with 333 patients were included. Patients in the LLR
group were found to have shorter hospital stay [WMD:
-3.19 d; 95%CI: -4.09-(-2.28) d; P < 0.00001] than
their OLR counterpart. Seven studies including 416
patients were pooled together to estimate the odds of
developing postoperative ascites in the patient groups.
The LLR group appeared to have a lower incidence of
postoperative ascites (OR: 0.32; 95%CI: 0.16-0.61; P
= 0.0006) as compared with OLR patients. Similarly,
fewer patients had liver failure in the LLR group than
in the OLR group (OR: 0.15; 95%CI: 0.02-0.95; P =

Abstract
AIM: To conduct a meta-analysis to determine the
safety and efficacy of laparoscopic liver resection (LLR)
and open liver resection (OLR) for hepatocellular carcinoma (HCC).
METHODS: PubMed (Medline), EMBASE and Science
Citation Index Expanded and Cochrane Central Register of Controlled Trials in the Cochrane Library were
searched systematically to identify relevant comparative studies reporting outcomes for both LLR and OLR
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Open liver resection (OLR) has traditionally been accepted as the preferred treatment for resectable HCC in
patients with adequate liver reserves[7]. However, most patients with HCC have significant underlying co-morbidities, including liver diseases such as chronic hepatitis and
liver cirrhosis, and hence are at very high risk of developing significant postoperative complications. Laparoscopic
surgery is considered to be a safe alternative to open surgical intervention in numerous surgical procedures. Since
the ﬁrst successful report of laparoscopic liver wedge
resection in 1992[8], improvement in surgical instrumentation and experience in laparoscopic treatment for the
majority of surgical gastrointestinal conditions, including
benign liver diseases, have led to a growing interest in
its application for HCC. Recent studies have suggested
that the laparoscopic liver resection (LLR) has a number
of advantages such as reduction of postoperative pain,
operative morbidity, and length of hospitalization, especially for cirrhotic patients with HCC[9-12]. However, the
current literature on LLR for HCC exists in the form of
few comparative studies. General application of this approach for treating this disease is still a matter of debate
because it is new and data regarding long-term oncologic
outcomes (e.g., recurrence) are not robust.
Three published meta-analysis[13-15] have investigated
the advantages and disadvantages of the LLR for HCC.
These meta-analyses have reported that LLR was associated with decreased blood loss and requirement for blood
transfusion, lower overall postoperative morbidity and
shorter hospital stay compared with the OLR. In addition, there was no difference between groups in oncologic outcomes such as positive resection margins and tumor
recurrence. Since these meta-analysis included a limited
number of studies with fewer cases, data reported were
not sufficient to derive conclusions with regards to the
overall efficacy and safety of LLR. In the interim, several
high-quality studies[16-20] with more participants have been
published. We have therefore undertaken an analysis of
15 studies including 1105 hepatic resections to provide
an update on the efficacy of LLR vs OLR for HCC.

0.04). However, no significant differences were found
between the two approaches with regards to operation time [WMD: 4.69 min; 95%CI: -22.62-32 min; P
= 0.74], bile leakage (OR: 0.55; 95%CI: 0.10-3.12;
P = 0.50), postoperative bleeding (OR: 0.54; 95%CI:
0.20-1.45; P = 0.22), pulmonary complications (OR:
0.43; 95%CI: 0.18-1.04; P = 0.06), intra-abdominal
abscesses (OR: 0.21; 95%CI: 0.01-4.53; P = 0.32),
mortality (OR: 0.46; 95%CI: 0.14-1.51; P = 0.20),
presence of positive resection margins (OR: 0.59;
95%CI: 0.21-1.62; P = 0.31) and tumor recurrence
(OR: 0.95; 95%CI: 0.62-1.46; P = 0.81).
CONCLUSION: LLR appears to be a safe and feasible
option for resection of HCC in selected patients based
on current evidence. However, further appropriately
designed randomized controlled trials should be undertaken to ascertain these findings.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common primary cancer worldwide[1], and the third most common cause of cancer-related deaths with about 600 000
patients dying from the disease annually[2]. The potential
treatment options for HCC include: surgical resection[3],
liver transplantation[4], chemotherapy and local ablative
therapy[5]. Surgery, either through hepatic resection or liver
transplantation, is the best hope for a cure, but is not suitable for those patients who also suffer from significant
background cirrhosis[5]. Liver transplantation should be
considered in any patient with cirrhosis and a small (5 cm
or less single nodule or up to three lesions of 3 cm or
less) HCC. Hepatic resection, on the other hand, should
be considered as a primary therapy in every patient with
HCC and a non-cirrhotic liver (including fibrolamellar
variant). Resection can also be carried out in highly selected patients with hepatic cirrhosis and well preserved
hepatic function (Child-Pugh A) who are unsuitable for
liver transplantation[6].
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MATERIALS AND METHODS
Study selection
PubMed (Medline), EMBASE and Science Citation
Index Expanded and Cochrane Central Register of
Controlled Trials in the Cochrane Library were searched
systematically for all articles published from January
1992 to February 2012 comparing LLR and OLR for
HCC. The following medical search headings and keywords were used: “laparoscopy” or “laparoscopic” or
“minimally invasive surgery” and “hepatectomy” or “liver
resection” or “hepatic resection” and “primary liver carcinoma” or “hepatocellular carcinoma” or “HCC”. Only
human studies published in English language as full text
articles were considered for inclusion. Reference lists
of selected articles were also examined to find relevant
studies which were not identified during the initial data-
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effusion and pneumonia), intra-abdominal abscess and
mortality.

Potentially relevant abstracts captured and screened:
Medline (PubMed), EMBASE, Science Citation Index Expanded
and Cochrane Central Register of Controlled Trials in the Cochrane
Library (Limited to humans and English language)
n = 327

Articles retrieved for more
detailed evaluation
n = 48

Articles fitted selection criteria
(n = 16)

Oncologic outcomes: Positive resection margins and
tumor recurrence.

Articles excluded (n = 279):
Duplicated articles (93)
Not relevant (97)
Only abstracts (21)
Reviews or expert opinions (36)
Letters (8)
Case reports (24)

Data extraction and quality assessment
Data were extracted by two independent observers using
standardized forms. The recorded data included patient
and study characteristics and surgical details. The quality of studies was assessed using the Newcastle-Ottawa
Scale[21], by examining three factors: patient selection,
comparability of the study groups and assessment of
outcome. Studies were matched for age, American Society of Anesthesiologists status, presence of cirrhosis,
size of tumor and type of hepatic resection undertaken.
The maximum numbers of stars in the selection, comparability, and outcome categories were four, two, and
three, respectively. Studies achieving six or more stars
were considered to be of higher quality[22]. Only these
were included in the final analysis to have the best estimate of the outcome measure.

Articles excluded (n = 32):
Without comparison (5)
Including benign and malignant
neoplasms (27)
Repeated reports (n = 1)

Articles that included for systematic
review and meta-analysis
(n = 15)
High quality studies (n = 9)

Low quality studies (n = 6)

Figure 1 Flow diagram depicting the process of identification and inclusion of selected studies.

Statistical analysis
Meta-analysis was performed using Review Manager Version 5.0 software (The Cochrane Collaboration, Oxford,
United Kingdom). For continuous variables, treatment effects were expressed as weighted mean difference (WMD)
with corresponding 95%CI. For categorical variables,
treatment effects were expressed as odds ratio (OR) with
corresponding 95%CI. Heterogeneity was evaluated using
the χ 2 test, and a P value < 0.1 was considered significant[23]. The fixed-effects model was initially calculated
for all outcomes[24]. If the test rejected the assumption
of homogeneity of studies, random-effects analysis was
performed [25]. Sensitivity analysis were performed by
removing individual studies from the data set and analyzing the effect on the overall results to identify sources of
signiﬁcant heterogeneity. Subgroup analysis were also undertaken by including low-quality studies to present cumulative evidence. Funnel plots were constructed to evaluate
potential publication bias[26] based on the operative time,
hospital stay and tumor recurrence.

base searches. Final inclusion of articles was determined
by consensus from two authors; when this failed, a third
author adjudicated.
Inclusion and exclusion criteria
Two authors identiﬁed and screened the aforementioned
databases for potentially eligible studies.
Inclusion criteria: (1) Clear documentation of the operative techniques as “laparoscopic” or “open”; (2) Studies with at least one of the outcomes mentioned; and
(3) Where multiple studies came from the same institute
and/or authors, either the one of higher quality or the
most recent publication was included in the analysis.
Exclusion criteria: (1) Abstracts, letters, editorials, expert
opinions, case reports, reviews and studies lacking control
groups; (2) Studies with no clearly reported outcomes of
interest; (3) Studies dealing with HCC recurrence after
hepatectomy; and (4) Studies including patients with benign lesions or other types of malignant liver tumors.

RESULTS
Description of included trials in the meta-analysis
The search strategy initially generated 327 relevant clinical trials. Finally, 16 articles[10-12,16-20,27-34] were selected for
further investigation. Of these, two studies[12,30] were
published by the same institute and had overlapping patient populations; therefore, the higher-quality study[30]
was included. In total, 15 non-randomized comparative
studies were identiﬁed for final inclusion, out of which 9
were found to be of high quality[10,11,17,18,20,28,30,32,33]. These
were included in the final analyses. Figure 1 shows the
process of selecting comparative studies included in our
meta-analysis.

Outcomes of interest
The following outcomes were evaluated in the two approaches.
Operative outcomes: Operative time, intraoperative blood
loss and requirement for blood transfusions.
Postoperative outcomes: Hospital stay, liver failure, cirrhotic decompensation/ascites, bile leakage, postoperative bleeding, pulmonary complications (including pleural
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Table 1 Characteristics of studies included in the meta-analysis
Year

Country

Group

n

Shimada et al

2001

Japan

Laurent et al[28]

2003

France

Kaneko et al[29]

2005

Japan

Belli et al[30]

2007

Italy

Endo et al[31]

2009

Japan

Lai et al[32]

2009

China

Sarpel et al[11]

2009

United States

Aldrighetti et al[33]

2010

Italy

Tranchart et al[10]

2010

France

Nguyen et al[34]

2011

United States

Hu et al[16]

2011

China

Ker et al[19]

2011

China

Kim et al[20]

2011

South Korea

Lee et al[17]

2011

China

Truant et al[18]

2011

France

LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR

17
38
13
14
30
28
23
23
10
11
25
33
20
56
16
16
42
42
17
20
30
30
116
208
26
29
33
50
36
53

Study
[27]

Male/female
15/2
24/14
10/3
10/4
18/12
18/10
13/10
14/9
8/2
8/3
18/7
21/12
15/5
45/11
11/5
12/4
15/27
14/28
12/5
12/8
20/10
19/11
92/24
156/52
18/8
20/9
24/9
40/10
31/5
47/6

Age (yr) (mean ± SD)
62 ± 9
63 ± 79
62.6 ± 9.5
65.9 ± 5.5
59 ± 8
61 ± 10
59.5 ± 6.84
62.4 ± 7.7
72 ± 4
64 ± 2
59 (35-79)a
59 (38-77)a
63.8 ± 10.3
58.3 ± 11.0
65 ± 10
71 ± 6
63.7 ± 13.1
65.7 ± 7.1
68
65
46 ± 12
48 ± 15
58.31 ± 12.7
57.9 ± 11.2
57.84 ± 9.66
57.08 ± 9.78
59 (36-85)a
58.5 (32-81)a
60.6 ± 10.2
63.3 ± 7.6

Matching

b

Study quality

1,3,4

*****

1,3,4,5

******

1,2,3,4,5

*****

1,2,3,4,5

*******

3,4

****

1,3,4

******

1,3,4

*******

1,2,3,4,5

********

1,2,3,4,5

******

1,3,4,5

*****

1,3,4

****

1,2

****

1,2,3,4,5

******

1,2,4

*******

1,2,3,4

*******

LLR: Laparoscopic liver resection; OLR: Open liver resection. aMedian with range; b1: Age; 2: American Society of Anesthesiologists physical status score; 3:
Presence of cirrhosis; 4: Tumor size; 5: Type of liver resection.

Study and patient characteristics
The characteristics and quality assessments of included
studies are shown in Table 1. A total of 550 patients
were included: 234 patients in the LLR and 316 patients
in the OLR group. The characteristics of patients and
surgical details are summarized in Table 2. The sample
size of the included studies varied from 21 to 89 patients. The rate of conversion, from laparoscopic to
open procedure, ranged from 0% to 19.4%. Patients in
most of studies had concurrent hepatitis B infection.

LLR group as opposed to OLR (trials: 7; patients 416; OR:
0.49; 95%CI: 0.26-0.91; P = 0.02). Addition of low-quality
trials to these groups did not affect the results.
Postoperative outcomes: Six high-quality studies[10,18,20,28,30,33]
reported on length of hospital stay. Pooled outcome measure favored LLR [patients 333; WMD: -3.19 d; 95%CI:
-4.09-(-2.28) d; P < 0.00001]. A lower incidence of liver
failure was observed in patients undergoing LLR (trials 2,
patients 116; OR 0.15; 95%CI: 0.02-0.95; P = 0.04). The
incidence of postoperative ascites in seven high-quality trials (patients 416; OR: 0.32; 95%CI: 0.16-0.61; P = 0.0006)
was found to be significantly lower in LLR group. Six highquality trials[10,17,18,20,28,30] revealed no statistically significant
difference in the incidence of pulmonary complications
between the two groups (patients 384; OR: 0.43; 95%CI:
0.18-1.04; P = 0.06). However, when two low-quality trials[27,31] were also pooled together to get a cumulative result,
LLR group seemed to have a lower incidence (patients 460;
OR: 0.43; 95%CI: 0.19-0.96; P = 0.04).
No significant differences were observed between
two operative techniques in terms of other postoperative
complications, such as bile leakage (trials 3; patients 205;
OR: 0.55; 95%CI: 0.10-3.12; P = 0.50), postoperative
bleeding (trials 5; OR: 0.54; 95%CI: 0.20-1.45; P = 0.22)
and mortality (trials 5; patients 474; OR: 0.46; 95%CI:

Meta-analysis results
Results of the analyses are shown in Figure 2 and summarized in Table 3.
Operative outcomes: Six high-quality studies[10,11,18,28,30,33]
reported mean operation time, analysis of which showed
no statistically signiﬁcant difference between the two
groups (patients 354; WMD: 4.69 min; 95%CI: -22.62-32
min; P = 0.74). Similarly, six high-quality studies[10,18,20,28,30,33]
provided detailed data for estimation of blood loss between the two groups. We found that LLR had signiﬁcantly
less intraoperative blood loss compared to OLR [patients
333; WMD: -129.48 mL; 95%CI: -224.76-(-34.21) mL;
P = 0.008]. Furthermore, the rate of blood transfusions
requirement was identified to be significantly lower in the
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dividual study from each outcome measure. These exclusions did not alter the results obtained from cumulative
analyses. Additionally, the pooled result of included outcomes was not affected, when either ﬁxed effects or random effects models were used. Subgroup analyses were
undertaken for all outcome measures by including lowquality studies as well. These are summarized in Table 3.

Table 2 Characteristics of patients and surgical details
Study

Group

Shimada et al[27]

Cirrhosis
n (%)

Tumor size
Type of hepatectomy
(cm)

LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR
OLR
LLR

13 (76.4) 2.6 ± 0.9
28 (73.6) 2.5 ± 1.0
NA
3.35 ± 0.89
NA
3.43 ± 1.05
13 (43.3) 3.0 ± 0.8
NA
3.1 ± 0.9
23 (100)
3.1 ± 0.7
23 (100) 3.24 ± 0.70
6 (60)
3.0 ± 1.5
9 (81.8) 4.1 ± 0.8
23 (92)
2.5 (1-7)1

OLR
LLR
OLR
LLR
OLR
LLR

31 (93.9) 2.6 (1-8)1
9 (45)
4.3 ± 2.1
27 (48.2) 4.3 ± 2.2
9 (56.3)
4 ± 2.2
9 (56.3) 4.6 ± 2.5
31 (73.8) 3.58 ± 1.75

OLR

34 (80.9) 3.68 ± 2.09

Ker et al[19]

LLR
OLR
LLR
OLR
LLR

44 (65)
23 (35)
25 (83.3)
NA
NA

3.0
4.5
6.7 ± 3.1
8.7 ± 2.3
2.5 ± 1.2

Kim et al[20]

OLR
LLR

NA
NA

5.4 ± 3.5
3.15 (1-8)1

OLR

NA

3.6 (1-19)1

LLR
OLR
LLR
OLR

28 (84.8)
32 (64)
NA
NA

2.5 (1.5-9)1
2.9 (1.2-9)1
2.9 ± 1.2
3.1 ± 1.2

Laurent et al[28]
Kaneko et al[29]
Belli et al[30]
Endo et al[31]
Lai et al[32]

Sarpel et al[11]
[33]

Aldrighetti et al

Tranchart et al[10]

Nguyen et al[34]
Hu et al[16]

Lee et al[17]
Truant et al[18]

a = 7, b = 10
NA
a = 3, b = 7, c = 3
a = 4, b = 7, c = 3
a = 10, b = 20
a = 8 ,b = 20
a = 5, b = 3, c = 15
a = 6, b = 5, c = 12
NA
NA
a = 6, b = 8, c = 10,
d=1
a = 2, b = 18, c = 13
NA
NA
a = 5, b = 2, c = 9
a = 5, b = 2, c = 9
a = 9, b = 15, c = 10,
d = 3, e = 2, f = 3
a = 7, b = 13, c = 10,
d = 3, e = 2, f = 7
a = 6, b = 5, e = 6
a = 6, b = 8, e = 6
NA
a = 10, b = 20
a = 7, c = 97, e = 4,
g=8
NA
a = 4, b = 4, c = 13,
d = 4, e = 1
a = 3, b = 10, c = 9,
d = 5, e = 2
a = 18, h = 15
a = 10, h = 40
a = 22, b or f = 14
a = 26, b or f = 27

Publication bias
The funnel plot was based on the operation time, hospital stay and tumor recurrence, which is shown in Figure 3.
As no study lies outside the limits of the 95%CI, there
was no evidence of publication bias.

DISCUSSION
LLR is a challenging technique for surgeons as the liver
has unique anatomical features which present technical
difficulties for parenchymal transections-massive hemorrhage and bile leak from intrahepatic vessels[11,29]. Presence
of cirrhosis in patients undergoing LLR makes parenchymal transaction an even more delicate and demanding
procedure[11]. Rare but fatal complications such as a gas
embolism caused by the pneumoperitoneum through
hepatic venous branches on the hepatic stump during
parenchymal division of the liver have also been reported[27]. On the contrary, increased experience, technical
reﬁnement and improvement in surgical equipment have
increased the safety of liver resection as a curative treatment for benign or malignant liver lesions[35-38]. In spite
of these advancements, LLR has not been very popular
for HCC, partly because of the controversies related to
resection margins, tumor seeding, incision related metastasis, and long-term survival[32]. However, the difference in
outcomes between LLR and OLR in HCC has not been
evaluated in a randomized controlled trial. Most reported
studies are retrospective, single-institution series with a
small number of patients, which makes it difficult to interpret outcomes appropriately. In order to overcome these
limitations, we have endeavored to pool all the relevant
available data and perform a meta-analysis. Although our
result is similar to previously reports[13-15] in some aspects,
such as operative blood loss, blood transfusion requirement, length of hospital stay and tumor recurrence, our
analysis included more high-quality case-matched studies
as well as more patients and therefore, provides an up to
date and high-quality evidence regarding the perioperative
and long-term outcomes of patients with HCC undergoing LLR vs OLR.
We found no significant difference in the 30-d mortality between the two groups. The results from this
analysis indicate that LLR was successfully completed in
most patients, with a rate of conversion to open surgery
ranging from 0% to 19.4%. These results point towards
the feasibility of LLR for patients with HCC.
There was no significant difference in operative time
between the two techniques, based on our analysis, which
can be explained by current advances in surgical instru-

1

Median and (range). LLR: Laparoscopic liver resection; OLR: Open liver
resection; NA: Not available; a: Left lateral segmentectomy; b: Segmentectomy; c: Subsegmentectomy; d: Right hepatectomy; e: Left hepatectomy;
f: Bisegmentectomy; g: Right anterior sectorectomy; h: Nonanatomical
resection.

0.14-1.51; P = 0.20).
Two high-quality trials[20,30] reported intra-abdominal
abscess formation in their patient populations. However,
one of these did not have any events in both the groups
and was subsequently excluded. A subgroup analysis was
therefore undertaken including a low-quality study, which
also did not show an association of intra-abdominal abscess formation with the type of operative technique (patients 122; OR: 0.72; 95%CI: 0.12-4.54; P = 0.73).
Oncologic outcomes: We did not find any significant
differences in the rate of positive margins (trials 4; patients 287; OR: 0.59; 95%CI: 0.21-1.62; P = 0.31) and tumor recurrence (trials 6; patients 416; OR: 0.95; 95%CI:
0.62-1.46; P = 0.81).
Sensitivity and subgroup analysis
Sensitivity analyses were carried out by excluding each in-
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Table 3 Results of meta-analysis comparing laparoscopic vs open hepatectomy (only high-quality studies)
Outcome of interest

No. of studies No. of patients

Operative outcomes
Operation time (min)
Intraoperative blood loss (mL)
Blood transfusions requirement
Postoperative outcomes
Liver failure
Cirrhotic decompensation/ascites
Bile leakage
Postoperative bleeding
Pulmonary complications
Intra-abdominal abscess
Mortality
Hospital stay
Oncologic outcomes
Surgery margin positive rate
Tumor recurrence

OR/WMD

6
6
7

354
333
416

4.69
-129.48
0.49

2
7
3
5
6
2
8
6

116
416
205
287
384
101
474
333

5
7

287
416

P value

95%CI

Heterogeneity P value
0.0002
0.01
0.89

I 2 (%)

-22.62, 32.00
-224.76, -34.21
0.26, 0.91

0.74
0.008
0.02

79
67
0

0.15
0.32
0.55
0.54
0.43
0.21
0.46
-3.19

0.02, 0.95
0.16, 0.61
0.10, 3.12
0.20, 1.45
0.18, 1.04
0.01, 4.53
0.14, 1.51
-4.09, -2.28

0.04
0.001
0.50
0.22
0.06
0.32
0.20
< 0.00001

1.00
0.95
0.86
0.83
0.46
0.64
0.91

0
0
0
0
0
0
0

0.59
0.95

0.21, 1.62
0.62, 1.46

0.31
0.81

0.65
0.93

0
0

WMD: Weighted mean difference; OR: Odds ratio.

A

Operative time
Lap
SD

Study or subgroup

mean

Laurent 2003
Belli 2007
Sarpei 2009
Aldrighetti 2010
Tranchart 2010
Truant 2011

267
79
148
29.73
161
37
150
57
233.1 92.7
193.4 104

Total
13
23
20
16
42
36

mean

Open
SD

182
57
125.21 17.48
165
53
240
121
221.8
46.3
215.8
88.7

Total

Weight

Mean difference
IV, radom, 95%CI

14
23
56
16
42
53

12.8%
22.6%
20.9%
10.1%
18.2%
15.4%

85.00 (32.70, 137.30)
22.79 (8.70, 36.88)
-4.00 (-25.35, 17.35)
-90.00 (-155.54, -24.46)
11.30 (-20.04, 42.64)
-22.40 (-63.93, 19.13)

Total (95%CI)
150
204 100.0%
2
2
2
Heterogeneity: t = 809.09; χ = 23.83; df = 5 (P = 0.0002); I = 79%
Test for overall effect: Z = 0.34 (P = 0.74)

Mean difference
IV, radom, 95%CI

4.69 (-22.62, 32.00)
-200

-100
0
100
200
Favours lap
Favours open

Intraoperative blood loss
Study or subgroup

mean

Lap
SD

Laurent 2003
Belli 2007
Aldrighetti 2010
Tranchart 2010
Truant 2011
Kim 2011

620
260
258
364.3
452.2
70

130
127
186
435.7
442
150

Total

mean

Open
SD

13
23
16
42
36
26

720
376.95
617
723.7
447.2
90

240
114.32
433
559.5
449.8
182

Total

Weight

Mean difference
IV, radom, 95%CI

Mean difference
IV, radom, 95%CI

14
23
16
42
53
29

17.1%
24.5%
10.6%
11.6%
13.4%
22.7%

-100.00 (-244.22, 44.22)
-116.95 (-186.78, -47.12)
-359.00 (-589.91, -128.09)
-359.40 (-573.86, -144.94)
5.00 (-183.44, 193.44)
-20.00 (-107.82, 67.82)

Total (95%CI)
156
177 100.0% -129.48 (-224.76, -34.21)
2
2
2
Heterogeneity: t = 8380.19; χ = 15.06; df = 5 (P = 0.01); I = 67%
-1000
-500
Test for overall effect: Z = 2.66 (P = 0.008)
Favours lap

0

500
1000
Favours open

Blood transfusions requirement
Study or subgroup

Lap
Events Total

Laurent 2003
Belli 2007
Aldrighetti 2010
Tranchart 2010
Truant 2011
Lee 2011
Kim 2011

13
23
16
42
36
33
26

Weight

4
4
6
7
2
5
7

14
23
16
42
53
50
29

12.1%
15.0%
15.3%
21.5%
5.3%
12.7%
18.2%

Total (95%CI)
189
Total events
17
35
2
2
Heterogeneity: χ = 2.31; df = 6 (P = 0.89); I = 0%
Test for overall effect: Z = 2.26 (P = 0.02)

227

100.0%
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1
0
4
4
1
2
5

Open
Events Total

Odds ratio
M-H, fixed, 95%CI
0.21 (0.02,
0.09 (0.00,
0.56 (0.12,
0.53 (0.14,
0.73 (0.06,
0.58 (0.11,
0.75 (0.21,

Odds ratio
M-H, fixed, 95%CI

2.18)
1.82)
2.54)
1.95)
8.35)
3.19)
2.73)

0.49 (0.26, 0.91)
0.01
0.1
Favours lap

6662

1

10
100
Favours open
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B

Liver failure
Study or subgroup

Lap
Events Total

Laurent 2003
Truant 2011

1
0

13
36

Total (95%CI)
49
Total events
1
2
2
Heterogeneity: χ = 0.00; df = 1 (P = 1.00); I = 0%
Test for overall effect: Z = 2.02 (P = 0.04)

Open
Events Total
5
4

Weight

Odds ratio
M-H, fixed, 95%CI

14
53

55.2%
44.8%

0.15 (0.01, 1.52)
0.15 (0.01, 2.89)

67

100.0%

0.15 (0.02, 0.95)

Odds ratio
M-H, fixed, 95%CI

9
0.01
0.1
Favours lap

1

10
100
Favours open

Postoperative ascites
Study or subgroup
Laurent 2003
Belli 2007
Tranchart 2010
Aldrighetti 2010
Kim 2011
Truant 2011
Lee 2011

Lap
Events Total
1
3
3
0
0
5
0

13
23
42
16
26
36
33

Open
Events Total

Weight

5
8
11
1
1
12
2

14
23
42
16
29
53
50

12.8%
20.0%
29.4%
4.2%
4.0%
24.0%
5.7%

Total (95%CI)
189
Total events
12
40
2
2
Heterogeneity: χ = 1.64; df = 6 (P = 0.95); I = 0%
Test for overall effect: Z = 3.42 (P = 0.0006)

227

100.0%

Odds ratio
M-H, fixed, 95%CI
0.15
0.28
0.22
0.31
0.36
0.55
0.29

(0.01,
(0.06,
(0.06,
(0.01,
(0.01,
(0.18,
(0.01,

Odds ratio
M-H, fixed, 95%CI

1.52)
1.24)
0.85)
8.28)
9.19)
1.73)
6.23)

0.32 (0.16, 0.61)
0.01
0.1
Favours lap

1

10
100
Favours open

Bile leakage
Study or subgroup

Lap
Events Total

Tranchart 2010
Aldrighetti 2010
Truant 2011

1
0
0

42
16
36

Total (95%CI)
94
Total events
1
2
2
Heterogeneity: χ = 0.29; df = 2 (P = 0.86); I = 0%
Test for overall effect: Z = 0.67 (P = 0.50)

Open
Events Total
1
1
1

Weight

Odds ratio
M-H, fixed, 95%CI

42
16
53

26.9%
40.0%
33.1%

1.00 (0.06, 16.53)
0.31 (0.01, 8.28)
0.48 (0.02, 12.10)

111

100.0%

Odds ratio
M-H, fixed, 95%CI

0.55 (0.10, 3.12)

3
0.01
0.1
Favours lap

1

10
100
Favours open

Postoperative bleeding
Study or subgroup

Lap
Events Total

Laurent 2003
Tranchart 2010
Aldrighetti 2010
Kim 2011
Truant 2011

0
1
4
0
1

13
42
16
26
36

Open
Events Total

Weight

Odds ratio
M-H, fixed, 95%CI

2
2
4
2
2

14
42
16
29
53

20.8%
17.5%
26.8%
20.8%
14.1%

0.19 (0.01, 4.25)
0.49 (0.04, 5.59)
1.00 (0.20, 4.95)
0.21 (0.01, 4.53)
0.73 (0.06, 8.35)

Total (95%CI)
133
Total events
6
12
2
2
Heterogeneity: χ = 1.45; df = 4 (P = 0.83); I = 0%
Test for overall effect: Z = 1.22 (P = 0.22)

154

100.0%

0.54 (0.20, 1.45)

Odds ratio
M-H, fixed, 95%CI

0.01
0.1
Favours lap

1

10
100
Favours open

Pulmonary complications
Study or subgroup

Lap
Events Total

Laurent 2003
Belli 2007
Tranchart 2010
Truant 2011
Lee 2011
Kim 2011

13
23
42
36
33
26

Weight

1
5
4
3
6
0

14
23
42
53
50
29

4.8%
28.2%
23.1%
13.9%
27.3%
2.6%

Total (95%CI)
173
Total events
7
19
2
2
Heterogeneity: χ = 4.67; df = 5 (P = 0.46); I = 0%
Test for overall effect: Z = 1.88 (P = 0.06)

211

100.0%
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2
1
1
1
1
1

Open
Events Total

Odds ratio
M-H, fixed, 95%CI
2.36
0.16
0.23
0.48
0.23
3.47

Odds ratio
M-H, fixed, 95%CI

(0.19, 29.71)
(0.02, 1.53)
(0.02, 2.17)
(0.05, 4.77)
(0.03, 2.00)
(0.14, 88.99)

0.43 (0.18, 1.04)
0.01
0.1
Favours lap

6663

1

10
100
Favours open
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Intraabdominal abscess
Lap
Events Total

Study or subgroup
Belli 2007
Kim 2011

0
0

Total (95%CI)
Total events
0
Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)

23
26

Open
Events Total
0
2

49

Weight

Odds ratio
M-H, fixed, 95%CI

23
29

100.0%

Not estimable
0.21 (0.01, 4.53)

52

100.0%

0.21 (0.01, 4.53)

Odds ratio
M-H, fixed, 95%CI

2
0.01
0.1
Favours lap

1

10
100
Favours open

Mortality
Lap
Events Total

Study or subgroup
Laurent 2003
Belli 2007
Lai 2009
Aldrighetti 2010
Tranchart 2010
Truant 2011
Kim 2011
Lee 2011

0
1
0
0
1
0
0
0

13
23
25
16
42
36
26
33

Total (95%CI)
214
Total events
2
2
2
Heterogeneity: χ = 2.51; df = 4 (P = 0.64); I = 0%
Test for overall effect: Z = 1.28 (P = 0.20)

Open
Events Total
2
0
1
0
1
4
0
0

Weight

14
23
33
16
42
53
29
50

26.9%
5.4%
14.7%

260

100.0%

11.3%
41.7%

Odds ratio
M-H, fixed, 95%CI

Odds ratio
M-H, fixed, 95%CI

0.19 (0.01, 4.25)
3.13 (0.12, 81.00)
0.42 (0.02, 10.87)
Not estimable
1.00 (0.06, 16.53)
0.15 (0.01, 2.89)
Not estimable
Not estimable
0.46 (0.14, 1.51)

8
0.01
0.1
Favours lap

1

10
100
Favours open

Hospital stay
Study or subgroup

mean

Lap
SD

Total

mean

Open
SD

Total

Weight

Odds ratio
IV, fixed, 95%CI

Laurent 2003
Belli 2007
Aldrighetti 2010
Tranchart 2010
Truant 2011
Kim 2011

15.3
8.2
6.3
6.7
6.5
11.08

8.6
2.6
1.7
5.9
2.7
4.96

13
23
16
42
36
26

17.3
12.04
9
9.6
9.5
16.07

18.9
3.93
3.8
3.4
4.8
10.697

14
23
16
42
53
29

0.7%
22.2%
19.8%
19.4%
33.6%
4.4%

-2.00 (-12.95, 8.95)
-3.84 (-5.77, -1.91)
-2.70 (-4.74, -0.66)
-2.90 (-4.96, -0.84)
-3.00 (-4.56, -1.44)
-4.99 (-9.32, -0.66)

177

100.0%

-3.19 (-4.09, -0.66)

Total (95%CI)
156
2
2
Heterogeneity: χ = 1.50; df = 5 (P = 0.91); I = 0%
Test for overall effect: Z = 6.89 (P < 0.00001)

C

Odds ratio
IV, fixed, 95%CI

-10 -5 0 5 10
Favours lap
Favours open

Positive resection margins
Study or subgroup

Lap
Events Total

Laurent 2003
Belli 2007
Sarpel 2009
Lee 2011
Kim 2011

13
23
20
33
26

Weight

2
0
15
1
1

14
23
56
50
29

15.6%

Total (95%CI)
115
Total events
6
19
2
2
Heterogeneity: χ = 1.65; df = 3 (P = 0.65); I = 0%
Test for overall effect: Z = 1.03 (P = 0.31)

172

100.0%
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2
0
2
1
1

Open
Events Total

68.2%
7.4%
8.7%

Odds ratio
M-H, fixed, 95%CI

Odds ratio
M-H, fixed, 95%CI

1.09 (0.13, 9.12)
Not estimable
0.30 (0.06, 1.47)
1.53 (0.09, 25.37)
1.12 (0.07, 18.86)
0.59 (0.21, 1.62)
0.05
0.2
Favours lap

6664

1

5
20
Favours open
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Tumor recurrence
Lap
Events Total

Study or subgroup
Laurent 2003
Belli 2007
Aldrighetti 2010
Tranchart 2010
Kim 2011
Truant 2011
Lee 2011

5
0
6
10
7
16
15

Open
Events Total

13
23
16
42
26
36
33

Weight
9.8%

Odds ratio
M-H, fixed, 95%CI

7
0
6
12
10
23
19

14
23
16
42
29
53
50

8.8%
21.5%
16.2%
24.3%
19.4%

0.63 (0.14, 2.89)
Not estimable
1.00 (0.24, 4.18)
0.78 (0.29, 2.07)
0.70 (0.22,2.22)
1.04 (0.44, 2.45)
1.36 (0.56, 3.32)

Total (95%CI)
189
Total events
59
77
2
2
Heterogeneity: χ = 1.38; df = 5 (P = 0.93); I = 0%
Test for overall effect: Z = 0.24 (P = 0.81)

227

100.0%

0.95 (0.62, 1.46)

Odds ratio
M-H, fixed, 95%CI

0.01
0.1
Favours lap

1

10
100
Favours open

Figure 2 Forest plots demonstrating operative, postoperative and oncologic outcomes. A: Forest plots illustrating results of operative outcomes in the form of
meta-analysis comparing laparoscopic vs open resection for hepatocellular carcinoma (high-quality studies only); B: Forest plots illustrating results of postoperative
outcomes in the form of meta-analysis comparing laparoscopic vs open resection for hepatocellular carcinoma (high-quality studies only); C: Forest plots illustrating
results of oncologic outcomes in the form of meta-analysis comparing laparoscopic vs open resection for hepatocellular carcinoma (high quality studies only). Pooled
weighted mean difference or odds ratio with 95%CI was calculated using the fixed-effects or random effects model. IV: Iverse variance; M-H: Mantel-Haenszel.
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Figure 3 Funnel plot to investigate publication bias. The laparoscopic vs the open group: A funnel plot showing the operation time, hospital stay and tumor recurrence. OR: Odds ratio; MD: Mean difference.

ports in literature indicating that significant intraoperative blood loss and blood transfusion are associated with
recurrence and survival rates after resection of HCC[41-43].
Hence reduced blood loss in LLR is favorable. Results
from this meta-analysis also reveal a significant reduction
in the postoperative hospital stay in the LLR group. These
findings are consistent with laparoscopic procedures

mentation and technology, as well as surgeons’ experience
and learning curve[39]. Our results demonstrate that LLR
is associated with signiﬁcantly less intraoperative blood
loss and blood transfusion requirement, which can partly
be explained by the hemostatic effect of pneumoperitoneum on the hepatic vein branches[30,40] and also image
magniﬁcation during LLR[33]. There have been some re-
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where patients have faster ambulation, early oral intake
and reduced analgesic requirements[11,33].
There is growing evidence to suggest that LLR is associated with less postoperative morbidity particularly
with regards to developing postoperative ascites and
liver failure. The reduction in the incidence of postoperative ascites in LLR might be due to preservation of
the abdominal wall collateral circulation, by avoiding
long abdominal incisions and preservation of the round
ligament, which may contain significant collateral veins,
thereby reducing portal hypertension and intraoperative
fluid requirements[44]. Other favorable factors associated with LLR include less frequent mobilization and
manipulation of the liver, reduced ﬂuid requirements,
decreased blood loss, early ambulation and oral food
intake and reduced third space accumulation leading to
hyperaldosteronism[28,30,45-47].
Incomplete tumor resection with positive resection
margins is perceived to be a potential disadvantage in
LLR[33]. However, our results reveal no significant difference in the margin positive rate between the LLR and
OLR groups. Further analysis revealed no difference in
recurrence between the two groups. These ﬁndings can
be attributed to the use of intraoperative ultrasonography in LLR or OLR. Intraoperative ultrasonography is
a sensitive tool for accurate identiﬁcation of lesions and
orientation of borders for non-tumorous tissue[48,49]. The
other consideration for laparoscopic resection of malignancies is the potential of peritoneal dissemination, or
port-site metastasis[50-52]. However we did not encounter
any case of peritoneal dissemination or port-site metastasis in our analysis.
Although our analysis shows apparent advantages of
LLR over OLR for HCC, it is important to highlight that
most of the patients included in our meta-analysis underwent segmentectomy or subsegmentectomy for peripheral
lesions located in the anterolateral segments of the liver.
Although it is encouraging that our results have been consistent throughout the sensitivity analyses, this meta-analysis also has some limitations which should be considered
when interpreting its results and warrants a discussion.
Firstly, all of the studies included were non-randomized,
retrospective trials, which inevitably add a degree of selection bias to the results and can lead to over/under estimation of the measured effect. Since factors such as tumor
location, extent of liver cirrhosis and tumor size are important determinants of outcome, we matched the two
groups based on these important factors to eliminate bias
and improve the validity of our results[53].
Secondly, we observed some heterogeneity in certain
outcome measures. This might be explained by differences in surgical techniques, retrospective nature of the
studies, and limited blinded outcome assessment in some
of the trials. However investigation of heterogeneity using meta-regression was not possible due to small number of studies.
Thirdly, there was inconsistency in the definition of
some outcomes in different studies, making it difficult
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to pool the results together. Using standardized guidelines to report outcomes can potentially overcome this
problem and would allow more studies to be included in
meta-analyses, leading to more reliable conclusions.
Finally, it is important to note that surgeons’ experience and volume of cases operated in a particular hospital may affect these outcome measures tremendously.
Unfortunately, none of the studies included in this analysis provided details of these factors and therefore, we
were unable to assess the effect in such settings. Future
trials should carefully consider such stratification while
designing their studies and interpreting their data.
In conclusion, the results of this comprehensive, highquality up to date meta-analysis indicate that LLR is feasible and safe for the treatment of HCC. LLR should be
performed in selected patients by expert surgeons in high
volume centers. Further research by undertaking well designed, prospective randomized controlled trials can conﬁrm
the advantages of LLR for the management of HCC.
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tumor comparing with open liver resection (OLR) because of good cosmetic results and less trauma, but its role remains controversial when LLR is applied to
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In order to compare the safety and effectiveness between the LLR and OLR,
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outcomes of these two surgical methods for HCC in this study.
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incidences of operation time, bile leakage, postoperative bleeding, pulmonary
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cal and immunohistochemical examination revealed
a 5 mm × 3 mm serotonin-positive endocrine tumor.
Fibrosis was present around the MPD and seemed to
cause stricture. A 32-year-old asymptomatic man had
elevated serum amylase, and US demonstrated dilation
of the MPD. No tumor was detected by CT and MRI.
Pancreatic cancer was suspected due to stricture and
dilation of the MPD. Pancreatectomy of middle part of
pancreas was performed. Pathological and immunohistochemical examination revealed a serotonin-positive
endocrine tumor sized 5 mm × 4 mm. We report 2
cases of serotonin-positive pancreatic endocrine tumors that caused stricture of the MPD in spite of the
small size of the tumor.

Abstract

Ogawa M, Kawaguchi Y, Maruno A, Ito H, Nakagohri T,
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We report 2 cases of pancreatic endocrine tumors that
caused obstruction of the main pancreatic duct (MPD).
A 49-year-old asymptomatic man was referred to our
institution because dilation of the MPD was revealed
by abdominal ultrasonography (US). No tumor was
detected by endoscopic ultrasonography, computed
tomography (CT), and magnetic resonance imaging
(MRI). The diameter of the MPD was > 20 mm at the
body, and no dilation was noted at the head. Although
malignancy was not confirmed through cytology or
imaging, pancreatic cancer was strongly suspected.
Pancreaticoduo- denectomy was performed. Pathologi-
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INTRODUCTION
Pancreatic endocrine tumors, also known as islet cell
tumors, are rare neoplasms and occur in approximately
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1 of 100 000 people, representing 1% to 10% of all
pancreatic neoplasms[1-3]. Some pancreatic endocrine tumors release hormones into the blood stream that cause
clinical syndromes, whereas others are non-syndromic
and present as mass lesion[4,5]. The overall prevalence of
functional pancreatic endocrine tumors is reported to be
approximately 10/1 000 000. In contrast, the prevalence
of pancreatic endocrine tumors reported by autopsy
studies is higher (0.5% to 1.5%)[6]. Multi-detector row
computed tomography (CT) plays an important role in
the diagnosis and staging of both syndromic and nonsyndromic pancreatic endocrine tumors. In general, syndromic pancreatic endocrine tumors are less than 3 cm
in size. They are typically strongly enhanced and usually
best seen on CT scans obtained during the arterial phase.
Compared to syndromic pancreatic endocrine tumors,
non-syndromic pancreatic endocrine tumors tend to be
larger at presentation and are more likely to be cystic or
necrotic[7]. In previous studies, endoscopic retrograde
pancreatography (ERP) has been used to detect main
pancreatic duct (MPD) stenosis and dilation of the upstream pancreatic duct caused by pancreatic endocrine
tumors[8,9]. In addition, pancreatic endocrine tumors with
serotonin production is suggested to be associated with
prominent stromal fibrosis, which can extend to the
MPD, causing ductal stenosis and upstream dilatation of
the duct and/or upstream pancreatic atrophy[10,11]. We recently encountered 2 cases of small pancreatic endocrine
tumors that revealed serotonin-positive by immnohistochemical staining causing obstruction of the MPD.

tumor but MPD stenosis and dilatation was revealed by
MRI. EUS demonstrated presence of a small pancreatic
tumor. ERCP revealed MPD stenosis and upstream dilatation (Figure 4). Cytology was benign.
Pancreatectomy of middle part of pancreas was performed and pathological examination revealed an endocrine tumor sized 5 mm × 4 mm. Tumors with stromal
fibrosis can cause stenosis of the pancreatic duct. Immunohistochemical staining of the tumor cells was positive for chromogranin A, synaptophysin, and serotonin
(Figure 5). The Ki-67 labeling index was less than 1%,
and we made the diagnosis of NET G1.

DISCUSSION
Pancreatic endocrine neoplasms that produce serotonin,
including carcinoid tumors, account for only a small
portion of pancreatic endocrine neoplasms. Compared
with other well-differentiated endocrine neoplasms of
the pancreas, pancreatic carcinoid tumors are associated with a higher rate of malignant behavior[12]. These
pancreatic neoplasms may have the poor prognosis since
they are usually found at an advanced stage, after distant
metastases have occurred, and the patient has developed
carcinoid syndrome. The problem is that the mass lesion
is often asymptomatic and indistinct at early stages. In
addition, Shi et al[11] reported that in serotonin-producing
tumors, the neoplasm was subtle or unapparent on CT
images; only marked dilatation of the upstream pancreatic duct or marked atrophy of the upstream pancreas
was visible. Isolated reports of an association of pancreatic carcinoid tumor with dilatation of the pancreatic
duct have been described before. Nagai et al[10] reported
a case of pancreatic carcinoid tumor with obstructive
pancreatitis. ERP revealed MPD stenosis and dilatation
of the upstream pancreatic duct. They suggested that
the pancreatic carcinoid tumor obstructing the pancreatic duct might have arisen from argentaffin cells located
in the MPD. However, no clear relationship between
pancreatic endocrine neoplasms and pancreatic duct
stenosis has been described. Takaji et al[13] reported that
3 of 4 cases showed MPD dilatation upstream of the
tumor. Our 2 cases were similar to these reports; the tumors were subtle on CT or MRI images and a markedly
dilated MPD was noted, and they had no symptoms as
carcinoid syndrome. We decided to perform the pancreatic resection because there was a possibility of pancreatic duct dilation was caused by a tumor. As a result, we
could treat the pancreatic endocrine tumor in early stage.
We observed that the serotonin immunoreactivity correlated with the degree of stromal fibrosis and that stromal fibrosis caused MPD stenosis. Carcinoid tumors of
the midgut, in which serotonin is the predominant hormone secreted by neoplastic cells, are usually associated
with extensive fibrosis[14]. In addition, serotonin has been
shown to stimulate fibroblast mitosis in cell cultures[15].
Recently, serotonin has been shown to play a crucial
role in the progression of liver fibrosis by enhancing

CASE REPORT
Case 1
A 49-year-old asymptomatic man was referred to our
institution because dilatation of the MPD was revealed
by abdominal ultrasonography (US). However, no tumor
was observed by endoscopic ultrasonography (EUS), CT,
and magnetic resonance imaging (MRI). The diameter of
the MPD was > 20 mm at the body and no dilation was
noted at the head. Endoscopic retrograde cholangiopancreatography (ERCP) was performed; the MPD showed
crab-like appearance (Figure 1). Cytology was benign.
Although we could not confirm malignancy through
cytology or imaging, pancreatic cancer was strongly suspected. Pancreaticoduodenectomy was performed, and
pathological examination revealed a 5 mm × 3 mm tumor. Fibrosis was present around the MPD and seemed
to cause stricture (Figure 2).
Immunohistochemical staining of tumor samples
was positive for chromogranin A, synaptophysin, and
serotonin (Figure 3). The MIB-1 (Ki-67) labeling index
was less than 1%. We made the diagnosis of neuroendocrine tumor of grade 1 (NET G1).
Case 2
A 32-year-old man with no symptom had elevated serum
amylase, and US demonstrated dilation of the MPD. No
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D

Figure 1 No tumor was detected by endoscopic ultrasonography, computed tomography and magnetic resonance imaging. The diameter of the main pancreatic duct was > 20 mm at the body. A: Ultrasonography; B: Endoscopic ultrasonography; C: Computed tomography; D: Magnetic resonance cholangiopancreatography; E: Endoscopic retrograde pancreatography.

A

B

Figure 2 Pathological findings (hematoxylin/eosin staining). A: A 5 mm × 3 mm tumor was detected (arrows); B: Fibrosis was present around the main pancreatic
duct (arrow), and it seemed to cause stricture.

A

B

C

Figure 3 Immunohistochemical staining was positive for chromogranin A, synaptophysin and serotonin. A: Hematoxylin/eosin staining; B: Chromogranin A; C:
Serotonin. Ki-67 labeling index was less than 1%.
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A

B

C

D

A

Figure 4 Dilation of the main pancreatic duct. Endoscopic ultrasonography
was demonstrated presence of a small
pancreatic tumor. A: Ultrasonography;
B: Magnetic resonance imaging; C:
Magnetic resonance cholangiopancreatography; D: Endoscopic retrograde
pancreatography.

B

C

MPD

Figure 5 Pathological findings (hematoxylin and eosin staining) and immunohistochemical staining. A: A 4 mm × 5 mm tumor was detected (arrows); B: Chromogranin A; C: Serotonin. MPD: Main pancreatic duct.

the production of transforming growth factor β via selective activation of the 5-HT2A serotonin receptors[16].
Shi et al[11] reported that a small portion of pancreatic
endocrine neoplasms produces serotonin. Serotonin
production may be associated with stromal fibrosis, and
fibrosis, in turn, can cause stenosis of the pancreatic
duct. In clinical practice, imaging findings of pancreatic
duct stenosis that is out of proportion to the size of the
causative strongly enhanced mass or that does not have
an associated distinct mass are indicative of a pancreatic
neoplasm. Recently, it was reported that many pancreatic
NETs express high levels of somatostatin receptors, so
somatostatin-receptor scintigraphy (OctreoScan) can be
imaged with a radiolabeled form of the somatostatin
analog octreotide. Somatostatin receptor scintigraphy
has proven particularly effective for visualizing gastrinomas, glucagonomas, and nonfunctioning pancreatic
tumors. However, in another study of 37 patients with
a NET, MRI and CT were substantially superior to SRS
for detection of liver metastases. The sensitivity of Oc-

WJG|www.wjgnet.com

treoScans was found to be particularly poor (< 35 percent) in lesions smaller than 1.5 cm in diameter[17].
In conclusion, we report 2 cases of serotonin-positive pancreatic endocrine tumors that caused stricture
of the MPD in spite of the small size of the tumor. It
is necessary to consider that the MPD stenosis and upstream dilatation caused by the tiny pancreatic endocrine
tumor as the differential diagnosis in addition to chronic
pancreatitis and pancreatic cancer.
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and with short-term hospitalization, even in patients
with surgically altered anatomies.
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Abstract
Endoscopic intervention is less invasive than percutaneous or surgical approaches and should be considered
the primary drainage procedure in most cases with
obstructive jaundice. Recently, therapeutic endoscopic
retrograde cholangiopancreatography (ERCP) using
double-balloon enteroscopy (DBE) has been shown to
be feasible and effective, even in patients with surgically altered anatomies. On the other hand, endoscopic partial stent-in-stent (PSIS) placement of selfexpandable metallic stents (SEMSs) for malignant hilar
biliary obstruction in conventional ERCP has also been
shown to be feasible, safe and effective. We performed
PSIS placement of SEMSs for malignant hilar biliary obstruction due to liver metastasis using a short DBE in a
patient with Roux-en-Y anastomosis and achieved technical and clinical success. This procedure can result in
quick relief from obstructive jaundice in a single session

WJG|www.wjgnet.com

INTRODUCTION
Endoscopic intervention is less invasive than percutaneous or surgical approaches and should be considered the
primary drainage procedure in most cases with obstructive jaundice. Recently therapeutic endoscopic retrograde
cholangiopancreatography (ERCP) using double-balloon
enteroscopy (DBE) has been shown to be safe and feasible, even in patients with surgically altered anatomies[1-4].
On the other hand, the placement of biliary stents is effective for the palliation of unresectable malignant hilar
biliary obstruction in conventional ERCP[5-8]. In particular, as we previously described, endoscopic partial stentin-stent (PSIS) placement of self-expandable metallic
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stents (SEMSs) for malignant hilar biliary obstruction
has been shown to be feasible, safe and effective[7,8], but
it can be technically challenging. We report a case of a
postoperative surgical patient who was managed successfully with a PSIS placement of SEMSs for malignant
hilar biliary obstruction using a short DBE.

A

CASE REPORT
A 63-year-old male underwent total gastrectomy with
Roux-en-Y reconstruction and sigmoidectomy due to
simultaneous gastric and sigmoid colon cancer. Despite
treatment with adjuvant chemotherapy, the patient’s liver
and lymph node metastases increased and caused obstructive jaundice, but no cholangitis. Computed tomography imaging showed dilation of the left intrahepatic
bile duct due to liver metastasis, which occupied the right
lobe (Figure 1A). For endoscopic biliary drainage, endoscopic retrograde cholangiography with a short DBE,
EC-450BI5 (Fujifilm, Tokyo, Japan), was performed.
The cholangiography revealed hilar biliary obstruction
and a dilated left intrahepatic bile duct with tumor invasion extending to the bifurcation of the left lateral
sectional bile duct branches (Figure 1B). After needleknife sphincterotomy, a 0.035-inch guidewire was passed
selectively into the left lateral superior bile duct branch
(B3). The first uncovered SEMS (Zeostent 10 mm × 80
mm; Zeon Medical Inc., Tokyo, Japan) was deployed,
with the proximal end in B3 and the distal end in the
common bile duct. The guidewire remained in place, and
the delivery system was removed. Subsequently, the wire
was passed by catheter into the left lateral inferior bile
duct branch (B2) through the mesh of the initial SEMS.
Following balloon dilation (8 mm) at the stricture (Figure
2A), the second uncovered SEMS (Zeostent 10 mm ×
100 mm) was smoothly deployed, with the proximal end
in B2 through the mesh of the initial SEMS, forming a
PSIS (Figure 2B). The patient was immediately relieved
of jaundice and left our hospital in 7 d. He recovered
enough to receive another round of chemotherapy on an
outpatient basis.

B

Figure 1 The hilar biliary obstruction due to liver metastasis occupying
the right lobe and a dilated left intrahepatic bile duct with tumor invasion
extending to the bifurcation of the lateral bile duct branch. A: Computed tomography image; B: Cholangiography.

placement of SEMSs for malignant hilar biliary obstruction has been shown to be feasible, safe and effective in
conventional ERCP[5-8]. We previously reported that this
procedure is safe and effective even in cancer patients receiving chemotherapy[8].
Therefore, in this case of a cancer patient with Rouxen-Y anastomosis, we used a short DBE to perform PSIS
placement of SEMSs for malignant hilar biliary obstruction and achieved technical and clinical success. Almost
all conventional accessories, including uncovered SEMS,
were available, as we used a short DBE with a working
channel of 2.8 mm in diameter and a 152 cm in length.
Percutaneous stent insertion for malignant obstructive jaundice had significantly higher 30-d mortality than
the endoscopic method (33% vs 15%, P = 0.016) in a randomized trial[9]. Complications related with percutaneous
transhepatic biliary drainage (PTBD), including intraperitrial hemorrhage, hemobilia, bile leakage, and pleural complications, can be avoided by using endoscopic drainage[10].
In our cases, 2 PTBD routes would have been required
for the placement of 2 SEMSs at B2 and B3, respectively.
In addition, 2 sessions would have been required for the
placement of the SEMSs, that is, the SEMSs are usually
placed one week after the initial PTBD. The endoscopic
procedure could protect our patient from the risks associated with more invasive drainage procedures, such as
PTBD and surgical drainage, the latter of which is associated with high morbidity and mortality rates. Furthermore,
the patient needed no further long-term hospitalization

DISCUSSION
In patients with surgically altered anatomy and long afferent limbs, ERCP by gastroenteroscopy, colonoscopy,
or standard duodenoscopy is technically challenging and
often unsuccessful because of an inability to reach the
papilla or bilioenteric anastomosis. Recently, the use of a
DBE or single-balloon enteroscopy has made therapeutic ERCP-including sphincterotomy, stone extraction,
dilation of bilioenteric anastomotic stricture, and biliary
stent placement-feasible and effective, even in patients
with surgically altered anatomies[1-4].
According to a recent report on endoscopic intervention for the relief of malignant hilar biliary obstruction,
the placement of SEMSs offers advantages over plastic
endoprostheses in terms of stent patency and the number
of reinterventions needed[5]. In addition, endoscopic PSIS
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in a patient with Roux-en-Y anastomosis. This procedure
can result in quick relief from obstructive jaundice in a
single session and with short-term hospitalization, even in
patients with surgically altered anatomies.

A
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Figure 2 A partial stent-in-stent placement of biliary metallic stents using a
short double-balloon enteroscopy. A: Following the placement of the first selfexpandable metallic stent (SEMS), balloon dilation was performed at the stricture;
B: The second SEMS was deployed through the mesh of the initial SEMS.
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CASE REPORT

Plasmablastic lymphoma of the small intestine: Case report
and literature review
Hong-Wei Wang, Wen Yang, Jun-Zhong Sun, Jiang-Yang Lu, Min Li, Lin Sun
kappa light chain gene was demonstrated. The patient
died approximately 1.5 mo after diagnosis in spite
of receiving two courses of the CHOP chemotherapy
regimen. In a review of the literature, this is the first
case report of PBL with initial presentation in the small
intestine without HIV and Epstein-Barr virus infection,
and a history of hepatitis B virus infection and radiotherapy probably led to the iatrogenic immunocompromised state.
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Abstract
Plasmablastic lymphoma (PBL) is a rare aggressive
B-cell lymphoproliferative disorder, which has been
characterized by the World Health Organization as
a new entity. Although PBL is most commonly seen
in the oral cavity of human immunodeficiency virus
(HIV)-positive patients, it can also be seen in extraoral sites in immunocompromised patients who are
HIV-negative. Here we present a rare case of PBL of
the small intestine in a 55-year-old HIV-negative male.
Histopathological examination of the excisional lesion
showed a large cell lymphoma with plasmacytic differentiation diffusely infiltrating the small intestine and
involving the surrounding organs. The neoplastic cells
were diffusely positive for CD79a, CD138 and CD10
and partly positive for CD38 and epithelial membrane
antigen. Approximately 80% of the tumor cells were
positive for Ki-67. A monoclonal rearrangement of the
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INTRODUCTION
Plasmablastic lymphoma (PBL) is a distinct, aggressive B-cell neoplasm that shows diffuse proliferation of
large neoplastic cells resembling B-immunoblasts with
an immunophenotype of plasma cells[1]. It was originally
described in the oral cavity in the clinical setting of human immunodeficiency virus (HIV) infection, but may
occur in other, predominately extra-oral sites, and these
have been reflected in the current/revised 2008 World
Health Organization classification[2]. Extra-oral PBL has
been reported in various locations[3-6]; however PBL of
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the small intestine was extremely rare. Here we present a rare case of PBL of the small intestine in an HIVnegative individual and review the literature.

throughout the small intestine wall into the peripheral
soft tissue and adrenal glands forming tumor nodules of
different sizes. Furthermore, tumor cell proliferation in
lymph node sinuses was conspicuous in the mesenteric
lymph nodes.
On immunohistochemistry, the neoplastic cells were
diffusely positive for CD79a (Figure 1C), CD138 (Figure
1D) and CD10 (Figure 1E), and partly positive for CD38
and epithelial membrane antigen. These cells were negative for CD45, CD20, CD3, CD30, ALK-1, Bcl-2, Bcl-6,
Mum-1, CD56, HMB45, S-100, CD34, CD117 and
cytokeratin. The cells showed kappa light chain restriction (Figure 1F). Nuclear proliferation rate, as assessed
by Ki-67 staining, was approximately 80% (Figure 1G).
Epstein-Barr virus (EBV) infection was not detected by
in situ hybridization for EBV-encoded RNA (Figure 1H)
or immunohistochemistry for EBV latent membrane
protein-1. On the basis of these morphologic and immunohistochemical characteristics, the pathological diagnosis of PBL was made.
After surgery, the patient was treated with two courses
of a standard CHOP (cyclophospamide, doxorubicin,
vincristine, and prednisone) chemotherapy regimen. Unfortunately, during the second course of chemotherapy,
repeat CT scans and ultrasonography revealed tumor progression with an increase in swollen cervical lymph nodes
and abdominal tumor load. The patient died of multiple
organ failure due to further deterioration 1.5 mo later.

CASE REPORT
A 55-year-old man presented with generalized abdominal pain, distension and vomiting for over a 1-mo period. He also described recent weight loss and anorexia.
The above pathologic condition gradually became worse
without relief of symptoms. Abdominal ultrasonography revealed multiple masses in the small intestine with
extension to the bilateral adrenal glands. Radiographs
and computed tomography (CT) scans of the chest,
oral and peri-oral sites showed no abnormalities, and no
peripheral lymphadenopathy was noted. Routine blood
examination showed hemoglobin 106 g/L, white blood
cell count 6.48 × 109 /L, neutrophils 64.4%, lymphocytes 15.3%, monocytes 10.2%. Serological testing demonstrated positivity for hepatitis B virus (HBV) surface
antigen and HBV e-antigen, and negativity for HIV. The
lactate dehydrogenase level (216 U/L) was in the normal range. Serum examination for Bence Jones’ protein
and rheumatoid factor were negative. The medical history was that he had a history of infection of HBV and
underwent resection of squamous cell carcinoma in the
maxillary sinus, followed by two courses of radiotherapy
7 mo previously.
During surgery, multiple tumor nodules were found
in the intestinal wall and mesentery of the small intestine. Surrounding organs, including adrenal glands, liver,
inferior vena cava and lumbar vertebrae were involved.
Tumors were excised with adjacent portions of the small
intestine and bilateral adrenal glands. A 55-cm long segment of the small bowel was obtained from the resection procedure. By gross examination, there was an irregular tumor nodule, volume 10 cm × 8 cm × 6 cm, in
the intestinal wall surrounding the whole enteric cavity.
Multiple tumor nodules ranging from 3.5 cm to 5.5 cm
in diameter could be found in the adjacent mesentery.
Tumor nodules in the left and right adrenal glands measured 8.5 cm × 8 cm × 4 cm and 8 cm × 5 cm × 2.5 cm
respectively. The cut surface of these tumors was grey
and soft. Selected tumor tissues were fixed in formalin
and embedded in paraffin and cut into sections which
were stained with the hematoxylin and eosin for routine
histology. Additional sections of paraffin-embedded tissue were used for immunohistochemical staining and in
situ hybridization analysis.
Histologically, the whole intestinal wall was diffusely
infiltrated by malignant lymphocytes with abundant basophilic cytoplasm, eccentrically located pleomorphic
nuclei, and single, centrally located prominent nucleoli
(Figure 1A). The nuclei were round or oval or convoluted in shape and a large number of mitotic figures were
apparent (Figure 1B). There were tumor emboli within
the lymphatic vessels. Comprehensive necrosis of tumor
cells was conspicuous. The tumor cells were scattered
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DISCUSSION
As a rare entity of non-Hodgkin B cell lymphoma, PBL
was first described as a specific clinicopathologic entity
by Delecluse et al[7] as an aggressive B-cell lymphoma occurring in the oral cavity arising in the context of HIV
infection. However, in recent years, several cases of PBL
have been reported in patients without HIV infection,
and several more have reported the occurrence of PBL
in extra-oral sites, including the skin, subcutaneous tissue, stomach, anal mucosa or perianal area, lung, lymph
node, and other regions[3-6,8,9]. The small intestine is a rare
extra-oral site of involvement in PBL patients, and only
two cases in HIV-infected patients have been reported
previously[10,11]. In a review of the literature, this is the
first case report of PBL with initial presentation in the
small intestine and with multiple organ involvement in
an HIV-negative individual.
As PBL is often associated with immunodeficiency,
such as HIV infection, EBV plays an important role in
the tumorigenesis of HIV-associated PBL. HIV infection creates a permissive environment for chronic EBV
infection, with a subsequent latency that predisposes the
EBV transformed B-cells to become malignant[12]. There
is likely a connection between HIV-induced immunosuppression and the development of EBV-associated
PBL[13]. However, recent investigation revealed that EBV
infection was detected in only 17% of HIV-negative
PBL cases, which suggest that this virus may not be a
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Figure 1 Plasmablastic lymphoma of the small intestine.
A: Diffuse infiltration in the
mucosa of the small intestinal
by monotonous large atypical
lymphoid cells [hematoxylin
and eosin (H and E), original
magnification ×200]; B: These
atypical cells had a plasmablastic appearance, with abundant basophilic cytoplasm, eccentrically located pleomorphic
nuclei, and single, centrally
located prominent nucleoli (H
and E, original magnification ×
400); C-F: The atypical cells
were diffusely positive for
CD79a (C), CD138 (D), CD10
(E) and immunoglobulin light
chain κ (F) (immunoperoxidase
stain, original magnification ×
400); G: Nuclear proliferation
rate as assessed by Ki-67
staining was approximately
80% (immunoperoxidase stain,
original magnification ×400);
H: Epstein-Barr virus (EBV)encoded RNA in situ hybridization for EBV shows negative
staining in the nucleus of these
atypical cells (original magnification ×400).

unique participant in the pathogenesis of PBL, especially
in patients without HIV infection [14]. Cases of HIVnegative PBL have been mostly described after solid
organ transplantation, in association with steroid therapy
for autoimmune disease and some other types of immunosuppression[15,16]. The present patient was negative
for HIV, and EBV infection was not detected by immunohistochemistry or in situ hybridization analysis, so an
HBV infection and the history of radiotherapy probably
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led to the iatrogenic immunocompromised state.
The pathological differential diagnosis of PBL in the
present case mainly included poorly differentiated primary or metastatic carcinoma, malignant melanoma, gastrointestinal stromal tumor (GIST), diffuse large B-cell
lymphoma (DLBCL), Burkitt’s lymphoma, anaplastic
large cell lymphoma (ALCL), and plasmacytoma[3]. The
characteristic morphology and immunophenotype of
the tumor cells in conjunction with clinical features aid
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Table 1 Differential diagnosis of plasmablastic lymphoma by immunohistochemistry
Marker
CD45
CD20
CD79a
CD38
CD138
CD3
CD30
CD10
ALK-1
Bcl-2
Mum-1
EMA
HMB45
S-100
CD34
CD117
Cytokeratin
LMP-1
EBER

Current case

PBL

DLBCL

ALCL

BL

PC

GIST

Carcinoma

Melanoma

+
+
+
+
+
-

±
±
±
+
+
±
±
±
±
±

+
+
+
±
±
±
+
±
±
±

+
±
+
±
+
-

+
+
+
+
±

±
+
+
+
+
-

+
+
-

+
+
±

+
+
-

PBL: Plasmablastic lymphoma; DLBCL: Diffuse large B cell lymphoma; ALCL: Anaplastic large cell lymphoma; BL: Burkitt’s lymphoma; PC: Plasmacytoma; GIST: Gastrointestinal stromal tumor; +: Positive; -: Negative; ±: Variable expression.

in the differential diagnosis (Table 1). Poorly differentiated carcinoma may be differentiated from PBL according
to its consistent immunological staining for cytokeratin.
Malignant melanoma can be ruled out by using S-100
protein and HMB45. GIST is a common kind of mesenchymal tumor in the small intestine, usually characterized
by expression of CD34 and CD117. In terms of negative expression for CD20 and morphological appearance,
the present case of PBL can be clearly identified with
other aggressive B-cell lymphomas, such as DLBCL and
Burkitt’s lymphoma. Histologically, the tumor resembled
extranodal ALCL; however, tumor cells in ALCL are
consistently immunoreactive for CD30 and usually immunoreactive for CD3 and ALK, which is different
from our case. The differential diagnosis between PBL
and poorly differentiated plasmacytoma is based mostly
on clinical correlations, as both have similar morphological and phenotypic features[14]. The negative presence
of serum monoclonal proteins and a high Ki-67/MIB-1
proliferation index help in the differential diagnosis from
plasmacytoma in the present case.
In terms of clinical behavior, PBL is highly aggressive, with most of the patients dying in the first year after
diagnosis. Most patients are at an advanced stage (Ⅲ or
[15]
Ⅳ) at presentation . HIV-positive and HIV-negative patients with PBL have different clinicopathological characteristics, including a better response to chemotherapy and
longer survival in HIV-positive patients. HIV-negative
patients had a median overall survival of 9 mo vs 14 mo
in HIV-positive patients[13]. Furthermore, extra-oral PBL
is more commonly disseminated (57% of the patients are
at stage Ⅳ) at diagnosis. Meanwhile, the loss of CD20
associated with plasmacytic differentiation and very high
Ki-67 index (> 90%) conveyed a worse prognosis[9]. In
our case, the primary PBL of the small intestine had in-
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filtrated multiple organs, accordingly a clinical stage Ⅳ
was assigned. The HIV-negative state, extra-oral location,
absent expression of CD20 and relatively high nuclear
proliferation index in tumor cells collectively contributed
to the more aggressive clinical course and worse outcome
of this case.
In summary, we report a rare case of extra-oral PBL
involving the small intestine in a HIV-negative patient,
and describe the histologic and immunophenotypic findings. A diffuse infiltrative growth, rapid mitotic rate, and
necrosis are consistent with the classification of PBL as
a high-grade malignant lymphoma. Because PBL does
not express the more common lymphoid and/or B-cell
markers, it is easy to mistake them for a poorly differentiated carcinoma or sarcoma. Thus, diagnosis of PBL is
challenging, particularly when it arises in extraoral locations and in immunocompetent patients. Recognition of
this entity by the pathologist and clinician is important in
establishing the correct diagnosis and treatment of the
patients.
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Abstract
Neuroendocrine carcinoma (NEC) of the pancreas is
rare. We report the case of a 34-year-old man with
pancreatic NEC with soft tissue metastasis. The patient presented with right upper abdominal discomfort.
Computed tomography revealed a low-density heterogeneous mass in the tail and body of the pancreas that
encroached on the greater curvature of the stomach
and spleen. We performed exploratory laparotomy and
total pancreatectomy with splenectomy and total gastrectomy. Histopathological analysis showed spindleshaped cells with scanty cytoplasm and hyperchromatic
nuclei, confirming a primary pancreatic NEC. One month
after the surgery, the patient experienced leg swelling.
Positron emission tomography-computed tomography
revealed high uptake of fludeoxyglucose in the left leg,
and the leg was amputated. Histopathological analysis
confirmed metastasis of pancreatic NEC. The patient
was followed up and received chemotherapy (etoposide
and cisplatin). One month after amputation, the level of
tumor marker neuron-specific enolase was 142.70 μg/L
and computed tomography scan revealed an aggravated
metastatic lesion. The patient suffered from unbearable
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INTRODUCTION
Primary neuroendocrine carcinoma (NEC) of the pancreas is very rare, accounting for only 1%-1.4% of all
pancreatic cancers[1,2]. Almost all NECs of the pancreas
are discovered when the tumor is fairly large (mean: 6.2
cm, range: 2.5-20 cm) and it has metastasized to several
distant organs such as the liver, adrenal gland, and brain,
which explains the dismal prognosis[3]. We report a rare
route of metastasis in this case.

CASE REPORT
We report a case of pancreatic NEC with soft tissue metastasis. The patient was a 34-year-old man who had no
significant past medical history. He visited our hospital
on January 1, 2012 with the symptom of right upper
abdominal discomfort. A computed tomography (CT)
scan revealed a low-density heterogeneous mass of 81
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Figure 1 A computed tomography scan revealed a low-density heterogeneous mass of 81 mm × 68 mm in size in the tail of the pancreas (arrow) that invaded the greater curvature of the stomach and the spleen.

A

B

C

D

Figure 2 Pathology of
the pancreas. A: Spindleshaped cells with scanty cytoplasm and hyperchromatic
nuclei (hematoxylin and
eosin staining); B: Positively
stained for chlorhexidine A;
C: Approximately 80% of the
tumor cells were positively
stained for Ki67; D: Tumor
cells were positively stained
for synaptophysin (B, C and
D: EnVision) (original magnification: ×200 and ×400).

mm × 68 mm in size in the tail and body of the pancreas that invaded the greater curvature of the stomach
and the spleen (Figure 1). The laboratory findings were
as follows: hemoglobin, 102 g/L; white blood cell count,
6.5 × 109/L; platelets, 374 × 109/L; aspartate aminotransferase, 18 U/L; alanine aminotransferase, 13 U/L;
total bilirubin, 9.1 μmol/L; direct bilirubin, 4.0 μmol/L;
serum creatinine, 59 μmol/L; carcinoembryonic antigen,
0.86 ng/mL (normal, < 10.0 ng/mL); alpha-fetoprotein,
2.37 ng/mL (normal, < 13.40 ng/mL); and carbohydrate
antigen 19-9, 101.7 U/mL (normal, < 27 U/mL). The
serum neuron-specific enolase (NSE) level was 59.94
μg/L (normal, < 17 μg/L). Chest X-ray examination
revealed no signs of primary lung cancer or metastasis.
In addition, there was no evidence of liver metastasis;
therefore, exploratory laparotomy was performed. During the abdominal exploration, a 1-cm mass was detected
in the head of the pancreas, and an 8-cm mass was de-
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tected in the pancreatic tail. The identified mass invaded
the greater curvature of the stomach and the spleen.
Consequently, we performed total pancreatectomy with
splenectomy and total gastrectomy.
Histological examination revealed spindle-shaped
cells with scanty cytoplasm and hyperchromatic nuclei.
In addition, 9/12 lymph nodes were positive for metastasis. Hematoxylin and eosin staining (Figure 2) was
performed on the paraffin-embedded sections. Immunohistochemical examination revealed chromogranin A and
Ki-67 positivity.
One month after surgery, the patient exhibited leg
swelling. Positron emission tomography-CT revealed
high fludeoxyglucose uptake in the left leg and the relapse of carcinoma in both hila of the lungs (Figure 3).
An orthopedist obtained a biopsy of the left leg, and the
frozen section results indicated NEC. Therefore, the left
leg of the patient was amputated below the knee. The
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Figure 3 Positron emission tomography-computed tomography revealed high fludeoxyglucose uptake in the left leg and the relapse of carcinoma in both
hila of the lungs.

A

B

C

Figure 4 Pathology of the leg. A: Tumor cells displayed infiltrative growth in the striated muscle of the left leg [hematoxylin and eosin (HE) staining, original magnification: ×100]; B: Tumor cells were homogeneous (HE staining, original magnification: ×400); C: Tumor cells were positively stained for synaptophysin (EnVision,
original magnification: ×400).

postoperative pathology of the left leg was metastatic
NEC of the pancreas (Figure 4). The patient was followed up, and he received chemotherapy consisting of
etoposide and cisplatin.
One month after amputation, the level of the tumor
marker NSE was 142.70 μg/L, and a CT scan revealed
an aggravated metastatic lesion. The patient reported
unbearable pain, and he was treated by odynolysis. Four
months postoperatively, he died of respiratory failure.

extensive disease, a median survival as short as 2 mo has
been reported, whereas in patients with limited disease,
a median survival of up to 34 mo has been described[8].
Min Sung Chung reported a case of primary pancreatic
NEC with unusually long-term survival after multimodal
therapy. This patient remains in good health 36 mo after
surgery[9]. In our case, the tumor extended beyond the
pancreas with regional lymph node involvement. Because
there was extension beyond the locoregional boundaries
(extensive disease), we could perform palliative surgery.
The patient in our case survived 4 mo on combined chemotherapy.
Some trials have revealed improved oncologic outcomes when patients are treated with regimens similar to
those used for small cell cancers of the lungs[10]. The regimen of cisplatin, etoposide, and radiation is generally favored for pancreatic NEC[11]. This is the first reported case
of pancreatic NEC with soft tissue metastasis. As mentioned previously, pancreatic NEC is a rare type of pancreatic cancer that has a poor prognosis. These adjuvant
approaches should be considered in addition to surgery.

DISCUSSION
In a review of all published cases of pancreatic NEC,
91% of patients had metastases at the time of the initial diagnosis. According to the report by Vos et al[4], the
most common sites of metastasis are the peripancreatic
lymph nodes (62%), liver (38%), lungs (14%), bone marrow (14%), bone (10%), colon (10%), and adrenal gland
(10%); rarer sites of metastasis include the spleen, gallbladder, kidneys, skin, and brain.
NSE can be considered a tumor marker that can be
used in the diagnosis or assessment of treatment efficacy
in patients with pancreatic NEC[5,6]. In our case, NSE
was continuously aggravated.
Pancreatic NEC is a rare type of pancreatic cancer
that has a poor prognosis[7]. The clinical course is typically aggressive, often characterized by disseminated disease at presentation and poor survival. In patients with
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INTRODUCTION
Umbilical tumors are rare and 30% of them are metastatic[1]. Sister Mary Joseph’s nodule (SMJN) refers to a
metastatic lesion of the umbilicus originating from intraabdominal or pelvic malignant diseases. The most common primary sites of the metastasis are stomach, ovaries,
colon, rectum and pancreas. Pancreas accounts for 7%-9%
of the SMJN cases[2]. Almost 90% of the cases arise from
the body and tail of the pancreas, but not the head[2].
We herein describe a male patient with pancreatic
cancer who presented with SMJN as his first clinical
sign. We also reviewed the published literatures on this
disease from PubMed. Only 20 cases (including our case)
of SMJN with pancreatic cancer as the first symptom
and sign have been reported in English. The aim of this
report is to provide new insight into the identification of
pancreatic cancer presenting as SMJN.

Abstract
Sister Mary Joseph’s nodule (SMJN) refers to a metastatic tumor of the umbilicus. It is a rare entity which
arises from a malignancy in the intra-abdominal cavity.
We herein describe a patient who presented with SMJN
as his first sign of pancreatic cancer. It is an even
more unusual case of SMJN. We therefore, suggest
that pancreatic cancer should be included in the differential diagnosis when an umbilical mass is found. With
the progress made in surgical procedures and other
modalities, an early diagnosis will dramatically improve
the prognosis of the patients.
© 2012 Baishideng. All rights reserved.

CASE REPORT

Key words: Sister Mary Joseph’s nodule; Pancreatic can-

The patient is a 40-year-old man who presented with
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A

B

Figure 1 Appearance and pathology of umbilical tumor. A: A red nodule without ulcer appears in the umbilical region; B: Hematoxylin and eosin stain shows adenocarcinoma cell infiltration (×40).

A

B

A

B

Figure 2 Abdominal contrast-enhanced
multi-detector computed tomography
scan. A: A mass in the neck of pancreas
(arrow) is shown in arterial phase; B: The
mass in venous phase.

Figure 3 Positron emission tomography-computed tomography showed
increased fludeoxyglucose uptake of
tumors. A: Significant enhanced signal
showing increased fludeoxyglucose
(FDG) uptake at the site of pancreatic
mass; B: Increased FDG uptake at the
site of umbilical nodule.

swelling, redness and induration at umbilicus. The patient was first diagnosed with eczema at a local hospital
and was treated without improvement. After six months,
the patient consulted a dermatologist at our hospital.
Physical examination showed an inflamed umbilicus with
a nodule of 2 cm × 1.5 cm without ulcer (Figure 1A).
An umbilical skin biopsy was taken and sent for pathologic examination. The pathology was suggestive of
adenocarcinoma infiltrating dermis and epidermis (Figure
1B). Immunohistochemistry (IHC) showed cytokeratin
(CK) (AE1/AE3) +++, carcinoembryonic antigen +++,
and CK7 +. A metastatic adenocarcinoma was suspected
based on all these findings.
Serum marker of carbohydrate antigen 19-9 (CA19-9)
was elevated (202.1 U/mL). Other tumor markers were
all in the normal range. An abdominal multi-detector

WJG|www.wjgnet.com

computed tomography (MDCT) revealed a tumor at the
neck of the pancreas with retroperitoneal lymph nodes
enlargement as well as an umbilical soft tissue mass (Figure
2). An abdominal computed tomography (CT) angiography also showed involvement of retroperitoneal lymph
nodes, superior mesenteric artery and vein, celiac trunk,
proximal splenic artery, splenic vein and part of portal
vein. A ﬂuorodeoxyglucose (FDG) positron emission
tomography-CT (PET-CT) scan demonstrated a mass
located at the neck and body of pancreas with increased
FDG uptake, with a maximal standardized uptake value
(SUV) of 3.69, and thus malignancy was suspected. The
umbilical mass with a maximal SUV of 2.85 was also
detected and a metastatic malignancy was diagnosed by
PET-CT (Figure 3).
Preoperative abdominal CT angiography showed the
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tumor encasing celiac trunk and superior mesenteric artery, which, however, did not cause the occlusion or the
stricture of theses arteries. According to our previous
experience, the patient may still have a chance of resection. An exploratory laparotomy was then performed.
Mild abdominal ascites was present. A hard mass of 8
cm at the neck and body of pancreas was discovered,
with invasion of celiac trunk, superior mesenteric artery,
superior mesenteric vein and portal vein. Several enlarged mesenteric lymph nodes and an umbilical mass of
2 cm × 1.5 cm as well as tiny diffused seeding nodules
were observed. Diaphragmatic tumor invasion was visible. A biopsy was taken and a frozen section was sent
for pathology. Adenocarcinoma infiltrating the striated
diaphragmatic muscle tissues was confirmed. Surgical resection was abandoned because of distant metastasis of
the cancer. The patient refused chemotherapy, and died
four months later.

also been improved.
It has been reported that resection of SMJN and the
primary cancer of pancreas combined with other therapeutic modalities has improved the prognosis of the patients[9]. Therefore, an appropriate diagnostic algorithm is
very important for early detection and rational treatment.
As mentioned above, for patients with umbilical nodules as the first clinical manifestation, biopsy should be
performed first if the diagnosis is uncertain[3,4]. Almost
all the cases of SMJN from pancreatic cancer reported
in the literature are adenocarcinomas[4]. IHC staining for
CK 7 and 19 are very important in diagnosing adenocarcinomas of pancreas[5]. Serum tumor markers such as
CA19-9 should be examined and elevation of CA19-9
is considered as a strong evidence of the disease. Once
SMJN deriving from pancreatic cancer is suspected,
contrast-enhanced MDCT or magnetic resonance imaging (MRI) on pancreas should be done. Contrastenhanced MDCT or MRI is sensitive enough to display
the pancreas mass and its involvement in the adjacent
organs and vessels. PET-CT is also recommended to
detect other distant metastasis[12,13]. However, PET-CT is
not sensitive to the identification of tiny seeding nodules
in the intra-abdominal cavity. As in this case, PET-CT
failed to display intra-abdominal diffusion.
An earlier diagnosis could have caught the tumor in
its early phase, hence improving the prognosis of the
patient. This paper is to remind physicians and surgeons
of the importance of keeping in mind pancreatic cancer
as one of their initial differential diagnosis when an umbilical nodule is presented. The recommended diagnostic
algorithm is hopefully useful for the early detection of
pancreatic cancer which appears as SMJN as its first sign.

DISCUSSION
When a clinician observes an umbilical mass, his/her
differential diagnosis should include both benign and
malignant tumors. Benign tumors can be caused by a
number of factors, including polyps, papilloma, myoma,
fibroma, hemangioma, dermoid cyst, teratoma, pyogenic
granuloma, omphalith, or endometriosis[1]. Malignant
lesions account for 38% of all umbilical tumors, including both primary and secondary cancers[1]. These can be
differentiated by means of biopsy collection and histopathological examination[3]. Cytology can not distinguish
between primary and secondary malignancies[4].
The incidence of metastatic tumor originating from
intra-abdominal malignancy to the umbilicus (SMJN) is
very low. The most common primary sites of SMJN in
men are stomach, followed by colon, rectum, pancreas
and others[3]. In women, the most common origins are
the ovaries, followed by stomach, colon, rectum, pancreas and others[2]. Pancreas is the fourth or fifth most
common primary site of SMJN. The percentage of
SMJN arising from pancreas ranges from 7% to 9%,
among which SMJN presenting as the first sign of pancreatic cancer is even unusual[2,5]. To our knowledge after
literature review, only 20 such cases, including our case,
have been reported in English[6-11].
The metastatic routes of the pancreatic cancer to
the umbilicus are thought to be by direct invasion from
the peritoneum, through lymphatic or blood vessels and
along embryonic remnants[6]. Generally, the prognosis
of pancreatic cancer with SMJN is poor. The mean survival is 6-11 mo[6]. However, with early diagnosis and
surgical intervention, a prolonged survival of 18 years
was reported[6]. Currently, with the improvement of surgery, the resection rate of advanced pancreatic cancer
has been increased. Moreover, with advances made in
multidiscipline therapeutical modalities including chemotherapy, radiotherapy, targeted molecular therapy, immunotherapy, and others, the survival of the patients has
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INTRODUCTION
Malakoplakia is a rare granulomatous disease that was
first described by Michaelis and Gutmann[1] in 1902, and
is characterized by Michaelis-Gutmann bodies with cytoplasmic concentric laminated inclusions[2,3]. Malakoplakia
most frequently involves the urinary tract, and less frequently, the gastrointestinal tract[4], and the esophagus is
seldom involved. We report a case of esophageal malakoplakia in a 54-year-old woman.

Abstract
Malakoplakia is a rare granulomatous disease probably
caused by infection and characterized histologically by
Michaelis-Gutmann bodies. We report a more rarely
seen case esophageal malakoplakia in a 54-year-old
woman. She presented with coughing while eating and
drinking. Gastroscopy showed yellow nodules in the
esophagus, and endoscopic ultrasonography showed a
space-occupying lesion in the substratum of the esophageal mucosa. All findings highly resembled esophageal cancer. Histopathological examination finally indentified this space-occupying lesion as malakoplakia
and not cancer. Immunohistochemistry showed that
she had human papillomavirus (HPV) infection in the
esophagus, which indicates that infection was responsible for the malakoplakia. This is believed to be the
first case of malakoplakia in the esophagus, and more
importantly, we established that HPV infection was the
initiator of esophageal malakoplakia.

CASE REPORT
Clinical findings
A 54-year-old woman was referred to the gastroenterology department with complaints of coughing while eating
and drinking. Her past medical history included chronic
atrophic gastritis, duodenitis and rheumatoid arthritis.
On clinical examination she was pale. Her chest X-ray,
electrocardiogram, blood tests and serum α-fetoprotein
results were normal. Gastroscopy showed soft yellow
nodules in the right wall of the esophagus, which was
23.5-25.0 cm from the cutting tooth (Figure 1A). Endoscopic ultrasonography revealed a space-occupying lesion
(8.1 mm × 5.1 mm) in the substratum of the esophageal
mucosa (Figure 1B). 14C-Urea breath tests were positive
for Helicobacter pylori (H. pylori).

© 2012 Baishideng. All rights reserved.
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A

Figure 1 Soft yellow nodules protruding into the esophageal cavity. A: Gastroscopy presentation: soft yellow nodules
protruding into the esophageal cavity; B:
Endoscopic ultrasonography: a spaceoccupying lesion (8.1 mm × 5.1 mm) in
the substratum sized 8.1 mm × 5.1 mm
(dotted lines).

B

A

B

C

D

Figure 2 Michaelis-Gutmann
bodies. A: Basophilic laminated inclusions in the cytoplasm
(hematoxylin and eosin, ×200);
B: Periodic acid-Schiff: targetoid appearance with a dense
central core (×400); C: CD68
positivity by immunohistochemistry (×400); D: Esophageal
squamous epithelium positive
for human papillomavirus by
immunohistochemistry, haloshaped cells (×200).

Pathological findings
A local specimen of 1 cm × 1 cm was excision under
gastroscopy for histopathological examination. Microscopic examination of hematoxylin and eosin stained
sections showed a large amount of inflammatory cell
infiltration in the substratum of the esophageal mucosa, mainly with lymphoid and histiocytic cells (Figure
2A). The presence of Michaelis-Gutmann bodies, with
cytoplasmic concentric laminated inclusions of 5-15
mm confirmed the diagnosis. Follow-up examination
supported this diagnosis. The Michaelis-Gutmann bodies were periodic acid-Schiff-positive (Figure 2B), and
CD68-positive (Figure 2C) and human papillomavirus
(HPV)-positive (Figure 2D) by immunohistochemistry,
but negative for Eumycetes by hexamethylene diamine
staining and H. pylori by Giemsa staining.

disease characterized by accumulation of granular basophilic Michaelis-Gutmann bodies. These bodies are
generated from histiocytes, which are positive for CD68
antibodies, as well as positive for periodic acid-Schiff
stain, and exhibit a targetoid appearance with a dense
central core under light microscopy[4].
Malakoplakia has a worldwide distribution and does
not have any racial, sex or age predilection[5]. Malakoplakia
most commonly affects the urinary tract, as well as the
gastrointestinal system, regional lymph nodes, skin, liver,
and spleen[6-9].
The mechanism of malakoplakia is not well understood. Three postulates have been suggested. The first
considers that microorganisms play a role in the pathogenesis. Escherichia coli infection is often found in the urinary
tract[10], Rhodococcus equii in the lungs[11], and H. pylori in the
stomach[12]. However, there have been no previous reports
of microbial infection in the esophagus. In the present
case, HPV infection was identified by immunohistochemistry. We consider that HPV infection plays an important

DISCUSSION
Malakoplakia is a chronic granulomatous inflammatory
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role in development of esophageal malakoplakia. Another
possibility is that abnormal immune responses are involved in the pathogenesis[13]. Some immunosuppressive
or chronic prolonged illnesses such as organ transplantation, acquired immunodeficiency syndrome, tuberculosis,
sarcoidosis, and malignancy[14] can be associated with malakoplakia. The woman in this case report suffered from
rheumatoid arthritis whose pathogenesis is considered to
be related to an abnormal immune response, which we
consider may also have been related to her malakoplakia.
The third hypothesis is an abnormal macrophage response
caused by defective lysosomal function. This results in
macrophages being unable to digest fully the phagocytosed
bacteria, accumulation of partially digested bacteria, and
generation of Michaelis-Gutmann bodies.
Malakoplakia typical presents as irregular nodules or
plaque, but it also exists as widespread mucosal multinodular
or polypoid lesions, or large mass lesions under endoscopy.
In the present case, it presented as endoscopic nodules.
The clinical appearance of malakoplakia varies from
silent nodules to various different presentations according to the organ involved. In the urinary tract it presents
with lower tract irritative symptoms such as frequency,
dysuria and hematuria[15]. In the gastrointestinal system
it can be clinically silent or can cause clinical symptoms
such as diarrhea, abdominal pain, hemorrhage, or obstruction[16,17]. In the respiratory system it can appear as
silent nodules that mimic bronchogenic carcinoma or
tuberculosis[11]. Malakoplakia of the female genital tract
usually presents with vaginal bleeding[18]. In the present
case, the patient presented with coughing while eating
and drinking, which resembled esophageal cancer.
Malakoplakia is generally considered a chronic, selflimiting inflammatory disease that may undergo spontaneous regression[19]. In the present case, despite the patient
rejecting further treatment after receiving the pathological
report, her symptoms disappeared and her condition did
not develop. Follow-up endoscopic examinations 12 mo after resection revealed no changes in the patient’s condition.
There are two therapeutic approaches to malakoplakia.
Most cases have been successfully treated with antibiotics,
for example, rifampicin, quinolone, and trimethoprimsulfamethoxazole. The second approach is to attempt
to correct the lysosomal defect by a cholinergic agonist,
bethanechol chloride. Combination of antibiotic therapy
and surgery provides satisfactory results. However, unnecessary radical surgical treatment should be avoided. The
best choice depends on each specific patient. Our patient
appeared to be cured by resection of the malakoplakia
and showed no development during 1-year follow-up.
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evidence and correct conclusion; and (4) Maximization of the benefits of employees: It is an iron law that a first-class journal is unable to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in
an open, fair and transparent environment, could contribute their
wisdom to edit and publish high-quality articles, thereby realizing the maximization of the personal benefits of editorial board
members, authors and readers, and yielding the greatest social and
economic benefits.

GENERAL INFORMATION

World Journal of Gastroenterology (World J Gastroenterol, WJG, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
weekly, open-access (OA), peer-reviewed journal supported by an
editorial board of 1352 experts in gastroenterology and hepatology from 64 countries.
The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle
that traditional journals possess and usually delays the speed
of the propagation and communication of scientific research
results. The open access model has been proven to be a true approach that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.

Aims and scope
The major task of WJG is to report rapidly the most recent results in basic and clinical research on esophageal, gastrointestinal,
liver, pancreas and biliary tract diseases, Helicobacter pylori, endoscopy and gastrointestinal surgery, including: gastroesophageal
reflux disease, gastrointestinal bleeding, infection and tumors;
gastric and duodenal disorders; intestinal inflammation, microflora and immunity; celiac disease, dyspepsia and nutrition; viral
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver
transplantation, and metabolic liver disease; molecular and cell
biology; geriatric and pediatric gastroenterology; diagnosis and
screening, imaging and advanced technology.

Maximization of personal benefits
The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist, and build an important bridge for communication between
scientists and the public. As we all know, the significance of the
publication of scientific articles lies not only in disseminating and
communicating innovative scientific achievements and academic
views, as well as promoting the application of scientific achievements, but also in formally recognizing the “priority” and “copyright” of innovative achievements published, as well as evaluating
research performance and academic levels. So, to realize these
desired attributes of WJG and create a well-recognized journal, the
following four types of personal benefits should be maximized.
The maximization of personal benefits refers to the pursuit of the
maximum personal benefits in a well-considered optimal manner
without violation of the laws, ethical rules and the benefits of others. (1) Maximization of the benefits of editorial board members:
The primary task of editorial board members is to give a peer review of an unpublished scientific article via online office system to
evaluate its innovativeness, scientific and practical values and determine whether it should be published or not. During peer review,
editorial board members can also obtain cutting-edge information
in that field at first hand. As leaders in their field, they have priority to be invited to write articles and publish commentary articles.
We will put peer reviewers’ names and affiliations along with the
article they reviewed in the journal to acknowledge their contribution; (2) Maximization of the benefits of authors: Since WJG is
an open-access journal, readers around the world can immediately
download and read, free of charge, high-quality, peer-reviewed
articles from WJG official website, thereby realizing the goals and
significance of the communication between authors and peers as
well as public reading; (3) Maximization of the benefits of readers:
Readers can read or use, free of charge, high-quality peer-reviewed
articles without any limits, and cite the arguments, viewpoints,
concepts, theories, methods, results, conclusion or facts and data
of pertinent literature so as to validate the innovativeness, scientific
and practical values of their own research achievements, thus ensuring that their articles have novel arguments or viewpoints, solid

WJG|www.wjgnet.com

Columns
The columns in the issues of WJG will include: (1) Editorial: To
introduce and comment on major advances and developments in
the field; (2) Frontier: To review representative achievements, comment on the state of current research, and propose directions for
future research; (3) Topic Highlight: This column consists of three
formats, including (A) 10 invited review articles on a hot topic, (B)
a commentary on common issues of this hot topic, and (C) a commentary on the 10 individual articles; (4) Observation: To update
the development of old and new questions, highlight unsolved
problems, and provide strategies on how to solve the questions;
(5) Guidelines for Basic Research: To provide guidelines for basic
research; (6) Guidelines for Clinical Practice: To provide guidelines
for clinical diagnosis and treatment; (7) Review: To review systemically progress and unresolved problems in the field, comment
on the state of current research, and make suggestions for future
work; (8) Original Article: To report innovative and original findings in gastroenterology; (9) Brief Article: To briefly report the
novel and innovative findings in gastroenterology and hepatology;
(10) Case Report: To report a rare or typical case; (11) Letters to the
Editor: To discuss and make reply to the contributions published
in WJG, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment on
quality monographs of gastroenterology and hepatology; and (13)
Guidelines: To introduce consensuses and guidelines reached by
international and national academic authorities worldwide on basic
research and clinical practice gastroenterology and hepatology.
Name of journal
World Journal of Gastroenterology
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Details that might disclose the identity of the subjects under
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Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical Trials;
UK Medicines Research Council Guidelines for Good Clinical
Practice in Clinical Trials) and/or the World Medical Association
Declaration of Helsinki. Generally, we suggest authors follow
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the research was conducted in accordance with the above standards, the authors must explain the rationale for their approach
and demonstrate that the institutional review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
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must be accompanied by a statement that the experiments were
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Biostatistical editing
Statistical review is performed after peer review. We invite an expert in Biomedical Statistics to evaluate the statistical method used
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SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
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Cross Hospital, Athens 15451, Greece.
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supportive foundations should be provided, e.g. Supported by
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Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online. For assistance, authors encountering problems with the Online Submission System may send an email describing the problem to wjg@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g. Telephone: +86-10-59080039 Fax: +86-10-85381893
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis
and interpretation of data; (2) drafting the article or revising it
critically for important intellectual content; and (3) final approval
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Text
For articles of these sections, original articles and brief articles, the main text should be structured into the following sections: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm.

cording to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability[1,2]”. If references are cited
directly in the text, they should be put together within the text, for
example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself.
File names should identify the figure and panel. Avoid layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the printed and E-versions.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be
used in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals ac-

WJG|www.wjgnet.com

IV

December 7, 2012|Volume 18|Issue 45|

Instructions to authors

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).

Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic
numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
Examples for paper writing
Editorial: http://www.wjgnet.com/1007-9327/g_info_20100315
220036.htm
Frontier: http://www.wjgnet.com/1007-9327/g_info_20100315
220305.htm
Topic highlight: http://www.wjgnet.com/1007-9327/g_info_20
100315220601.htm
Observation: http://www.wjgnet.com/1007-9327/g_info_201003
12232427.htm
Guidelines for basic research: http://www.wjgnet.com/1007-93
27/g_info_20100315220730.htm
Guidelines for clinical practice: http://www.wjgnet.com/10079327/g_info_20100315221301.htm
Review: http://www.wjgnet.com/1007-9327/g_info_20100315
221554.htm
Original articles: http://www.wjgnet.com/1007-9327/g_info_20
100315221814.htm

Statistical data
Write as mean ± SD or mean ± SE.

WJG|www.wjgnet.com

Brief articles: http://www.wjgnet.com/1007-9327/g_info_2010
0312231400.htm



December 7, 2012|Volume 18|Issue 45|

Instructions to authors

Case report: http://www.wjgnet.com/1007-9327/g_info_2010
0315221946.htm

com/1007-9327/g_info_20100315222607.htm.
Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Letters to the editor: http://www.wjgnet.com/1007-9327/g_info_
20100315222254.htm
Book reviews: http://www.wjgnet.com/1007-9327/g_info_2010
0312231947.htm

Links to documents related to the manuscript
WJG will be initiating a platform to promote dynamic interactions between the editors, peer reviewers, readers and authors.
After a manuscript is published online, links to the PDF version
of the submitted manuscript, the peer-reviewers’ report and the
revised manuscript will be put on-line. Readers can make comments on the peer reviewer’s report, authors’ responses to peer
reviewers, and the revised manuscript. We hope that authors will
benefit from this feedback and be able to revise the manuscript
accordingly in a timely manner.

Guidelines: http://www.wjgnet.com/1007-9327/g_info_2010
0312232134.htm

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade B certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

Science news releases
Authors of accepted original articles are suggested to write science
news to promote their articles. The news will be released rapidly at
EurekAlert/AAAS (http://www.eurekalert.org). The title for science news should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news should be lawful, ethical, and strictly based on your original
content with an attractive title and interesting pictures.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A or B.

Publication fee
WJG is an international, peer-reviewed, Open-Access, online journal. Articles published by this journal are distributed under the
terms of the Creative Commons Attribution Non-commercial
License, which permits use, distribution, and reproduction in any
medium, provided the original work is properly cited, the use is
non commercial and is otherwise in compliance with the license.
Authors of accepted articles must pay a publication fee. The
related standards are as follows. Publication fee: 1365 USD per
article. Editorial, topic highlights, book reviews and letters to the
editor are published free of charge.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.

WJG|www.wjgnet.com

VI

December 7, 2012|Volume 18|Issue 45|

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of
Gastroenterology
World J Gastroenterol 2012 December 14; 18(46): 6693�����
-6865

www.wjgnet.com

Editorial Board
2010-2013
The World Journal of Gastroenterology Editorial Board consists of 1352 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 64 countries, including Albania (1), Argentina (8),
Australia (33), Austria (15), Belgium (14), Brazil (13), Brunei Darussalam (1), Bulgaria (2), Canada (21), Chile (3),
China (82), Colombia (1), Croatia (2), Cuba (1), Czech (6), Denmark (9), Ecuador (1), Egypt (4), Estonia (2), Finland
(8), France (29), Germany (87), Greece (22), Hungary (11), India (32), Indonesia (2), Iran (10), Ireland (6), Israel (13),
Italy (124), Japan (140), Jordan (2), Kuwait (1), Lebanon (4), Lithuania (2), Malaysia (1), Mexico (11), Morocco (1),
Moldova (1), Netherlands (32), New Zealand (2), Norway (13), Pakistan (2), Poland (11), Portugal (6), Romania
(4), Russia (1), Saudi Arabia (3), Serbia (3), Singapore (11), Slovenia (1), South Africa (3), South Korea (46), Spain
(43), Sri Lanka (1), Sweden (17), Switzerland (12), Thailand (1), Trinidad and Tobago (1), Turkey (30), United Arab
Emirates (2), United Kingdom (95), United States (285), and Uruguay (1).

HONORARY EDITORS-IN-CHIEF
James L Boyer, New Haven
Ke-Ji Chen, Beijing
Martin H Floch, New Haven
Bo-Rong Pan, Xi'an
Eamonn M Quigley, Cork
Rafiq A Sheikh, Sacramento
Nicholas J Talley, Rochester
EDITOR-IN-CHIEF
Ferruccio Bonino, Pisa
Myung-Hwan Kim, Seoul
Kjell Öberg, Uppsala
Matt Rutter, Stockton-on-Tees
Andrzej S Tarnawski, Long Beach
STRATEGY ASSOCIATE
EDITORS-IN-CHIEF
You-Yong Lu, Beijing
Peter Draganov, Florida
Hugh J Freeman, Vancouver
Maria Concepción Gutiérrez-Ruiz, México
Kazuhiro Hanazaki, Kochi
Akio Inui, Kagoshima
Kalpesh Jani, Baroda
Javier San Martin, Punta del Este
Natalia A Osna, Omaha
Wei Tang, Tokyo
Alan BR Thomson, Edmonton
Harry Hua-Xiang Xia, Livingston
John M Luk, Hong Kong
Hiroshi Shimada, Yokohama
GUEST EDITORIAL BOARD
MEMBERS
Jiunn-Jong Wu, Tainan

WJG|www.wjgnet.com

Cheng-Shyong Wu, Chia-Yi
Ta-Sen Yeh, Taoyuan
Tsung-Hui Hu, Kaohsiung
Chuah Seng-Kee, Kaohsiung
I-Rue Lai, Taipei
Jin-Town Wang, Taipei
Ming-Shiang Wu, Taipei
Teng-Yu Lee, Taichung
Yang-Yuan Chen, Changhua
Po-Shiuan Hsieh, Taipei
Chao-Hung Hung, Kaohsiung
Hon-Yi Shi, Kaohsiung
Hui-kang Liu, Taipei
Jen-Hwey Chiu, Taipei
Chih-Chi Wang, Kaohsiung
Wan-Long Chuang, Kaohsiung
Wen-Hsin Huang, Taichung
Hsu-Heng Yen, Changhua
Ching Chung Lin, Taipei
Chien-Jen Chen, Taipei
Jaw-Ching Wu, Taipei
Ming-Chih Hou, Taipei
Kevin Cheng-Wen Hsiao, Taipei
Chiun Hsu, Taipei
Yu-Jen Chen, Taipei
Chen Hsiu-Hsi Chen, Taipei
Liang-Shun Wang, Taipei
hun-Fa Yang, Taichung
Min-Hsiung Pan, Kaohsiung
Chun- Hung Lin, Taipei
Ming-Whei Yu, Taipei
Chuen Hsueh, Taoyuan
Hsiu-Po Wang, Taipei
Lein-Ray Mo, Tainan
Ming-Lung Yu, Kaohsiung



MEMBERS OF THE EDITORIAL
BOARD

Albania
Bashkim Resuli, Tirana

Argentina
Julio H Carri, Córdoba
Bernabe Matias Quesada, Buenos Aires
Bernardo Frider, Buenos Aires
Maria Ines Vaccaro, Buenos Aires
Eduardo de Santibañes, Buenos Aires
Adriana M Torres, Rosario
Carlos J Pirola, Buenos Aires
Silvia Sookoian, Buenos Aires

Australia
Finlay A Macrae, Victoria
David Ian Watson, Bedford Park
Jacob George, Sydney
Leon Anton Adams, Nedlands
Minoti V Apte, Liverpool
Andrew V Biankin, Sydney
Filip Braet, Sydney
Guy D Eslick, Sydney
Michael A Fink, Melbourne
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide
John E Kellow, Sydney
Daniel Markovich, Brisbane

January 7, 2012

Phillip S Oates, Perth
Ross C Smith, Sydney
Kevin J Spring, Brisbane
Philip G Dinning, Koagarah
Christopher Christophi, Melbourne
Cuong D Tran, North Adelaide
Shan Rajendra, Tasmania
Rajvinder Singh, Adelaide
William Kemp, Melbourne
Phil Sutton, Melbourne
Richard Anderson, Victoria
Vance Matthews, Melbourne
Alexander G Heriot, Melbourne
Debbie Trinder, Fremantle
Ian C Lawrance, Perth
Adrian G Cummins, Adelaide
John K Olynyk, Fremantle
Alex Boussioutas, Melbourne
Emilia Prakoso, Sydney
Robert JL Fraser, Daw Park

Austria
Wolfgang Mikulits, Vienna
Alfred Gangl, Vienna
Dietmar Öfner, Salzburg
Georg Roth, Vienna
Herwig R Cerwenka, Graz
Ashraf Dahaba, Graz
Markus Raderer, Vienna
Alexander M Hirschl, Wien
Thomas Wild, Kapellerfeld
Peter Ferenci, Vienna
Valentin Fuhrmann, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Michael Trauner, Vienna
Stefan Riss, Vienna

Paolo R Salvalaggio, Sao Paulo
Ana Cristina Simões e Silva, Belo Horizonte
Joao Batista Teixeira Rocha, Santa Maria

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Zahariy Krastev, Sofia
Mihaela Petrova, Sofia

Canada
Eldon Shaffer, Calgary
Nathalie Perreault, Sherbrooke
Philip H Gordon, Montreal
Ram Prakash Galwa, Ottawa
Baljinder Singh Salh, Vancouver
Claudia Zwingmann, Montreal
Alain Bitton, Montreal
Pingchang Yang, Hamilton
Michael F Byrne,Vancouver
Andrew L Mason, Alberta
John K Marshall, Hamilton Ontario
Kostas Pantopoulos, Montreal
Waliul Khan, Ontario
Eric M Yoshida, Vancouver
Geoffrey C Nguyen, Toronto
Devendra K Amre, Montreal
Tedros Bezabeh, Winnipeg
Wangxue Chen, Ottawa
Qiang Liu, Saskatoon

Rudi Beyaert, Gent
Inge I Depoortere, Leuven
Olivier Detry, Liège
Benedicte Y De Winter, Antwerp
Etienne M Sokal, Brussels
Marc Peeters, De Pintelaan
Eddie Wisse, Keerbergen
Jean-Yves L Reginster, Liège
Mark De Ridder, Brussel
Freddy Penninckx, Leuven
Kristin Verbeke, Leuven
Lukas Van Oudenhove, Leuven
Leo van Grunsven, Brussels
Philip Meuleman, Ghent

Brazil
Heitor Rosa, Goiania
Roberto J Carvalho-Filho, Sao Paulo
Damiao Carlos Moraes Santos, Rio de Janeiro
Marcelo Lima Ribeiro, Braganca Paulista
Eduardo Garcia Vilela, Belo Horizonte
Jaime Natan Eisig, São Paulo
Andre Castro Lyra, Salvador
José Liberato Ferreira Caboclo, Brazil
Yukie Sato-Kuwabara, São Paulo
Raquel Rocha, Salvador

WJG|www.wjgnet.com

Colombia
Germán Campuzano-Maya, Medellín

Croatia
Tamara Cacev, Zagreb
Marko Duvnjak, Zagreb

Cuba
Damian C Rodriguez, Havana

Czech
Chile

Belgium

Justin CY Wu, Hong Kong
Nathalie Wong, Hong Kong
Jing Yuan Fang, Shanghai
Yi-Min Mao, Shanghai
Wei-Cheng You, Beijing
Xiang-Dong Wang, Shanghai
Xuan Zhang, Beijing
Zhao-Shen Li, Shanghai
Guang-Wen Cao, Shanghai
En-min Li, Shantou
Yu-Yuan Li, Guangzhou
Fook Hong Ng, Hong Kong
Hsiang-Fu Kung, Hong Kong
Wai Lun Law, Hong Kong
Eric CH Lai, Hong Kong
Jun Yu, Hong Kong
Ze-Guang Han, Shanghai
Bian zhao-xiang, Hong Kong
Wei-Dong Tong, Chongqing

De Aretxabala Xabier, Santiago
Marcelo A Beltran, La Serena
Silvana Zanlungo, Santiago

Milan Jirsa, Praha
Pavel Trunečka, Prague
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Ondrej Slaby, Brno
Radan Bruha, Prague

China
Chi-Hin Cho, Hong Kong
Chun-Qing Zhang, Jinan
Ren Xiang Tan, Nanjing
Fei Li, Beijing
Hui-Jie Bian, Xi'an
Xiao-Peng Zhang, Beijing
Xing-Hua Lu, Beijing
Fu-Sheng Wang, Beijing
An-Gang Yang, Xi’an
Xiao-Ping Chen, Wuhan
Zong-Jie Cui, Beijing
Ming-Liang He, Hong Kong
Yuk-Tong Lee, Hong Kong
Qin Su, Beijing
Jian-Zhong Zhang, Beijing
Paul Kwong-Hang Tam, Hong Kong
Wen-Rong Xu, Zhenjiang
Chun-Yi Hao, Beijing
San-Jun Cai, Shanghai
Simon Law, Hong Kong
Yuk Him Tam, Hong Kong
De-Liang Fu, Shanghai
Eric WC Tse, Hong Kong

II

Denmark
Asbjørn M Drewes, Aalborg
Leif Percival Andersen, Copenhagen
Jan Mollenhauer, Odense C
Morten Frisch, Copenhagen S
Jorgen Rask-Madsen, Skodsborg
Morten Hylander Møller, Holte
Søren Rafaelsen, Vejle
Vibeke Andersen, Aabenraa
Ole Haagen Nielsen, Herlev

Ecuador
Fernando E Sempértegui, Quito

Egypt
Zeinab Nabil Ahmed Said, Cairo
Hussein M Atta, El-Minia
Asmaa Gaber Abdou, Shebein Elkom

January 7, 2012

Maha Maher Shehata, Mansoura

Estonia
Riina Salupere, Tartu
Tamara Vorobjova, Tartu

Finland
Saila Kauhanen, Turku
Pauli Antero Puolakkainen, Turku
Minna Nyström, Helsinki
Juhani Sand, Tampere
Jukka-Pekka Mecklin, Jyvaskyla
Lea Veijola, Helsinki
Kaija-Leena Kolho, Helsinki
Thomas Kietzmann, Oulu

France
Boris Guiu, Dijon
Baumert F Thomas, Strasbourg
Alain L Servin, Châtenay-Malabry
Patrick Marcellin, Paris
Jean-Jacques Tuech, Rouen
Francoise L Fabiani, Angers
Jean-Luc Faucheron, Grenoble
Philippe Lehours, Bordeaux
Stephane Supiot, Nantes
Lionel Bueno, Toulouse
Flavio Maina, Marseille
Paul Hofman, Nice
Abdel-Majid Khatib, Paris
Annie Schmid-Alliana, Nice cedex 3
Frank Zerbib, Bordeaux Cedex
Rene Gerolami Santandera, Marseille
Sabine Colnot, Paris
Catherine Daniel, Lille Cedex
Thabut Dominique, Paris
Laurent Huwart, Paris
Alain Braillon, Amiens
Bruno Bonaz, Grenoble
Evelyne Schvoerer, Strasbourg
M Coeffier, Rouen
Mathias Chamaillard, Lille
Hang Nguyen, Clermont-Ferrand
Veronique Vitton, Marseille
Alexis Desmoulière, Limoges
Juan Iovanna, Marseille

Germany
Hans L Tillmann, Leipzig
Stefan Kubicka, Hannover
Elke Cario, Essen
Hans Scherubl, Berlin
Harald F Teutsch, Ulm
Peter Konturek, Erlangen
Thilo Hackert, Heidelberg
Jurgen M Stein, Frankfurt
Andrej Khandoga, Munich
Karsten Schulmann, Bochum
Jutta Elisabeth Lüttges, Riegelsberg
Wolfgang Hagmann, Heidelberg
Hubert Blum, Freiburg
Thomas Bock, Berlin

WJG|www.wjgnet.com

Christa Buechler, Regensburg
Christoph F Dietrich, Bad Mergentheim
Ulrich R Fölsch, Kiel
Nikolaus Gassler, Aachen
Markus Gerhard, Munich
Dieter Glebe, Giessen
Klaus R Herrlinger, Stuttgart
Eberhard Hildt, Berlin
Joerg C Hoffmann, Ludwigshafen
Joachim Labenz, Siegen
Peter Malfertheiner, Magdeburg
Sabine Mihm, Göttingen
Markus Reiser, Bochum
Steffen Rickes, Magdeburg
Andreas G Schreyer, Regensburg
Henning Schulze-Bergkamen, Heidelberg
Ulrike S Stein, Berlin
Wolfgang R Stremmel, Heidelberg
Fritz von Weizsäcker, Berlin
Stefan Wirth, Wuppertal
Dean Bogoevski, Hamburg
Bruno Christ, Halle/Saale
Peter N Meier, Hannover
Stephan Johannes Ott, Kiel
Arndt Vogel, Hannover
Dirk Haller, Freising
Jens Standop, Bonn
Jonas Mudter, Erlangen
Jürgen Büning, Lübeck
Matthias Ocker, Erlangen
Joerg Trojan, Frankfurt
Christian Trautwein, Aachen
Jorg Kleeff, Munich
Christian Rust, Munich
Claus Hellerbrand, Regensburg
Elke Roeb, Giessen
Erwin Biecker, Siegburg
Ingmar Königsrainer, Tübingen
Jürgen Borlak, Hannover
Axel M Gressner, Aachen
Oliver Mann, Hamburg
Marty Zdichavsky, Tübingen
Christoph Reichel, Bad Brückenau
Nils Habbe, Marburg
Thomas Wex, Magdeburg
Frank Ulrich Weiss, Greifswald
Manfred V Singer, Mannheim
Martin K Schilling, Homburg
Philip D Hard, Giessen
Michael Linnebacher, Rostock
Ralph Graeser, Freiburg
Rene Schmidt, Freiburg
Robert Obermaier, Freiburg
Sebastian Mueller, Heidelberg
Andrea Hille, Goettingen
Klaus Mönkemüller, Bottrop
Elfriede Bollschweiler, Köln
Siegfried Wagner, Deggendorf
Dieter Schilling, Mannheim
Joerg F Schlaak, Essen
Michael Keese, Frankfurt
Robert Grützmann, Dresden
Ali Canbay, Essen
Dirk Domagk, Muenster
Jens Hoeppner, Freiburg
Frank Tacke, Aachen
Patrick Michl, Marburg
Alfred A Königsrainer, Tübingen
Kilian Weigand, Heidelberg
Mohamed Hassan, Duesseldorf
Gustav Paumgartner, Munich

III

Philipe N Khalil, Munich
Martin Storr, Munich

Greece
Andreas Larentzakis, Athens
Tsianos Epameinondas, Ioannina
Elias A Kouroumalis, Heraklion
Helen Christopoulou-Aletra, Thessaloniki
George Papatheodoridis, Athens
Ioannis Kanellos, Thessaloniki
Michael Koutsilieris, Athens
T Choli-Papadopoulou, Thessaloniki
Emanuel K Manesis, Athens
Evangelos Tsiambas, Ag Paraskevi Attiki
Konstantinos Mimidis, Alexandroupolis
Spilios Manolakopoulos, Athens
Spiros Sgouros, Athens
Ioannis E Koutroubakis, Heraklion
Stefanos Karagiannis, Athens
Spiros Ladas, Athens
Elena Vezali, Athens
Dina G Tiniakos, Athens
Ekaterini Chatzaki, Alexandroupolis
Dimitrios Roukos, Ioannina
George Sgourakis, Athens
Maroulio Talieri, Athens

Hungary
Peter L Lakatos, Budapest
Yvette Mándi, Szeged
Ferenc Sipos, Budapest
György M Buzás, Budapest
László Czakó, Szeged
Peter Hegyi, Szeged
Zoltan Rakonczay, Szeged
Gyula Farkas, Szeged
Zsuzsa Szondy, Debrecen
Gabor Veres, Budapest
Zsuzsa Schaff, Budapest

India
Philip Abraham, Mumbai
Sri P Misra, Allahabad
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Rakesh Kumar Tandon, New Delhi
Jai Dev Wig, Chandigarh
Uday C Ghoshal, Lucknow
Pramod Kumar Garg, New Delhi
Barjesh Chander Sharma, New Delhi
Gopal Nath, Varanasi
Bhupendra Kumar Jain, Delhi
Devinder Kumar Dhawan, Chandigarh
Ashok Kumar, Lucknow
Benjamin Perakath, Tamil Nadu
Debidas Ghosh, Midnpore
Pankaj Garg, Panchkula
Samiran Nundy, New Delhi
Virendra Singh, Chandigarh
Bikash Medhi, Chandigarh
Radha K Dhiman, Chandigarh
Vandana Panda, Mumbai
Vineet Ahuja, New Delhi
SV Rana, Chandigarh
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Deepak N Amarapurkar, Mumbai
Abhijit Chowdhury, Kolkata
Jasbir Singh, Kurukshetra
B Mittal, Lucknow
Sundeep Singh Saluja, New Delhi
Pradyumna Kumar Mishra, Mumbai
Runu Chakravarty, Kolkata
Nagarajan Perumal, New Delhi

Indonesia
David handojo Muljono, Jakarta
Andi Utama, Tangerang

Iran
Seyed-Moayed Alavian, Tehran
Reza Malekzadeh, Tehran
Peyman Adibi, Isfahan
Alireza Mani, Tehran
Seyed Mohsen Dehghani, Shiraz
Mohammad Abdollahi, Tehran
Majid Assadi, Bushehr
Arezoo Aghakhani, Tehran
Marjan Mohammadi, Tehran
Fariborz Mansour-Ghanaei, Rasht

Ireland
Ross McManus, Dublin
Billy Bourke, Dublin
Catherine Greene, Dublin
Ted Dinan, Cork
Marion Rowland, Dublin

Israel
Abraham R Eliakim, Haifa
Simon Bar-Meir, Tel Hashomer
Ami D Sperber, Beer-Sheva
Boris Kirshtein, Beer Sheva
Mark Pines, Bet Dagan
Menachem Moshkowitz, Tel-Aviv
Ron Shaoul, Haifa
Shmuel Odes, Beer Sheva
Sigal Fishman, Tel Aviv
Alexander Becker, Afula
Assy Nimer, Safed
Eli Magen, Ashdod
Amir Shlomai, Tel-Aviv

Italy
Mauro Bortolotti, Bologna
Gianlorenzo Dionigi, Varese
Fiorucci Stefano, Perugia
Roberto Berni Canani, Naples
Ballarin Roberto, Modena
Bruno Annibale, Roma
Vincenzo Stanghellini, Bologna
Giovanni B Gaeta, Napoli
Claudio Bassi, Verona
Mauro Bernardi, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome
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Dario Conte, Milano
Francesco Costa, Pisa
Giovanni D De Palma, Naples
Giammarco Fava, Ancona
Francesco Feo, Sassari
Edoardo G Giannini, Genoa
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Pietro Invernizzi, Milan
Ezio Laconi, Cagliari
Giuseppe Montalto, Palermo
Giovanni Musso, Torino
Gerardo Nardone, Napoli
Valerio Nobili, Rome
Raffaele Pezzilli, Bologna
Alberto Piperno, Monza
Anna C Piscaglia, Roma
Piero Portincasa, Bari
Giovanni Tarantino, Naples
Cesare Tosetti, Porretta Terme
Alessandra Ferlini, Ferrara
Alessandro Ferrero, Torino
Donato F Altomare, Bari
Giovanni Milito, Rome
Giuseppe Sica, Rome
Guglielmo Borgia, Naples
Giovanni Latella, L'Aquila
Salvatore Auricchio, Naples
Alberto Biondi, Rome
Alberto Tommasini, Trieste
Antonio Basoli, Roma
Giuliana Decorti, Trieste
Marco Silano, Roma
Michele Reni, Milan
Pierpaolo Sileri, Rome
Achille Iolascon, Naples
Alessandro Granito, Bologna
Angelo A Izzo, Naples
Giuseppe Currò, Messina
Pier Mannuccio Mannucci, Milano
Marco Vivarelli, Bologna
Massimo Levrero, Rome
Massimo Rugge, Padova
Paolo Angeli, Padova
Silvio Danese, Milano
Antonello Trecca, Rome
Antonio Gasbarrini, Rome
Cesare Ruffolo, Treviso
Massimo Falconi, Verona
Fausto Catena, Bologna
Francesco Manguso, Napoli
Giancarlo Mansueto, Verona
Luca Morelli, Trento
Marco Scarpa, Padova
Mario M D'Elios, Florence
Francesco Luzza, Catanzaro
Franco Roviello, Siena
Guido Torzilli, Rozzano Milano
Luca Frulloni, Verona
Lucia Malaguarnera, Catania
Lucia Ricci Vitiani, Rome
Mara Massimi, L'Aquila
Mario Pescatori, Rome
Mario Rizzetto, Torino
Mirko D’Onofrio, Verona
Nadia Peparini, Rome
Paola De Nardi, Milan
Paolo Aurello, Rome
Piero Amodio, Padova
Riccardo Nascimbeni, Brescia

IV

Vincenzo Villanacci, Brescia
Vittorio Ricci, Pavia
Silvia Fargion, Milan
Luigi Bonavina, Milano
Oliviero Riggio, Rome
Fabio Pace, Milano
Gabrio Bassotti, Perugia
Giulio Marchesini, Bologna
Roberto de Franchis, Milano
Giovanni Monteleone, Rome
C armelo Scarpignato, Parma
Luca VC Valenti, Milan
Urgesi Riccardo, Rome
Marcello Persico, Naples
Antonio Moschetta, Bari
Luigi Muratori, Bologna
Angelo Zullo, Roma
Vito Annese, Florence
Simone Lanini, Rome
Alessandro Grasso, Savona
Giovanni Targher, Verona
Domenico Girelli, Verona
Alessandro Cucchetti, Bologna
Fabio Marra, Florence
Michele Milella, Rome
Francesco Franceschi, Rome
Giuseppina De Petro, Brescia
Salvatore Leonardi, Catania
Cristiano Simone, Santa Maria Imbaro
Bernardino Rampone, Salerno
Francesco Crea, Pisa
Walter Fries, Messina
Antonio Craxì, Palermo
Gerardo Rosati, Potenza
Mario Guslandi, Milano
Gianluigi Giannelli, Bari
Paola Loria, Modena
Paolo Sorrentino, Avellino
Armando Santoro, Rozzano
Gabriele Grassi, Trieste
Antonio Orlacchio, Rome

Japan
Tsuneo Kitamura, Chiba
Katsutoshi Yoshizato, Higashihiroshima
Masahiro Arai, Tokyo
Shinji Tanaka, Hiroshima
Keiji Hirata, Kitakyushu
Yoshio Shirai, Niigata
Susumu Ohmada, Maebashi
Kenichi Ikejima, Tokyo
Masatoshi Kudo, Osaka
Yoshiaki Murakami, Hiroshima
Masahiro Tajika, Nagoya
Kentaro Yoshika, Toyoake
Kyoichi Adachi, Izumo
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Hitoshi Asakura, Tokyo
Mitsuhiro Fujishiro, Tokyo
Toru Hiyama, Higashihiroshima
Yutaka Inagaki, Kanagawa
Hiromi Ishibashi, Nagasaki
Shunji Ishihara, Izumo
Toru Ishikawa, Niigata
Yoshiaki Iwasaki, Okayama
Terumi Kamisawa, Tokyo
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Norihiro Kokudo, Tokyo
Shin Maeda, Tokyo
Yasushi Matsuzaki, Ibaraki
Kenji Miki, Tokyo
Hiroto Miwa, Hyogo
Yoshiharu Motoo, Kanazawa
Kunihiko Murase, Tusima
Atsushi Nakajima, Yokohama
Yuji Naito,
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Mikio Nishioka, Niihama
Hirohide Ohnishi, Akita
Kazuichi Okazaki, Osaka
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo
Yasushi Sano, Kobe
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Toyama
Shinji Shimoda, Fukuoka
Masayuki Sho, Nara
Hidekazu Suzuki, Tokyo
Shinji Togo, Yokohama
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Akihito Nagahara, Tokyo
Hiroaki Takeuchi, Kochi
Keiji Ogura, Tokyo
Kotaro Miyake, Tokushima
Mitsunori Yamakawa, Yamagata
Naoaki Sakata, Sendai
Naoya Kato, Tokyo
Satoshi Mamori, Hyogo
Shogo Kikuchi, Aichi
Shoichiro Sumi, Kyoto
Susumu Ikehara, Osaka
Taketo Yamaguchi, Chiba
Tokihiko Sawada, Tochigi
Tomoharu Yoshizumi, Fukuoka
Toshiyuki Ishiwata, Tokyo
Yasuhiro Fujino, Akashi
Yasuhiro Koga, Isehara city
Yoshihisa Takahashi, Tokyo
Yoshitaka Takuma, Okayama
Yutaka Yata, Maebashi-city
Itaru Endo, Yokohama
Kazuo Chijiiwa, Miyazaki
Kouhei Fukushima, Sendai
Masahiro Iizuka, Akita
Mitsuyoshi Urashima, Tokyo
Munechika Enjoji, Fukuoka
Takashi Kojima, Sapporo
Takumi Kawaguchi, Kurume
Yoshiyuki Ueno, Sendai
Yuichiro Eguchi, Saga
Akihiro Tamori, Osaka
Atsushi Masamune, Sendai
Atsushi Tanaka, Tokyo
Hitoshi Tsuda, Tokyo
Takashi Kobayashi, Tokyo
Akimasa Nakao, Nagogya
Hiroyuki Uehara, Osaka
Masahito Uemura, Kashihara
Satoshi Tanno, Sapporo
Toshinari Takamura, Kanazawa
Yohei Kida, Kainan
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Masanori Hatakeyama, Tokyo
Satoru Kakizaki, Gunma
Shuhei Nishiguchi, Hyogo
Yuichi Yoshida, Osaka
Manabu Morimoto, Japan
Mototsugu Kato, Sapporo
Naoki Ishii, Tokyo
Noriko Nakajima, Tokyo
Nobuhiro Ohkohchi, Tsukuba
Takanori Kanai, Tokyo
Kenichi Goda, Tokyo
Mitsugi Shimoda, Mibu
Zenichi Morise, Nagoya
Hitoshi Yoshiji, Kashihara
Takahiro Nakazawa, Nagoya
Utaroh Motosugi, Yamanashi
Nobuyuki Matsuhashi, Tokyo
Yasuhiro Kodera, Nagoya
Takayoshi Ito, Tokyo
Yasuhito Tanaka, Nagoya
Haruhiko Sugimura, Hamamatsu
Hiroki Yamaue, Wakayama
Masao Ichinose, Wakayama
Takaaki Arigami, Kagoshima
Nobuhiro Zaima, Nara
Naoki Tanaka, Matsumoto
Satoru Motoyama, Akita
Tomoyuki Shibata, Toyoake
Tatsuya Ide, Kurume
Tsutomu Fujii, Nagoya
Osamu Kanauchi, Toky
Atsushi Irisawa, Aizuwakamatsu
Hikaru Nagahara, Tokyo
Keiji Hanada, Onomichi
Keiichi Mitsuyama, Fukuoka
Shin Maeda, Yokohama
Takuya Watanabe, Niigata
Toshihiro Mitaka, Sapporo
Yoshiki Murakami, Kyoto
Tadashi Shimoyama, Hirosaki

Jordan
Ismail Matalka, Irbid
Khaled Jadallah, Irbid

Kuwait
Islam Khan, Safat

Lebanon
Bassam N Abboud, Beirut
Rami Moucari, Beirut
Ala I Sharara, Beirut
Rita Slim, Beirut

Lithuania
Giedrius Barauskas, Kaunas
Limas Kupcinskas, Kaunas

Malaysia
Andrew Seng Boon Chua, Ipoh



Mexico
Saúl Villa-Trevio, México
Omar Vergara-Fernandez, Mexico
Diego Garcia-Compean, Monterrey
Arturo Panduro, Jalisco
Miguel Angel Mercado, Distrito Federal
Richard A Awad, Mexico
Aldo Torre Delgadillo, México
Paulino Martínez Hernández Magro, Celaya
Carlos A Aguilar-Salinas, Mexico
Jesus K Yamamoto-Furusho, Mexico

Morocco
Samir Ahboucha, Khouribga

Moldova
Igor Mishin, Kishinev

Netherlands
Ulrich Beuers, Amsterdam
Albert Frederik Pull ter Gunne, Tilburg
Jantine van Baal, Heidelberglaan
Wendy Wilhelmina Johanna de Leng, Utrecht
Gerrit A Meijer, Amsterdam
Lee Bouwman, Leiden
J Bart A Crusius, Amsterdam
Frank Hoentjen, Haarlem
Servaas Morré, Amsterdam
Chris JJ Mulder, Amsterdam
Paul E Sijens, Groningen
Karel van Erpecum, Utrecht
BW Marcel Spanier, Arnhem
Misha Luyer, Sittard
Pieter JF de Jonge, Rotterdam
Robert Christiaan Verdonk, Groningen
John Plukker, Groningen
Maarten Tushuizen, Amsterdam
Wouter de Herder, Rotterdam
Erwin G Zoetendal, Wageningen
Robert J de Knegt, Rotterdam
Albert J Bredenoord, Nieuwegein
Annemarie de Vries, Rotterdam
Astrid van der Velde, Ede
Lodewijk AA Brosens, Utrecht
James CH Hardwick, Leiden
Loes van Keimpema, Nijmegen
WJ de Jonge, Amsterdam
Zuzana Zelinkova, Rotterdam
LN van Steenbergen, Eindhoven
Frank G Schaap, Amsterdam
Jeroen Maljaars, Leiden

New Zealand
A�������������
ndrew S Day, Christchurch
Max S Petrov, Auckland

Norway
Espen Melum, Oslo
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Trine Olsen, Tromsø
Eyvind J Paulssen, Tromsø
Rasmus Goll, Tromsø
Asle W Medhus, Oslo
Jon Arne Søreide, Stavanger
Kjetil Soreide, Stavanger
Reidar Fossmark, Trondheim
Trond Peder Flaten, Trondheim
Olav Dalgard, Oslo
Ole Høie, Arendal
Magdy El-Salhy, Bergen
Jørgen Valeur, Oslo

Singapore
Brian Kim Poh Goh, Singapore
Khek-Yu Ho, Singapore
Fock Kwong Ming, Singapore
Francis Seow-Choen, Singapore
Kok Sun Ho, Singapore
Kong Weng Eu, Singapore
Madhav Bhatia, Singapore
London Lucien Ooi, Singapore
Wei Ning Chen, Singapore
Richie Soong, Singapore
Kok Ann Gwee, Singapore

Pakistan
Shahab Abid, Karachi
Syed MW Jafri, Karachi

Slovenia
Matjaz Homan, Ljubljana

Poland
Beata Jolanta Jablońska, Katowice
Halina Cichoż-Lach, Lublin
Tomasz Brzozowski, Cracow
Hanna Gregorek, Warsaw
Marek Hartleb, Katowice
Stanislaw J Konturek, Krakow
Andrzej Dabrowski, Bialystok
Jan Kulig, Kraków
Julian Swierczynski, Gdansk
Marek Bebenek, Wroclaw
Dariusz M Lebensztejn, Bialystok

Portugal
Ricardo Marcos, Porto
Guida Portela-Gomes, Estoril
Ana Isabel Lopes, Lisboa Codex
Raquel Almeida, Porto
Rui Tato Marinho, Lisbon
Ceu Figueiredo, Porto

Romania
Dan L Dumitrascu, Cluj
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Anca Trifan, Iasi

Russia
Vasiliy I Reshetnyak, Moscow

Saudi Arabia
Ibrahim A Al Mofleh, Riyadh
Abdul-Wahed Meshikhes, Qatif
Faisal Sanai, Riyadh

Serbia
Tamara M Alempijevic, Belgrade
Dusan M Jovanovic, Sremska Kamenica
Zoran Krivokapic, Belgrade
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South Africa
Rosemary Joyce Burnett, Pretoria
Michael Kew, Cape Town
Roland Ndip, Alice

South Korea
Byung Chul Yoo, Seoul
Jae J Kim, Seoul
Jin-Hong Kim, Suwon
Marie Yeo, Suwon
Jeong Min Lee, Seoul
Eun-Yi Moon, Seoul
Joong-Won Park, Goyang
Hoon Jai Chun, Seoul
Myung-Gyu Choi, Seoul
Sang Kil Lee, Seoul
Sang Yeoup Lee, Gyeongsangnam-do
Won Ho Kim, Seoul
Dae-Yeul Yu, Daejeon
Donghee Kim, Seoul
Sang Geon Kim, Seoul
Sun Pyo Hong, Geonggi-do
Sung-Gil Chi, Seoul
Yeun-Jun Chung, Seoul
Ki-Baik Hahm, Incheon
Ji Kon Ryu, Seoul
Kyu Taek Lee, Seoul
Yong Chan Lee, Seoul
Seong Gyu Hwang, Seongnam
Seung Woon Paik, Seoul
Sung Kim, Seoul
Hong Joo Kim, Seoul
Hyoung-Chul Oh, Seoul
Nayoung Kim, Seongnam-si
Sang Hoon Ahn, Seoul
Seon Hahn Kim, Seoul
Si Young Song, Seoul
Young-Hwa Chung, Seoul
Hyo-Cheol Kim, Seoul
Kwang Jae Lee, Swon
Sang Min Park, Seoul
Young Chul Kim, Seoul
Do Hyun Park, Seoul
Dae Won Jun, Seoul
Dong Wan Seo, Seoul
Soon-Sun Hong, Incheon

VI

Hoguen Kim, Seoul
Ho-Young Song, Seoul
Joo-Ho Lee, Seoul
Jung Eun Lee, Seoul
Jong H Moon, Bucheon

Spain
Eva Vaquero, Barcelona
Andres Cardenas, Barcelona
Laureano Fernández-Cruz, Barcelona
Antoni Farré, Spain
Maria-Angeles Aller, Madrid
Raul J Andrade, Málaga
Fernando Azpiroz, Barcelona
Josep M Bordas, Barcelona
Antoni Castells, Barcelona
Vicente Felipo, Valencia
Isabel Fabregat, Barcelona
Angel Lanas, Zaragoza
Juan-Ramón Larrubia, Guadalajara
María IT López, Jaén
Jesús M Prieto, Pamplona
Mireia Miquel, Sabadell
Ramon Bataller, Barcelona
Fernando J Corrales, Pamplona
Julio Mayol, Madrid
Matias A Avila, Pamplona
Juan Macías, Seville
Juan Carlos Laguna Egea, Barcelona
Juli Busquets, Barcelona
Belén Beltrán, Valencia
José Manuel Martin-Villa, Madrid
Lisardo Boscá, Madrid
Luis Grande, Barcelona
Pedro Lorenzo Majano Rodriguez, Madrid
Adolfo Benages, Valencia
Domínguez-Muñoz JE, Santiago de Compostela
Gloria González Aseguinolaza, Navarra
Javier Martin, Granada
Luis Bujanda, San Sebastián
Matilde Bustos, Pamplona
Luis Aparisi, Valencia
José Julián calvo Andrés, Salamanca
Benito Velayos, Valladolid
Javier Gonzalez-Gallego, León
Ruben Ciria, Córdoba
Francisco Rodriguez-Frias, Barcelona
Manuel Romero-Gómez, Sevilla
Albert Parés, Barcelona
Joan Roselló-Catafau, Barcelona

Sri Lanka
Arjuna De Silva, Kelaniya

Sweden
Stefan G Pierzynowski, Lund
Hanns-Ulrich Marschall, Stockholm
Lars A Pahlman, Uppsala
Helena Nordenstedt, Stockholm
Bobby Tingstedt, Lund
Evangelos Kalaitzakis, Gothenburg
Lars Erik Agréus, Huddinge
Annika Lindblom, Stockholm
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Roland Andersson, Lund
Zongli Zheng, Stockholm
Mauro D'Amato, Huddinge
Greger Lindberg, Stockholm
Pär Erik Myrelid, Linköping
Sara Lindén, Göteborg
Sara Regnér, Malmö
Åke Nilsson, Lund

Switzerland
Jean L Frossard, Geneva
Andreas Geier, Zürich
Bruno Stieger, Zürich
Pascal Gervaz, Geneva
Paul M Schneider, Zurich
Felix Stickel, Berne
Fabrizio Montecucco, Geneva
Inti Zlobec, Basel
Michelangelo Foti, Geneva
Pascal Bucher, Geneva
Andrea De Gottardi, Berne
Christian Toso, Geneva

Thailand
Weekitt Kittisupamongkol, Bangkok

Trinidad and Tobago
Shivananda Nayak, Mount Hope

Turkey
Tarkan Karakan, Ankara
Yusuf Bayraktar, Ankara
Ahmet Tekin, Mersin
Aydin Karabacakoglu, Konya
Osman C Ozdogan, Istanbul
Özlem Yilmaz, Izmir
Bülent Salman, Ankara
Can GONEN, Kutahya
Cuneyt Kayaalp, Malatya
Ekmel Tezel, Ankara
Eren Ersoy, Ankara
Hayrullah Derici, Balıkesir
Mehmet Refik Mas, Etlik-Ankara
Sinan Akay, Tekirdag
A Mithat Bozdayi, Ankara
Metin Basaranoglu, Istanbul
Mesut Tez, Ankara
Orhan Sezgin, Mersin
Mukaddes Esrefoglu, Malatya
Ilker Tasci, Ankara
Kemal Kismet, Ankara
Selin Kapan, Istanbul
Seyfettin Köklü, Ankara
Murat Sayan, Kocaeli
Sabahattin Kaymakoglu, Istanbul
Yucel Ustundag, Zonguldak
Can Gonen, Istanbul
Yusuf Yilmaz, Istanbul
Müge Tecder-Ünal, Ankara
İlhami Yüksel, Ankara
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United Arab Emirates
Fikri M Abu-Zidan, Al-Ain
Sherif M Karam, Al-Ain

United Kingdom
Anastasios Koulaouzidis, Edinburgh
Sylvia LF Pender, Southampton
Hong-Xiang Liu, Cambridge
William Dickey, Londonderry
Simon D Taylor-Robinson, London
James Neuberger, Birmingham
Frank I Tovey, London
Kevin Robertson, Glasgow
Chew Thean Soon, Manchester
Geoffrey Burnstock, London
Vamsi R Velchuru, United Kingdom
Simon Afford, Birmingham
Navneet K Ahluwalia, Stockport
Lesley A Anderson, Belfast
Anthony TR Axon, Leeds
Jim D Bell, London
Alastair D Burt, Newcastle
Tatjana Crnogorac-Jurcevic, London
Daniel R Gaya, Edinburgh
William Greenhalf, Liverpool
Indra N Guha, Southampton
Stefan G Hübscher, Birmingham
Robin Hughes, London
Pali Hungin, Stockton
Janusz AZ Jankowski, Oxford
Peter Karayiannis, London
Patricia F Lalor, Birmingham
Giorgina Mieli-Vergani, London
D Mark Pritchard, Liverpool
Marco Senzolo, Padova
Roger Williams, London
M H Ahmed, Southampton
Christos Paraskeva, Bristol
Emad M El-Omar, Aberdeen
A M El-Tawil, Birmingham
Anne McCune, Bristol
Charles B Ferguson, Belfast
Chin Wee Ang, Liverpool
Clement W Imrie, Glasgow
Dileep N Lobo, Nottingham
Graham MacKay, Glasgow
Guy Fairbairn Nash, Poole
Ian Lindsey, Oxford
Jason CB Goh, Birmingham
Jeremy FL Cobbold, London
Julian RF Walters, London
Jamie Murphy, London
John Beynon, Swansea
John B Schofield, Kent
Anil George, London
Aravind Suppiah, East Yorkshire
Basil Ammori, Salford
Catherine Walter, Cheltenham
Chris Briggs, Sheffield
Jeff Butterworth, Shrewsbury
Nawfal Hussein, Nottingham
Patrick O'Dwyer, Glasgow
Rob Glynne-Jones, Northwood
Sharad Karandikar,
Venkatesh Shanmugam, Derby

VII

Yeng S Ang, Wigan
Alberto Quaglia, London
Andrew Fowell, Southampton
Gianpiero Gravante, Leicester
Piers Gatenby, London
Kondragunta Rajendra Prasad, Leeds
Sunil Dolwani, Cardiff
Andrew McCulloch Veitch, Wolverhampton
Brian Green, Belfast
Noriko Suzuki, Middlesex
Richard Parker, North Staffordshire
Shahid A Khan, London
Akhilesh B Reddy, Cambridge
Jean E Crabtree, Leeds
John S Leeds, Sheffield
Paul Sharp, London
Sumita Verma, Brighton
Thamara Perera, Birmingham
Donald Campbell McMillan, Glasgow
Kathleen B Bamford, London
Helen Coleman, Belfast
Eyad Elkord, Manchester
Mohammad Ilyas, Nottingham
Simon R Carding, Norwich
Ian Chau, Sutton
Claudio Nicoletti, Norwich
Hendrik-Tobias Arkenau, London
Muhammad Imran Aslam, Leicester
Giuseppe Orlando, Oxford
John S Leeds, Aberdeen
S Madhusudan, Nottingham
Amin Ibrahim Amin, Dunfermline
David C Hay,Edinburgh
Alan Burns, London

United States
Tauseef Ali, Oklahoma City
George Y Wu, Farmington
Josef E Fischer, Boston
Thomas Clancy, Boston
John Morton, Stanford
Luca Stocchi, Cleveland
Kevin Michael Reavis, Orange
Shiu-Ming Kuo, Buffalo
Gary R Lichtenstein, Philadelphia
Natalie J Torok, Sacramento
Scott A Waldman, Philadelphia
Georgios Papachristou, Pittsburgh
Carla W Brady, Durham
Robert CG Martin, Louisville
Eugene P Ceppa, Durham
Shashi Bala, Worcester
Imran Hassan, Springfield
Klaus Thaler, Columbia
Andreas M Kaiser, Los Angeles
Shawn D Safford, Norfolk
Massimo Raimondo, Jacksonville
Kazuaki Takabe, Richmond VA
Stephen M Kavic, Baltimore
T Clark Gamblin, Pittsburgh
BS Anand, Houston
Ananthanarayanan M, New York
Anthony J Bauer, Pittsburgh
Edmund J Bini, New York
Xian-Ming Chen, Omaha
Ramsey Chi-man Cheung, Palo Alto
Parimal Chowdhury, Arkansas
Mark J Czaja, New York
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Conor P Delaney, Cleveland
Sharon DeMorrow, Temple
Bijan Eghtesad, Cleveland
Alessandro Fichera, Chicago
Glenn T Furuta, Aurora
Jean-Francois Geschwind, Baltimore
Shannon S Glaser, Temple
Ajay Goel, Dallas
James H Grendell, New York
Anna S Gukovskaya, Los Angeles
Jamal A Ibdah, Columbia
Atif Iqbal, Omaha
Hajime Isomoto, Rochester
Hartmut Jaeschke, Kansas
Leonard R Johnson, Memphis
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Miran Kim, Providence
Burton I Korelitz, New York
Richard A Kozarek, Seattle
Alyssa M Krasinskas, Pittsburgh
Ming Li, New Orleans
Zhiping Li, Baltimore
Chen Liu, Gainesville
Michael R Lucey, Madison
James D Luketich, Pittsburgh
Patrick M Lynch, Houston
Willis C Maddrey, Dallas
Mercedes Susan Mandell, Aurora
Wendy M Mars, Pittsburgh
Laura E Matarese, Pittsburgh
Lynne V McFarland, Washington
Stephan Menne, New York
Didier Merlin, Atlanta
George Michalopoulos, Pittsburgh
James M Millis, Chicago
Pramod K Mistry, New Haven
Emiko Mizoguchi, Boston
Peter L Moses, Burlington
Masaki Nagaya, Boston
Robert D Odze, Boston
Stephen JD O’Keefe, Pittsburgh
Zhiheng Pei, New York
Raymund R Razonable, Minnesota
Basil Rigas, New York
Richard A Rippe, Chapel Hill
Philip Rosenthal, San Francisco
Stuart Sherman, Indianapolis
Christina Surawicz, Seattle
Wing-Kin Syn, Durham
Yvette Taché, Los Angeles
K-M Tchou-Wong, New York
George Triadafilopoulos, Stanford
Chung-Jyi Tsai, Lexington
Andrew Ukleja, Florida
Arnold Wald, Wisconsin
Irving Waxman, Chicago
Steven D Wexner, Weston
Jackie Wood, Ohio
Jian Wu, Sacramento
Zobair M Younossi, Virginia
Liqing Yu, Winston-Salem
Ruben Zamora, Pittsburgh
Michael E Zenilman, New York
Michael A Zimmerman, Colorado
Beat Schnüriger, California
Clifford S Cho, Madison
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R Mark Ghobrial, Texas
Anthony T Yeung, Philadelphia
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Abstract

INTRODUCTION

The gut flora plays an important role in the pathogenesis of the complications of cirrhosis. Hepatic encephalopathy (HE) represents a broad continuum of
neuropsychological dysfunction in patients with acute
or chronic liver disease and/or porto-systemic shunting of blood flow and it manifests with progressive
deterioration of the superior neurological functions.
The pathophysiology of this disease is complex, as it
involves overproduction and reduced metabolism of
various neurotoxins, particularly ammonia. Management of HE is diversified and requires several steps:
elimination of precipitating factors, removal of toxins,
proper nutritional support, modulation of resident fecal
flora and downregulation of systemic and gut-derived
inflammation. This review will provide an overview of
gut barrier function and the influence of gut-derived
factors on HE, focusing on the role of gut microbiota in
the pathogenesis of HE and the recent literature findings on its therapeutic manipulation.

Humans have been proposed to be a “meta-organisms”
consisting of a huge number of bacterial cells that are
metabolically and immunologically integrated with somatic cells[1]. This interaction is especially important in
the gastrointestinal tract, where the commensal bacteria,
known as intestinal microbiota, are an integral component of human gut physiology and, together with the
intestinal mucosa, form an important barrier against
pathogens. Gut homeostasis and physiology are closely
linked to the liver since it receives the intestinal blood
content through the portal system and influences intestinal functions through bile secretion into the lumen[2].
Thus, alterations of gut barrier seem to play an important role in the pathogenesis and progression of liver
damage[3]. Understanding of both partners in this normal gut-liver interaction is critical to the development
of new therapeutic modalities to treat or prevent liver
disease and its complications. This review will provide
an overview of gut barrier function and the influence of
gut-derived factors on hepatic encephalopathy (HE), fo-
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reduced phagocytic activity of Kupffer cells[13]. A great
deal of evidence indicates that patients with cirrhosis
could present increased intestinal permeability[14]. This is
related to structural changes that occur in the presence
of portal hypertension and hypertensive enteropathy: an
altered oxide-reductive state with consequent oxidative
damage of the brush border membrane and the overproduction of nitric oxide resulting in tight junctions
expansion and cytoskeleton destruction[15]. Altered intestinal permeability, together with bacterial overgrowth
and immune dysfunction are associated with the migration of bacteria or their products from the gut to mesenteric lymph nodes or to other organs, a process known
as bacterial translocation (BT). This phenomenon, in
association with the presence of vascular shunts, is responsible for increased circulating levels of LPS. Blood
concentration of bacterial endotoxin directly correlates
with the severity of liver disease and participates in the
initiation of a complex series of mechanisms that lead
to the development of cirrhosis complications[16]. In particular, the main consequences of portal hypertension
and BT are the occurrence of infections and HE.
Bacterial infections are present in about 15%-47% of
patients with liver cirrhosis and are especially related to
Gram-negative bacteria. The most frequent are spontaneous bacterial peritonitis (SBP), urinary tract infections,
pneumonia, pleural empyema and sepsis. It has been
shown that patients with SBP have a higher prevalence
of small intestinal bacterial overgrowth (SIBO)[17] and
altered intestinal permeability[18] than patients without
SBP. Ammonia and other toxic substances derived from
the gut, in the presence of portal and systemic shunts
as well as of reduced liver clearance capability, represent
the pathogenic mechanisms of HE as described in the
following paragraph.

cusing on the role of gut microbiota in the pathogenesis
of HE and the recent literature findings on its therapeutic manipulation.

HOST-MICROBIOTA CROSS-TALK
The human intestine provides residence to more than
1014 bacteria, a number which is 10 times the number
of somatic cells in the human body[4,5]. Microorganisms
start colonizing the gut immediately after birth and are
characterized by a succession of different population
until a stable, adult microbiota has been established. In
this bacterial community anaerobes are more abundant
than aerobes and the majority of the species are from
the genera Bacteroidetes and Firmicutes[6]. Bacterial density
and types differ substantially from lower small intestine to distal colon, and are regulated by physiological
conditions. The specific populations also vary among
individuals and in the same individual during periods of
illness or dietary changes[7]. Microarray analysis of intestinal transcriptional responses and molecular taxonomic
methodologies have greatly increased our understanding
of the gut microbiota composition, activities and functions[1,8,9]. In a healthy individual the host/microbiota
relationship is characterized by a homeostatic symbiosis,
in which the host provides nutrients and a stable environment and, in turn, the microbiota ensures optimal
epithelial functioning.

GUT-LIVER AXIS
Receiving most of its blood supply from the intestine
through the portal circulation, the liver is exposed to
gut-derived toxins, including bacteria and bacterial
products, and must be prepared to react against these
potential systemic pathogens. For this purpose it contains a large number of resident immune cells including
macrophages, dendritic cells, lymphocytes, natural killer
cells. These cells act together with other non-parenchymal cells like endothelial and stellate cells to produce an
organized response to these potentially highly inflammatory factors[10,11]. The role of immune cells during
inflammatory response or chronic liver injury and the
potential impact of gut-derived toxins on these processes have been extensively studied[2]. In particular bacterial
overgrowth and altered intestinal permeability result in
high plasmatic levels of bacterial endotoxins, such as
lipopolysaccharide (LPS), peptidoglycan, and various
lipopeptides also termed pathogen-associated molecular
patterns. Endotoxemia could be responsible for initiation of the liver damage, through its interaction with
specific recognition receptors, the toll like receptors on
the surface of immune cells. These receptors contribute
to adaptive immune response and regulation of inflammation and represent a link between intestinal flora
changes, endotoxemia, and liver damage[12]. Liver cirrhosis is characterized by several abnormalities of both the
systemic and local immune systems and in particular by

WJG|www.wjgnet.com

GUT MICROBIOTA AND HE
HE is a reversible neuropsychiatric disorder associated
with liver dysfunction after exclusion of other potential
causes of brain disease[19] and is characterized by poor
survival[20]. Main features are disturbances in cognitive
function, personality and behaviour with a wide spectrum of neuropsychiatric abnormalities that range from
mild impairment of cognitive function and consciousness to coma. There are two types of HE named overt
and minimal HE (OHE, MHE). The first is present in
30%-45% of patients with cirrhosis and in 10%-50%
of patients with transjugular intrahepatic portosystemic
shunt[21]. OHE can be diagnosed clinically through a
constellation of signs and symptoms by several scoring
systems[22]. The most widely used are the West-Haven
criteria (Table 1) which are based on neurological examination and specific questionnaires to detect mental
status changes. In addition, OHE can be further divided
into episodic or persistent depending on time course and
clinical behaviour: episodic HE remains below the clinical detection level among different episodes, whereas
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Table 1 West-Haven criteria for hepatic encephalopathy
Stage

Consciousness

Intellect and behaviour

Neurological findings

0
1
2
3
4

Normal
Trivial lack of awareness
Lethargic
Somnolent but arousable
Coma

Normal
Impaired attention span; altered sleep; euphoria
Disoriented; inappropriate behaviour depression
Gross disorientation; bizarre behaviour
Coma

Normal examination1
Mild asterixis
Asterixis; slurred speech
Muscular rigidity/clonus hyper-reflexia
Decerebrate posturing

1

If impaired psychomotor testing, then minimal hepatic encephalopathy.

Brain

Blood-brain barrier

Systemic circulation

Portal-systemic shunts

Liver

Portal venous flow
Gut microflora
Ammonia
Nitrogen
Glutamine Serotonin
Methionine GABA

Figure 1 Pathophysiology of hepatic encephalopathy in liver cirrhosis. GABA: γ-aminobutyric acid.

persistent HE is always clinically evident[23]. Prevalence
for MHE ranges from 30% up to 80%, probably because there is still no accepted gold standard for diagnosis of MHE and the majority of the screening tests are
time-consuming and cumbersome to perform[23,24]. It is
characterized by alterations of psychometric and neurophysiological tests in otherwise asymptomatic patients[25].
This condition is considered a preclinical stage of OHE
and is associated with poor quality of life, high risk of
traffic violations and accidents and increased progression to OHE[26-28]. The diagnosis of MHE aims to detect
attention deficits and processing speed and is based
on different batteries of tests. Among them, the portal systemic encephalopathy (PSE) syndrome test, that
includes number connection test A (NCT A), number
connection test B (NCT B), line tracing test errors and
time, serial dotting test and digit symbol test, has been
validated in different countries and is recommended by

WJG|www.wjgnet.com

the Working Group on HE[29]. Although the pathogenesis of this disorder is not well understood, a key role
is played by circulating gut derived toxins of the nitrogenous compounds with a resultant neuroglial injury in
the setting of a systemic inflammatory milieu (Figure 1).
In particular, the currently accepted hypothesis is that
endogenous neurotoxic substances escape from catabolism by the liver, due both to the impaired function of
the cirrhotic liver and to the presence of portal-systemic
shunts. These substances circulate in the systemic blood
flow, reach the brain through the blood-brain barrier and
results in different severity of cerebral impairment[30].
Several factors have been shown to precipitate HE, including gastrointestinal bleeding, electrolyte imbalances,
infection, and medications such as sedatives and diuretics. They work by increasing the underlying inflammatory milieu, increasing toxins production or reducing the
threshold for mental status decline, or a combination of
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the host like Bifidobacteria and Lactobacilli, thereby indirectly reducing the influence of potentially more harmful
resident flora (i.e. urease-producing species). They come
in the form of indigestible fibers and have shown benefit
for the management of HE, particularly MHE, both as
prebiotics and when used in combination with probiotics
(in which case they are termed synbiotics)[41,42]. Probiotics are living non pathogenic microorganisms that are
thought to exert an effect in HE by reducing intestinal
ammonia production by enterocyte glutaminase and reduce BT, modulate gut permeability and modulate proinflammatory responses. Furthermore, probiotics bypass
the small bowel and get fermented by colonic bacteria to
form lactic, acetic, and butyric acids, and gas (mainly hydrogen); any resultant prokinetic effect may increase the
expulsion of ammoniagenic bacteria[43]. Probiotics have
been studied for the treatment of HE and have shown
some benefit, mostly in the setting of minimal disease[24,44,45]. The bacterial species that appear to be most
successful include Lactobacilli and Bifidobacteria. Probiotics
may also improve overall liver function, perhaps by reducing translocation and subsequent endotoxemia and by
ameliorating the hyperdynamic circulation[41]. To quantify
unambiguously the beneficial and harmful effects of any
probiotics at any dosage, a recent meta-analysis identified seven randomized trials for the treatment of acute
or chronic HE. The authors of this Cochrane review
assessed a range of outcomes including death, recovery,
adverse events, and quality of life. There was no benefit
of probiotics shown for any of the primary outcomes
including mortality. On the other hand, there was a significant difference in secondary outcomes such as lowering of plasma ammonia concentration compared with no
treatment. The authors concluded that this finding is of
questionable importance, not recommending the use of
probiotics for patients with HE until further randomized
clinical trials are undertaken[46]. Non-absorbable disaccharides, such as lactulose and lactilol, have traditionally
been considered the first-line drug therapy for lowering
the production and absorption of ammonia[47]. These
substances are metabolized by the intestinal bacteria to
acetic and lactic acid. The consequent acidification of the
colonic contents creates a hostile environment for the
survival of intestinal bacteria involved in the production
of ammonia and facilitates the conversion of NH3 to
non-absorbable NH4+. Moreover, their cathartic effects
cause an increased in faecal nitrogen excretion[48]. The
non-absorbable disaccharides have been used for decades
with anecdotal and clinical trial experience[49]. However,
side effects of lactulose therapy, including cramping,
diarrhoea and flatulence, result in frequent noncompliance[40]. Overdosage may also result in severe diarrhoea,
electrolyte disturbances and hypovolaemia that, if severe
enough, may itself precipitate encephalopathy symptoms.
In spite of their anedoctal usefulness, in the last years the
true efficacy of the disaccharides for this indication has
been questioned. As the use of lactulose pre dated randomized controlled trials, a comprehensive meta-analysis

the above. Ammonia, mercaptans, phenols, short and
medium-chain fatty acids and benzodiazepine-like compounds have all been found to be elevated in cirrhotic
patients with HE. The majority of these toxic substances are produced in the intestine by the bacterial flora,
and are absorbed into the portal venous flow. Thus, gut
microflora contribute to the pro-inflammatory state of
cirrhosis even in the absence of overt infection[31]. In addition, cirrhotic patients have a substantial alteration of
the gut microecology with a high prevalence of SIBO
and delayed oro-cecal transit time (OCTT)[17,32-36]. The
latter has a multifactorial ethiology. First, it could be due
to the presence of autonomic neuropathy that has been
demonstrated as an independent predictor of reduced
intestinal motility in this kind of patients[37]. Moreover,
patients with autonomic dysfunction were found to have
a higher incidence of new onset of HE[38]. Second, a
delayed OCTT may be associated with metabolic alterations that occur in patients with portal hypertension and
portal-systemic venous shunting. Finally, SIBO itself
may leads to delayed OCTT since it has been shown a
significant improvement of intestinal motility after antibiotic therapy[36]. There might be also a link between
the cognitive impairment in cirrhosis with inflammation
and specific bacterial taxa. For example, recent evidence
showed how interleukin (IL)-23 system and innate immune response were highly correlated with several bacterial families in patients with cirrhosis and HE, and how
there was a direct correlation between cognition, Porphyromonadaceae and Alcaligeneceae families[39]. Based
on these considerations, the manipulation of gut flora
could be useful in the treatment of HE.

MODULATION OF GUT MICROBIOTA
FOR THE MANAGEMENT OF HE
Treatment goals and options are dependent on the stage
and acuity of HE[23]. Once the diagnosis of OHE is
confirmed, an extensive search for potential precipitating factors should be instituted along with treatment of
OHE. As previously described, the leading causes are
gastrointestinal bleeding, sepsis, dehydration resulting
from diuretics, diarrhoea or vomiting, transjugular intra
hepatic porto systemic shunting, constipation and the use
of sedative and narcotic drugs. Their treatment can reverse OHE in most cases. However, when it is not possible to identify a precipitating factor despite an exhaustive
search, specific treatment for OHE should be instituted.
Most therapies for HE focus on treating episodes as
they occur and are directed at reducing the nitrogenous
load in the gut, an approach that is consistent with the
hypothesis that this disorder results from the systemic
accumulation of gut-derived neurotoxins in patients with
impaired liver function and portosystemic shunting[40].
Therefore, the majority of therapeutic options currently
in use are directed towards the gut. Prebiotics are nondigestible food ingredients that act by directly stimulating
the growth of bacterial strains potentially beneficial to
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endorsed by the Cochrane Collaboration did not find
any significant difference in outcomes in patients treated
with and without lactulose[50]. Based on a critical analysis of available published literature, Als-Nielsen et al[50]
concluded that the evidence in favour of utilizing nonabsorbable disaccharides in HE did not meet the current
minimum criteria for adequacy. In fact, although in some
cases the administration of lactulose was associated with
improvement in mental status, it is difficult to assess the
reason for improvement since precipitating factors were
simultaneously being corrected. On the other hand newer
clinical studies suggest benefits with lactulose conferring
improved neuropsychometric and quality of life scores[47].
Also, two recently published meta-analysis on the clinical
efficacy and safety of lactulose in patients with MHE,
provide substantial evidence for the beneficial effects
of non-absorbable disaccharides[51,52]. Therefore, at the
present time, there is a lack of sufficient evidence to
completely dismiss the use of non-absorbable disaccharides for the treatment of HE, while compliance and
cost effectiveness should be carefully balanced against
clinical outcomes. Antimicrobial agents have long been
utilized as an alternative treatment option for patients intolerant or unresponsive to non-absorbable disaccharides
due to their ability to inhibit ammonia production by
intestinal bacteria. Neomycin is the most commonly used
antimicrobial for HE, but despite the legitimate theoretical rationale for its use, there is a paucity of clinical data
to support this practice[48,53]. Moreover, the occurrence
of serious adverse effects such as nephrotoxicity and
ototoxicity limit their use to relatively short periods of
time. Other antimicrobials, including metronidazole and
vancomycin, have been studied to a more limited extent
than neomycin[48]. However, long-term use of metronidazole has been associated with neurotoxicity in patients
with cirrhosis, whereas the risk for enteric bacteria resistance preclude the routine use of vancomycin for HE.
Thus, with the potential for serious adverse effects and
the lack of demonstrated clinical benefit, the routine
management of HE with conventional antibiotics should
be questioned. Rifaximin is a poorly absorbed synthetic
antibiotic with a broad spectrum of antibacterial activity,
against aerobic and anaerobic Gram positive and Gramnegative organisms[54]. As a derivative of rifamycin, it
similarly works by blocking bacterial RNA synthesis.
However, rifaximin has an additional pyridoimidazole
ring that allows for high concentrations in the gastrointestinal tract and minimal systemic drug absorption.
Due to its low rate of systemic bioavailability, the
safety profile of rifaximin appears to be superior to that
of systemic antibiotics, particularly for patients with liver
disease, making it suitable for long-term use. Moreover,
the risk of bacterial resistance appears to be lower with
rifaximin than with systemic antibiotics because bacteria
outside the gastrointestinal tract are not exposed to appreciable selective pressure[55]. The safety and efficacy
profiles of rifaximin as treatment of overt HE have
been extensively explored in several clinical trials[48]. The
results of controlled double-bind studies demonstrated
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that rifaximin was more effective than non-absorbable
disaccharides in the treatment of acute HE: mental state,
electroencephalogram irregularities and PSE-index were
all significantly improved in the rifaximin group [56-59].
While rifaximin was well tolerated, adverse events, including flatulence, diarrhoea, nausea and anorexia, were
reported by patients in the disaccharides group. A recent
study found a reduced hospitalization rate during rifaximin therapy compared with that of lactulose[60]. Once
again, the HE grade was significantly lower and patients
compliance was significantly higher in the rifaximin
group. Further data suggest that rifaximin is at least as
effective as neomycin in decreasing plasma ammonia
levels and in improving the clinical symptoms related to
HE with fewer clinically significant adverse events during a 21 d treatment period[61]. Based on these findings,
the Cochrane review recommends the use of rifaximin
in the treatment of acute HE[50]. Until recently, there
has not been any conclusive evidence to support routine
use of pharmacological prophylaxis to prevent future
recurrence in patients who have recovered from an acute
episode of HE. However, the prevention of episodes
of HE is an important goal in the treatment of patients
with liver disease, especially since symptoms of overt
encephalopathy are debilitating and decrease the ability
for self-care, leading to frequent hospitalizations, and a
poor quality of life. A recent clinical trial has been conducted to evaluate the efficacy of rifaximin as secondary
prophylaxis of overt HE[62]. This double blind, placebo
controlled, multicentre trial randomized 299 patients
with a recent history of recurrent, overt HE to receive
either rifaximin or placebo for a period of 6 months.
The majority of the patients in both groups were also
maintained on concomitant lactulose therapy. During the
study period, an acute episode of HE occurred in a significantly lower percentage of patients in the rifaximin
group (22.1%) than in the placebo group (45.9%), with a
hazard ratio (HR) of 0.42.
Furthermore, there was a significantly reduced risk
of hospitalization in the rifaximin group when compared with placebo: 13.6% vs 22.6% of patients respectively with a corresponding HR of 0.50. No significant
difference in the incidence of adverse events was found
between the two groups. The authors concluded that
the addition of rifaximin to a standard lactulose regimen may offer advantages in terms of decreasing risk
of both acute HE episodes as well as hospitalizations
when compared with lactulose alone. Overall, this pivotal study expands previously reported findings of the
efficacy of rifaximin in the treatment of overt HE and
demonstrates a clinically relevant benefit of rifaximin
as pharmacological prophylaxis of HE. The protective
effect of rifaximin was confirmed by an extension trial
performed on the same patients to assess the efficacy
of rifaximin in maintaining remission over time[63]. The
results of this preliminary study support a possible longterm protective pharmacological effect. In addition, an
ancillary analysis of data from the same trial to assess
the effect of rifaximin on health-related quality of life
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(measured via the Chronic Liver Disease Questionnaire)
provided evidence that rifaximin improves perception
of daily well being and quality of life outcomes in all domains adversely affected by underlying liver diseases[64].
Therefore at this time, both lactulose and rifaximin can
be used to prevent recurrent episodes of OHE. Ambivalence remains as concerning the treatment of MHE. It is
clear that MHE has a major impact on quality of life and
should be promptly diagnosed and treated. However,
for many years, various treatment modalities including
lactulose, probiotics and dietary manipulation, have been
studied with unconvincing evidence. Limits on the use
of antibiotics have been exceeded by the results of the
randomised ischaemic mitral evaluation trial[65], which
showed unequivocally that rifaximin improves psychometric test performance scores as early as after 2 wk of
treatment. The same patients experienced, also, a significant improvement in health related quality of life, which
was strongly correlated with the improvement in cognitive functions. The authors speculated that there are two
possible mechanisms by which rifaximin could lead to an
improvement in MHE: first by reducing the ammoniaproducing bacteria in the gut[61], second by decreasing
BT and inflammation.
The results of the RIME trial represent an important
step in the establishment of rifaximin as an effective
and safe treatment for MHE and are in agreement with
the findings of a more recent study which demonstrates
improved driving skills following rifaximin treatment
in patients with MHE[66]. In this double-blind placebo
controlled trial, patients randomized to rifaximin had a
significant reduction in the number of total driving errors, and specifically speeding tickets and illegal turns,
on a driving simulator, compared with those on placebo.
Driving requires balance and integration of different
cognitive functions, such as attention, adequate reaction
time, visuo-motor coordination and can be considered
a practical interpretation of the cognitive domains affected in MHE[67]. Since patients on rifaximin presented
increased plasmatic levels of the anti-inflammatory cytokine IL-10, the authors speculated that rifaximin could
act by regulating local intestinal immunity and inflammation. The same authors provide in another paper a
cost effective analysis based on a Markov model of progression from cirrhosis without MHE, to MHE and to
OHE focused on motor vehicle crashes as an objective
endpoint. The results of this analysis indicate that diagnosis of MHE followed by lactulose therapy could result
in substantial societal cost savings by preventing major
motor vehicle crashes among MHE patients. In contrast,
because of its high monthly cost, treatment with rifaximin is unlikely to generate overall cost savings unless the
rifaximin monthly cost is substantially reduced[68].

tion and translocation of bacteria or bacteria-derived antigens into the systemic circulation. The same processes,
in turn, exacerbate liver disease leading to enhanced
tissue damage and development of complications such
as systemic infections, phosphate buffered saline, hepato
renal syndrome and portal-systemic encephalopathy.
Modulation of the gut microbiota may represent a good
therapeutic target for the prevention and treatment of
different complications associated with liver cirrhosis.
In particular, due to its low rate of systemic bioavailability and a good tolerability profile, the non-absorbable
antibiotic rifaximin could be an ‘ideal’ antimicrobial for
selective targeting at the gastrointestinal tract in this kind
of patients. As reviewed, at present this antibiotic is
recommended for the treatment of acute HE. Furthermore, recent literature appears to support a favourable
benefit-risk ratio for rifaximin both in the prevention of
overt HE and in the treatment of minimal HE.
However, additional high-quality clinical trials are
needed to more clearly define the effectiveness of longterm or periodic treatment with rifaximin on gut microbiota modulation in cirrhotic patients with HE.
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FIELD OF VISION

Glycogenotic hepatocellular carcinoma with glycogen-groundglass hepatocytes: A heuristically highly relevant phenotype
Peter Bannasch
cells including ground-glass hepatocytes are gradually
transformed via various intermediate stages into poorly
differentiated glycogen-poor, basophilic (ribosome-rich)
cancer cells. Histochemical, microbiochemical, and mo
lecular biochemical studies on focal hepatic glycogeno
sis and advanced preneoplastic and neoplastic lesions
in tissue sections and laser-dissected specimens in rat
and mouse models have provided compelling evidence
for an early insulinomimetic effect of oncogenic agents,
which is followed by a fundamental metabolic switch
from gluconeogenesis towards the pentose-phosphate
pathway and the Warburg type of glycolysis during
progression from preneoplastic hepatic glycogenosis to
the highly proliferative malignant phenotype.
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Abstract
Glycogenotic hepatocellular carcinoma (HCC) with gly
cogen-ground-glass hepatocytes has recently been
described as an allegedly “novel variant” of HCC, but
neither the historical background nor the heuristic rel
evance of this observation were put in perspective. In
the present contribution, the most important findings in
animal models and human beings related to the emer
gence and further evolution of excessively glycogen
storing (glycogenotic) hepatocytes with and without
ground glass features during neoplastic development
have been summarized. Glycogenotic HCCs with gly
cogen-ground-glass hepatocytes represent highly dif
ferentiated neoplasms which contain subpopulations of
cells phenotypically resembling those of certain types
of preneoplastic hepatic foci and benign hepatocellular
neoplasms. It is questionable whether the occurrence
of glycogen-ground-glass hepatocytes in a glycogenot
ic HCC justifies its classification as a specific entity. The
typical appearance of ground-glass hepatocytes is due
to a hypertrophy of the smooth endoplasmic reticulum,
which is usually associated with an excessive storage
of glycogen and frequently also with an expression of
the hepatitis B surface antigen. Sequential studies in
animal models and observations in humans indicate
that glycogen-ground-glass hepatocytes are a faculta
tive, integral part of a characteristic cellular sequence
commencing with focal hepatic glycogenosis poten
tially progressing to benign and malignant neoplasms.
During this process highly differentiated glycogenotic

WJG|www.wjgnet.com

© 2012 Baishideng. All rights reserved.

Key words: Acquired focal hepatic glycogenosis; Inborn
hepatic glycogenosis; Hepatic preneoplasia; Hepatic
neoplasia; Early metabolic aberrations; Progressionlinked metabolic switch
Peer reviewers: Markus Peck-Radosavljevic, Professor, De-

partment of Internal Medicine III, Division of Gastroenterology and Hepatology, University of Vienna, Waehringer Guertel
18-20, A-1090 Vienna, Austria; Dr. Maria Cristina Carrillo,
Instituto de Fisiologia Experimental, Departamento de Ciencias
Fisiologicas, Suipacha 570, Rosario 2000, Argentina
Bannasch P. Glycogenotic hepatocellular carcinoma with glycogen-ground-glass hepatocytes: A heuristically highly relevant
phenotype. World J Gastroenterol 2012; 18(46): 6701-6708
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i46/6701.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i46.6701

INVITED COMMENTARY ON HOT
ARTICLES
The glycogenotic hepatocellular carcinoma (glycogenotic
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HCC) with glycogen-ground-glass hepatocytes has recently been described as a “novel variant” of HCC by
Callea et al[1]. Relating the excessive storage of glycogen
(glycogenosis) to a complete absence of glucose-6phosphatase activity as measured by a microbiochemical
approach, the authors referred to the long known finding of a focal hepatic glycogenosis (FHG) as an early
event in experimental hepatocarcinogenesis[2], continuing
“however, ground-glass cells have not been reported in
FHG”. In contrast to this statement, the characteristic
hepatocellular phenotype addressed was not only explicitly described for the first time in preneoplastic and neoplastic lesions in rodents[3,4] and in humans[5,6] (Figure 1)
decades ago but has also been proven to be heuristically
highly relevant in numerous publications since then. Glycogenotic ground-glass hepatocytes (GGH) predominate
in subpopulations of many focal precancerous hepatocellular lesions, particularly in preneoplastic FHG and
benign hepatocellular neoplasms such as hepatocellular
adenomas and focal nodular hyperplasia, but may also
occur in more or less extended subpopulations of HCC
as observed in various species, including non-human primates and human beings[7,8]. However, glycogen-GGH
hardly ever account for whole neoplasms. This also applies to the glycogenotic HCC depicted by Callea et al[1]
in which the GGH are mixed with “clear” (glycogenotic)
cells without ground-glass features. It is, hence, questionable whether glycogenotic HCC with glycogenGGH should be considered a specific entity as proposed
by Callea et al[1]. Extensive investigations in models of
chemical, viral, and hormonal hepatocarcinogenesis and
some observations in humans suggest that FHG with
and without GGH indicates a critical early metabolic
aberration in the pathogenesis of benign and malignant
hepatocellular neoplasms[7,8].

A

B

C

Figure 1 Light micrographs of portions from human hepatocellular neoplasms with and without glycogenosis. A: Clear-cell hepatocellular adenoma
consisting predominantly of glycogenotic cells. In some cells (arrows) there is a
reduction of glycogen and focal increase in cytoplasmic basophilia; B: Highly differentiated hepatocellular carcinoma (HCC) composed of a mixed population of
clear (glycogenotic) cells, acidophilic cells (ground-glass hepatocytes, arrows),
and some glycogen-poor, basophilic cells; C: Poorly differentiated, glycogen-free,
basophilic HCC. All: Hematoxylin and eosin stain, x 460, from Bannasch et al[6].

Animal models of hepatocarcinogenesis
The observations in humans were preceded by several
seminal findings in animal models of hepatocarcinogenesis as repeatedly reviewed[2,9]. In their pioneering electron
microscopic investigations in rats continuously exposed
to 3-methyl-dimethylaminoazobenzene, Porter et al[10]
detected a hypertrophy of the smooth endoplasmic reticulum in many hepatocytes, and addressed its light microscopic counterpart as “hyaline degeneration”[11]. The
authors related this characteristic subcellular change to a
decreased rather than an increased storage of glycogen
and felt “that only cells which, through mutation, loose
the normal tendency to differentiate for glycogenesis will
survive and so will be selected out for continued growth
and differentiation”[10]. However, investigations in other
models of rat hepatocarcinogenesis, employing both
continuous or limited (stop model) exposure to N-nitrosomorpholine at various dose levels and time schedules[3,4], or ethionine for up to approximately 20 wk[12]
revealed that hypertrophy of the smooth endoplasmic
reticulum is often associated with an excessive storage of
glycogen, the smooth membranes forming either a typical network or peculiar lamellar complexes which often
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show a close spatial relationship with glycogen particles
(Figure 2) but may also be free of glycogen forming
“fingerprints”[4]. Steiner et al[12] designated the complexes
of the smooth endoplasmic reticulum associated with
glycogen as “glycogen-bodies”, and speculated that these
formations indicate a “resistance” to the carcinogen,
reflecting a reactivation of the glycogen-storing ability
after an early loss of glycogen in response to toxicity. In
contrast to both of these considerations, many studies
on experimental hepatocarcinogenesis in different species revealed that FHG composed of glycogenotic clear
and/or acidophilic cells, the latter showing a pronounced
hypertrophy of the smooth endoplasmic reticulum (corresponding to glycogenotic GGH), regularly occur in a
multi-centric fashion in early stages of neoplastic development induced in small rodents by a variety of chemicals[3,4,9,13]. More recently, typical glycogenotic GGH were
also found after chronic infection of woodchucks with
hepadnaviridae[14-16], in hepatitis B virus (HBV)-transgenic
mice[17], and during hormonal hepatocarcinogenesis in
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appears to be supported by the well known high risk of
children suffering from an inborn hepatic glycogenosis
type Ⅰ, especially type Ⅰa (von Gierke), due to a genetically fixed deficiency of the glucose-6-phosphatase, to
develop hepatocellular adenomas and carcinomas when
passing through adolescence[2,9,28]. This interpretation is
in line with the recent finding that the targeted deletion
of liver glucose-6-phosphatase in a knock-out mouse
model results in hepatic glycogenosis and steatosis, and
eventually also in multiple hepatocellular adenomas in all
animals beyond 18 mo of age[29].
It is important to realize, however, that correlative
cytochemical studies in rodent models of hepatocarcinogenesis have shown that the focal decrease of glucose6-phosphatase activity in FHG is regularly combined
with decrease or increase in the activity of many other
enzymes[7,8,30], especially enzymes of the carbohydrate
metabolism[2,24,31]. In addition, over-expression of the key
enzyme of de novo fatty acid synthase has been described
in FHG in the N-nitrosomorpholine stop-model[32]. In
rats exposed to N-2-fluorenylacetamide, Williams et al[33]
demonstrated that the preneoplastic glycogenotic clear
cell foci are resistant to the storage of iron.
For a long time the cause of these complex metabolic alterations in FHG remained elusive. More recently,
however, histochemical, microbiochemical and molecular biochemical studies on FHG and advanced preneoplastic and neoplastic liver lesions in tissue sections and
laser-dissected specimens obtained from small rodents
exposed to chemical carcinogens or oncogenic viruses
provided evidence for an early insulin-like (insulinomimetic) effect of these agents[7,24,34-36]. This notion has
been corroborated by a number of studies on hormonal
hepatocarcinogenesis induced in diabetic rats and mice
by local hyperinsulinemia[18,19,32,37-39].
The phenotype of preneoplastic FHG is not stable,
but undergoes dramatic changes during progression to
the benign and/or malignant neoplastic phenotype[3,4].
Collectively, all types of specific focal hepatocellular
lesions appearing during the preneoplastic phase in
rodents have been termed foci of altered hepatocytes,
and have been widely used as early indicators of neoplastic development in toxicologic pathology[40-42]. The
characteristic sequence of cellular changes starting with
FHG follows an ordered pattern, passing through intermediate or mixed cell foci composed of glycogenotic,
intermediate, and glycogen-poor basophilic (ribosomerich) cell types, the latter corresponding to the typical
cell type in poorly differentiated HCCs[2,4,24]. Detailed
morphological analysis of intermediate cell types at the
light- and electron microscopic level has suggested that
the hypertrophied smooth endoplasmic reticulum is
usually transformed into rough endoplasmic reticulum
by the addition of ribosomes during this phenotypic
conversion[4,9,20]. Frequently, the intermediate cells show
an accumulation of neutral fat, often leading to a combination of glycogenosis and steatosis[2,20]. Evidence of
this sequence of cellular changes was originally provided by light- and electron-microscopic studies in rats
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Figure 2 Portion of a glycogenotic acidophilic hepatocyte (corresponding
to glycogen-ground-glass hepatocyte) induced in rat liver by N-nitrosomorpholine. Note abundant a- and b-glycogen particles (G) in close spatial relationship with large network complexes of proliferated smooth endoplasmic reticulum
(SER). Rough endoplasmic reticulum (RER), mitochondria (M), peroxisomes (P),
and nucleus (N). Inset: Group of acidophilic hepatocytes as seen under the light
microscope. Transmission electron microscopy, lead citrate. Bar: 1 mm.

diabetic animals after intrahepatic transplantation of
pancreatic islets in rats and mice[18,19].
As demonstrated particularly in stop models of hepatocarcinogenesis in rats exposed to N-nitrosomorpholine or thioacetamide, glycogenotic hepatocytes with and
without hypertrophy of the smooth endoplasmic reticulum may persist for weeks and months after withdrawal
of the carcinogen, and may persist as almost entire
populations of hepatocellular adenomas (“hyperplastic
nodules”, “neoplastic nodules”) and in subpopulations
of highly differentiated HCCs[4,20,21]. These observations
are neither compatible with the idea of a preferential
cellular survival by loss of differentiation for glycogenesis[10] nor with the notion of a “resistance” of these
cells to carcinogen[12,22,23]. The functional significance of
the persistent hypertrophy of the smooth endoplasmic
reticulum has remained obscure, but many findings suggest that the organelle represents a metabolic compartment whose increase is a facultative consequence of the
disturbed carbohydrate metabolism characterizing the
acquired hepatocellular glycogenosis[4,24].
Independent of the observation of an acquired FHG
produced in rat liver by N-nitrosomorpholine[5], Gössner
et al[25] described a focal reduction in the activity of glucose-6-phosphatase in rats exposed to N-nitrosodiethylamine. A causal relationship between this enzyme deficiency and the accumulation of glycogen in preneoplastic FHG and “hyperplastic liver nodules” has been suggested by a number of authors[3,4,26,27]. This conclusion
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tose phosphate pathway and the Warburg type of glycolysis as detailed elsewhere[7,8,24], and by an ever increasing cell
proliferation which is inversely related to the gradual reduction of the glycogen initially stored in excess[48]. Based
on these observations, Kopp-Schneider et al[49] developed
the so-called color-shift model of hepatocarcinogenesis
considering epigenetic changes in parenchymal colonies
rather than multiple successive genomic mutations in
single cells as the main cause of neoplastic cell conversion induced in the liver by exogenous oncogenic agents.
The importance of epigenetic events in chemical hepatocarcinogenesis has been discussed by several authors
previously[7,50], and has been emphasized in recent years by
Pogribny et al[51,52].
Human hepatocarcinogenesis
In human pathology, the predominance of clear (glycogenotic) cells (Figure 1A and B) in a minor proportion
of HCCs[6,53], comprising about 8% in 150 cases studied
by Buchanan et al[54], and in many hepatocellular adenomas[6,53-56] is well known. A favorable prognosis of the
clear-cell variant of HCC has been reported[57]. Sasaki
et al[58] described two cases of clear-cell HCC associated
with hypoglycemia and hypercholesterolemia, and postulated a disturbed glucose metabolism of the tumor tissue,
directed to lipogenesis and/or glucogenesis. Acquired
FHG has been considered a preneoplastic condition in
humans[6]. This idea was supported by the fortuitous
observation of FHG (clear-cell foci) in HCC-bearing livers of children suffering from different disorders[59,60], in
women after long-term use of oral contraceptives[61], in
about 12% of 95 males studied in a consecutive autopsy
series in Finland[62], in patients with Crohn’s disease treated over years with azathioprine which is apparently also
responsible for associated HCC development[63-67], and in
a variety of other chronic liver diseases prone to develop
HCC[8,24,53,68,69]. Special cases are patients with genetic hemochromatosis endowed with a high risk of developing
HCC, which frequently show FHG excluding iron similar
to the iron-resistant FHG observed in experimental hepatocarcinogenesis in rodents[8,53,69-73].
Particularly relevant are systematic histochemical and
histological investigations on the phenotype and proliferation kinetics of foci and nodules of altered hepatocytes in more than 150 explanted and resected human
livers with and without HCC[68,74,75]. The results suggest
that foci of altered hepatocytes are proliferative preneoplastic lesions, mixed cell foci (frequently with “small cell
change”) being more advanced than FHG (Figure 3),
potentially transforming into nodules of altered hepatocytes, highly differentiated HCC containing glycogenotic
clear and ground-glass hepatocytes (Figure 4), and eventually also glycogen-poor, basophilic HCC (Figure 1C)[68].
In keeping with these findings, clear-cell change, steatosis
and small cell change have been considered histological features predicting malignant transformation in nonmalignant hepatocellular nodules[76]. Analysis of clonality and chromosomal aberrations in nodules of altered
hepatocytes microdissected from cirrhotic livers revealed

Figure 3 Human focal (A, B) and nodular (C, D) hepatic glycogenosis,
and more advanced mixed cell populations (E, F) with intrafocal small
cell change. A, B: Hepatic vein. Perivenular glycogenolytic (clear cell) focus in
an hepatocellular carcinoma (HCC)-bearing liver with hepatitis B virus (HBV)associated cirrhosis, demonstrated in serial sections with hematoxylin and eosin
(A) and periodic acid schiff (PAS) (B)-reaction counterstained with orange G and
iron hematoxilin (Tri-PAS). Bar: 100 mm; C, D: Glycogenotic (clear cell) nodule in
an HCC-free liver with HBV-associated cirrhosis demonstrated in serial sections
with hematoxylin-eosin (C) and Tri-PAS (D). Bar: 100 mm; E, F: Hematoxylin and
eosin (E), proliferating cell nuclear antigen (F) immunostaining. Increased cell
proliferation (arrows) in a mixed cell focus with less pronounced glycogen storage (not shown) and with intrafocal small cell change in liver with cryptogenic
cirrhosis, demonstrated in serial sections. Bar: 50 mm, from Su et al[68].

exposed for the lifetime or for limited time periods to
N-nitrosomorpholine[3,4]. And it has since been substantiated by a series of morphometric studies[43-45] and by
similar observations in other rodent models of hepatocarcinogenesis elicited by several “genotoxic” and “nongenotoxic” chemicals[7,41], by local hyperinsulinemia[18],
by hepadnaviridae[14,15], and by oncogenic transgenes[17,46].
Most recently, multiple FHG, more advanced types of
foci of altered hepatocytes, hepatocellular adenomas
and HCC indicative of such a sequence, including an
intermediate steatosis, were also observed in a knock-out
mouse model with a reduced expression of the mitochondrial protein frataxin, which is responsible for the
inherited neurodegenerative disease Friedreich´s ataxia in
humans[47].
The conversion of the highly differentiated glyco
genotic clear or acidophilic to the de-differentiated glycogen-poor, basophilic (ribosome-rich) phenotype is associated with a fundamental metabolic switch characterized by
a reduction in gluconeogenesis, an activation of the pen-
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Figure 4 Portion of a human trabecular hepatocellular carcinoma with
mixed populations, including clear (glycogenotic) cells (small upper white
circle), acidophilic (glycogenotic) ground-glass cells (somewhat larger
white circle at the bottom, left), transitions from ground-glass hepatocytes
into basophilic cell populations (largest white circle in the middle, right),
and basophilic cell populations in the middle and at the bottom right (not
marked by circles). Hematoxylin and eosin.

Figure 5 Portion of a ground-glass hepatocyte from a human liver with
hepatitis B virus-associated cirrhosis, showing an accumulation of glycogen granules (long arrow) in the nucleus (N) and abundant smooth
endoplasmic reticulum containing filamentous hepatitis B surface antigen
(short arrows). M: Mitochondria: P: Peroxisome. Transmission electron microscopy, lead citrate. Bar: 1 mm.

then[83]. Wills[84] described HBsAg-free “ground glasslike
hepatocytes” exhibiting “glycogen bodies” in liver biopsies from an immunosuppressed (azathioprine, prednisone, clonidine, frusemide) renal transplant patient,
similar to those observed in experimental chemical hepatocarcinogenesis[4,12].
Irrespective of the expression of HBsAg, glycoge
notic hepatocytes showing hypertrophy of the smooth
endoplasmic reticulum (corresponding to GGH) have
often been observed in human FHG, hepatocellular adenomas, and HCC and considered preneoplastic or highly
differentiated neoplastic phenotypes[6,53,68]. In 30 specimens of HBV-associated cirrhosis, GGH were identified
in 17 of 25 showing HBsAg expression[85] (Figure 5).
Without mentioning any particular relationship to glycogen, others described GGH containing pre-S mutants in
chronic HBV infection, postulating that they represent
preneoplastic lesions[83]. Wisell et al[86] depicted partially
persisting “glycogen pseudoground glass hepatocytes”
in 12 patients immunosuppressed for numerous indications, but detected neither viral particles nor hypertrophy of the smooth endoplasmic reticulum under the
electron microscope. Similar observations were reported
by Bejarano et al[87] but no efforts were made in either of
these studies to directly compare GGH in serial sections
of defined focal lesions at the light and electron microscopic level. Different types of altered hepatocytes,
which superficially resemble glycogenotic GGH appearing during hepatocarcinogensis, have also been observed
in several other diseases but will not be further discussed
in this context[83,86,87].
An intriguing form of acquired hepatic glycogenosis
was discovered by Mauriac et al[88] in a child with poorly
controlled insulin-dependent diabetes type 1. The excessive storage of glycogen resulted in hepatomegaly and
was associated with growth retardation, delayed puberty,
and a cuchingoid face (named after Harvey Williams
Cushing). Many additional cases resembling Mauriac’s

a loss of chromosomal inactivation mosaicism in three
large “regenerative” nodules and in all (12) nodules of altered hepatocytes with small cell change, indicating their
neoplastic nature[77]. Even among 60 nodules of altered
hepatocytes without small cell change, almost 50% (29)
were shown to be monoclonal, whereas FHG and 14 “regenerative” nodules were found to be polyclonal. Interestingly, Cai et al[78] using a similar approach to analyze focal nodular hyperplasia, the pathogenesis and neoplastic
nature of which has been debated for decades[53], found
that this lesion, as a whole, is polyclonal, but represents a
cluster of nodules of altered hepatocytes, some of which
are monoclonal harboring chromosomal aberrations as in
hepatocellular adenomas. The lack of genomic alterations
in fatty and clear-cell changes in HCC and precursor
nodular lesions in cirrhotic livers emphasized by some
authors[79] is in line with the polyclonal nature of many of
these lesions[77], but in view of the increasing evidence for
a decisive role of epigenetic events in the development
and progression of human HCC[80] the findings by Laurent et al[79] do not argue against a preneoplastic nature for
these cellular changes.
A pronounced hypertrophy of the smooth endoplasmic reticulum was discovered in biopsies from cirrhotic
livers and liver cell carcinomas at the light and electron
microscopic level (Figure 1B) almost half a century
ago, and related to aberrations of glycogen metabolism
including glycogenosis from the very beginning[5,6]. The
altered hepatocytes (Figures 1B and 4) were designated
as “acidophilic” (or “eosinophilic”). Later on, Popper
et al[81,82] found frequent association of this phenomenon with the expression of the hepatitis B surface antigen (HBsAg) localized in the lumen of hypertrophied
smooth endoplasmic reticulum (Figure 5), and coined
the term “ground glass hepatocyte” which has become
an important diagnostic entity in chronic liver diseases
elicited by HBV and has dominated the literature since
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syndrome, especially with respect to hepatic glycogenosis,
have subsequently been described[89-91]. Torbenson et al[91]
emphasized that this “glycogenic hepatopathy” is an underrecognized complication of diabetes mellitus. In addition to children with insulin-dependent diabetes, hepatomegaly due to glycogen storage has also been recognized
in adults afflicted by non-insulin-dependent diabetes
type 2 with poor glycemic control[91-93]. To the best of my
knowledge neither GGH nor a relationship of glycogenic
hepatopathy to the evolution of HCC in patients suffering from diabetes mellitus has hitherto been described,
but it might be timely to take a closer look into this possibility.
The high risk of diffuse glycogenosis characteriz
ing inborn hepatic glycogen storage diseases, particularly glycogen storage disease type Ⅰ due to glucose6-phosphatase deficiency, developing into hepatocellular
adenomas potentially progressing to HCC has been well
established[2,9,28,94] since the first description of a case
by Mason et al[95]. In the meantime, hepatocellular neoplasms are now known to also be occasionally found
in other types of glycogen storage disease, namely glycogenoses type Ⅲ (amylo-1,6-glucosidase deficiency),
type Ⅳ (α-1,4-glucan:α-1,4-glucan-6-glycosyl transferase�
deficiency) and type Ⅵ (phosphorylase deficiency, Hers
disease)[94,96-99]. I am not aware of any explicit report of
GGH in inborn glycogenoses, but from the findings
outlined it is obvious that a more detailed comparison
of the molecular, metabolic, and morphological aspects
of hepatocarcinogenesis in inborn and acquired (focal)
hepatic glycogenosis should help to further elucidate the
pathogenesis of hepatocellular neoplasms, and facilitate
development of appropriate measures for the prevention and therapy of this frequently fatal disease. From a
diagnostic point of view it appears to be of great advantage to use the characteristic changes in hepatocellular
glycogen content during hepatocarcinogenesis as simple
“superficial” histochemical markers of complex basic
aberrations at the molecular and metabolic level.
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Abstract
Hepatocellular carcinoma (HCC) is a dreadful cancer and a major cause of death among patients with
chronic liver disease and cirrhosis. The apparent alterations in a diversity of intracellular pathways found
in HCC has set the rational for developing moleculardirected drugs that simultaneously inhibit multiple
pathways, such as the multi-kinase inhibitor Sorafenib.
However, recently this concept has been challenged
by showing that HCC is heavily dependent on a single
oncogene designated late SV-40 factor (LSF), a transcription factor that is over-expressed in liver cancer
cells and that its expression is strongly correlated with
tumor grade and aggressiveness. Furthermore, using
an intensive screening for drugs that inhibit LSF activity, Grant et al have found a molecule designated factor
quinolinone inhibitor 1 that can specifically block the
ability of LSF to bind its target promoters, resulting in
a massive death of HCC cells both in vitro and in vivo .
The innovative findings of HCC representing “oncogene
addiction” to LSF and the ability of a single molecule to
block the activity of this oncogene resulting in tumor
abolishment are encouraging and provide us with the
hope that the “Achilles heel” of HCC has been found.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer in men and the seventh in women, and its
incidence has been sharply rising during the last two decades[1]. Whereas patients with localized disease can benefit from curative therapeutics modalities, such as liver
resection, liver transplantation or radiofrequency ablation, until recently little could be offered to patients with
advanced disease, whose survival was often measured in
a few months[2].

MULTIPLE PATHWAYS ARE DISTORTED
IN HEPATOCELLULAR CARCINOMA
Disruption of a variety of cellular pathways, as well as
mutations in tumor suppressors and oncogenes have
been described in patients with HCC[3]; mutations in the
genes encoding for TP53 and β-������������������������
catenin, amplifications
of the vascular endothelial growth factor (VEGF) and
Cyclin D1 (CCDN1) genes, silencing of E-Cadherin tumor suppressor and activation of the myelocytomatosis
viral oncogene are a partial list. Indeed, the more effort
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invested in elucidating molecular mechanisms underlying HCC, the clearer it became that the complexity and
diversity of such mechanisms make the development of
potential gene-targeted drugs a highly complicated task.

in the fact that although multiple genes and signaling
pathways are impaired in HCC, the cancerous liver cells
are heavily dependent on a single oncogenic protein, the
transcription factor LSF, for their survival. This phenomenon, designated “oncogene addiction”, has been
recognized in various cancers in the last few years, making the oncogene to which a particular cancer is addicted
to an ideal target for anti-cancer therapy[10,11].

SORAFENIB-THE FIRST APPROVED
MOLECULAR-DIRECTED DRUG FOR
HEPATOCELLULAR CARCINOMA

FACTOR QUINOLINONE INHIBITOR 1
SPECIFICALLY INHIBITS LATE SV40
FACTOR ACTIVITY RESULTING IN
ABOLISHMENT OF HEPATOCELLULAR
CARCINOMA

In 2008, Llovet et al[4] have published the results of a
phase 3 multi-center placebo control trial showing that
the multi-kinase inhibitor Sorafenib prolongs survival
in patients with advanced HCC. The rational for using
a multi-kinase inhibitor that simultaneously blocks Raf,
VEGF, platelet-derived growth factor and c-Kit signaling is to “cover” as much diverse signaling pathways
involved in hepatic carcinogenesis as possible. However,
although the introduction of this first molecular-directed
drug is a major breakthrough in the field of HCC, the
results are still far from optimal as reflected by the only
modest improvement in life expectancy of 2.8 mo on
average in the price of often-severe adverse events[5,6].

However, how can one translate experimental abolishment of LSF achieved mainly by dominant negative constructs or knockdown strategies to a drug that inhibits
LSF function in-vivo and that can be easily delivered to
the liver?
A study recently published in the PNAS provided
an unexpected and exciting solution to this problem[12].
By screening for small molecules that could block the
interaction of LSF to its DNA binding sites along the
genome, Grant et al[12] have revealed a small molecule
named factor quinolinone inhibitor 1 (FQI1) that inhibits
LSF DNA binding activity both in-vitro and in-vivo. Functionally, treating HCC cells with FQI1 results in a massive apoptosis of HCC cells whereas normal hepatocytes
remain intact. FQI1 treatment results in a robust activity
in-vivo, as well, reflected by inhibition of tumor growth in
mouse HCC xenografts. Importantly, no toxicity was observed in FQI1 treated animals, as evaluated by animals’
general well being and by careful examination of various
non-hepatic tissues that remained intact following treatment. Noteworthy is the observation that tumors from
FQI1-treated animals expressed LSF at similar levels to
those of control mice, whereas the expression of a central LSF target gene, OPN, as well the proliferative activity of the tumor were dramatically reduced. This observation reflects the inhibition of LSF activity as a transcription factor by blocking its binding to DNA, rather than
reducing its level following FQI1 treatment. Furthermore, the close correlation between the concentrations
of FQI1 required for inhibition of LSF transactivation
and those required for proliferation inhibition strongly
suggest that FQI1 specifically targets LSF and does not
share a general non-specific anti proliferative activity.

LATE SV40 FACTOR-AN ESSENTIAL
ONCOGENE IN HEPATOCELLULAR
CARCINOMA
Recently, Yoo et al[7] has
�������������������
recognized the Late
����������
SV40 �������
f������
actor
(LSF) transcription factor as a central oncogene in HCC.
LSF, which is induced in the liver via inflammatory cytokines, has a major role in DNA synthesis by transcriptionally activating the rate-limiting enzyme in pyramidine
synthesis, thymidylate synthase, as well as other target
genes important for DNA synthesis and cell survival.
LSF inhibition results in constraining DNA synthesis,
which ultimately leads to cell death. Interestingly, Sarker’
s group has found that LSF protein is significantly overexpressed in HCC cells as compared to normal human
liver cells. Furthermore, the degree of LSF expression
revealed a significant correlation with the stage and
grade of the tumor. Most importantly, whereas over
expression of LSF pushed the tumor towards a more
aggressive phenotype, LSF inhibition resulted in abrogation of tumor growth and its metastatic potential, both
in-vitro and in-vivo. Interestingly, among the various genes
induced by LSF following its binding to their promoters,
SPP1 gene encoding for the osteopontin (OPN) protein
has been found to be induces to the greatest extant.
Indeed, the importance of OPN in promoting hepatic
carcinogenesis was recently emphasized by a study
showing that OPN is much more sensitive than the traditional alpha-fetoprotein as a marker for early HCC[8].
Whatsoever, Sarker’s work as well as a later work by Fan
et al[9] strongly indicated that LSF is an essential oncoprotein required for the maintenance and propagation of
liver cancer, making it a potentially ideal target for HCC
treatment. Furthermore, the merit of these findings lies
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which HCC is “addicted” and completely dependent on.
This finding may completely change the current concept
of using drugs inhibiting multiple alternated cellular targets[5], to a strategy that specifically inhibits a particular
target that is essential for HCC maintenance and propagation. Second, in contrast to what was formally considered as an almost impossible target for drug therapy, the
efficiency of FQI1 strongly indicates that targeting the
activity rather than the level of a transcription factor is an
effective and specific mechanism for an anti-cancer drug.
Further studies should address potential caveats and
open question remaining before implementing those
findings to an efficient anti-HCC drug. The bioavailability of FQI1 in human subjects following treatment
should be carefully checked and the long-term consequences in terms of adverse effects should be monitored. The potential for tumor resistance due to mutations in the LSF DNA binding domain is certainly there
and should be taken into consideration. In this regard,
the combination of the current molecular-targeted drug,
Sorafenib, with LSF inhibitors has the potential to minimize the risk of cancer cells “escaping” their oncogene
addiction to LSF. Last but not least, the validity of LSF
role in HCC should be ascertained for the various etiologies of HCC, including viral, metabolic and toxic.
In summary, the introduction of a small molecule
that specifically inhibits the activity of an oncogene on
which HCC heavily depends seems as stimulating news
to the field. Time will tell whether, similar to the Greek
mythology, LSF represents the Achilles heel of HCC,
an innovation that can ultimately lead to defeating this
deadly cancer.
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been unsuccessful so hospitals now have to take a systematic approach to implementing safer processes and
providing the resources for surgeons and other stakeholders to optimize the OR environment. This article
discusses standardized processes of care for mitigation
of injury or outright prevention of wrong site surgery,
RSI and surgical fires in an action-oriented framework
illustrating the strategic elements important in each
event and focusing on the responsibilities for each of
the three major OR agents-anesthesiologists, surgeons
and nurses. A Surgical Patient Safety Checklist is discussed that incorporates the necessary elements to
bring these team members together and influence the
emergence of a safer OR.

Abstract

© 2012 Baishideng. All rights reserved.

The three surgical patient safety events, wrong site
surgery, retained surgical items (RSI) and surgical fires
are rare occurrences and thus their effects on the complex modern operating room (OR) are difficult to study.
The likelihood of occurrence and the magnitude of risk
for each of these surgical safety events are undefined.
Many providers may never have a personal experience
with one of these events and training and education
on these topics are sparse. These circumstances lead
to faulty thinking that a provider won’t ever have an
event or if one does occur the provider will intuitively
know what to do. Surgeons are not preoccupied with
failure and tend to usually consider good outcomes,
which leads them to ignore or diminish the importance
of implementing and following simple safety practices.
These circumstances contribute to the persistent low
level occurrence of these three events and to the difficulty in generating sufficient interest to resource solutions. Individual facilities rarely have the time or talent
to understand these events and develop lasting solutions. More often than not, even the most well meaning internal review results in a new line to a policy and
some rigorous enforcement mandate. This approach
routinely fails and is another reason why these problems are so persistent. Vigilance actions alone have
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INTRODUCTION
Operating rooms (ORs) used to be just complicated
places, but the modern OR has changed. No place epitomizes the complexity of health care delivery better than
the OR where there is the routine interface of heterogeneous, variously trained personnel using high technology
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equipment while providing service to an unconscious,
anesthetized patient. In fact it is most helpful to think of
the modern OR as a complex adaptive system that consists of (1) heterogeneous interdependent decision making agents; (2) who interact frequently with each other;
and (3) develop a characteristic called emergence which
arises when the whole actually begins to perform better
than the sum of its parts[1]. That is through the learning and interdependence of the heterogeneous agents a
larger, higher functioning system is created. Anyone who
has worked in a highly functioning OR over time can
understand how this entity can evolve but also how rare
and difficult it is to achieve.
Today it is expected that the delivery of surgical care
will be (1) knowledge-driven (safe, effective); (2) patientcentered; and (3) system-based (timely, efficient and
equitable)[2]. Hospitals and the surgeons who operate
within them are also learning that if the care is not of
high value, that is high quality surgical outcomes at low
total costs of care, there will be low or no reimbursement for their effort[3]. Thus begins another step in the
journey to stimulate hospitals and surgeons to accelerate
improvement in the quality of surgical care and increase
efforts to prevent errors and treatment complications.
Multiple stakeholders have begun to reengineer or design, adopt and implement new OR practices and refined
communication methods in order to reduce errors and
waste. The specific surgical patient safety events are uncommon but the effort needed for prevention requires
innovative solutions and illustrate the difficulty in changing OR culture (e.g., shared customary beliefs, values and
behaviors).
The three main preventable surgical patient safety
events which occur within the OR are (1) the surgical
wrongs; (2) retained surgical items (RSI); and (3) surgical fires. The incidence of all three combined may affect at most 5000 patients a year (approximately 2000
wrong surgery events, 2000 RSI, 500 surgical fires) in the
United States. National sentinel event disclosure is disparate and depends on state-based and regulatory agency
voluntary reporting. Data on close-calls, which are likely
to be more frequent, remain sketchy. No matter the total number of events, we do know that the number is
greater than zero and therefore these are still not “never
events”.
It has been tempting to use a “person approach” (e.g.,
the forgetfulness, inattention, ignorance, carelessness
of individuals) in the analysis of why these events occur but we know that a “system approach” (e.g., analysis
of the conditions under which individuals work and
how defenses failed) that incorporates human factors
(e.g., the interaction of human abilities, expectations
and limitations) while harder to design and implement
is likely to be more successful[4]. These safety problems
are reflective of the culture of safety in the OR rather
than on patient or case characteristics. The people who
work in the OR make it safe and it is important to know
that there are subtle behaviors that aren’t well quantified
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but are highly valued that arise from the development
of expertise. Expertise is the result of knowledge and
experience. The behaviors are intuitive and have been
recognized as characteristics of “safe people”[5]. These
feelings and intuitions are very important to nurture and
develop but do have a quality of mystery to them but it
is highly desirable for an organization to value expertise
and develop “safe people”. When hospitals address these
safety issues and there is culture change there may be
positive consequences which decrease or prevent other
more common perioperative occurrences such as surgical infections and venous thromboembolic events. ORs
have not yet been characterized as highly reliable organizations (akin to nuclear reactors or aircraft carriers) so
there is much room for improvement.
The current projects developed to help hospitals take
action to prevent wrong site surgery, RSI and surgical
fires focus on specific OR practice and communication problems. Unsafe OR practices are usually highly
variable and efforts to standardize multi-stakeholder
processes of care and develop specific communication
modes are shared core elements in prevention strategies.
Practice change and communication improvements are
often viewed disparagingly as “soft” approaches which
lack rigorous data and experimental validation however
making sense of the rare and unexpected requires different tools and approaches[6]. Increasingly, event reporting
and analysis of close calls have informed failure modes
and collective learning on how to manage unsafe acts
which is just as important as preventing them. To change
OR culture requires change in the practices of the people who are engaged in the work. To change their practices you have to change the relationships with whom
they work and the environment in which they work.
Finally, a surgical patient safety checklist which is a
simple, widely applicable, inexpensive, unifying tool, can
be used by all OR personnel to enforce the individual
safe practices which have programmatically been developed and enhance inter-personnel communication[7].
We describe how one can be used to teach and enforce
safer practices and address serious and avoidable surgical
complications[8].

WRONG SURGERY
The three types of wrong surgery are (1) wrong patient
surgery, where the performance of an operation or
procedure is carried out on a person other than the one
for whom the procedure was intended; (2) wrong procedure surgery, is the performance of a procedure other
than that intended or indicated for a specific patient;
and (3) wrong site surgery where a planned procedure is
performed at the wrong place, part, level, side or site[9].
Wrong site surgery is a type of wrong procedure surgery
and is the most common occurrence of the three[10]. All
three of these events are usually the result of mistakes in
correctly applying identification procedures.
The Joint Commission (TJC) has been at the fore-
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front of the wrong site surgery issue since 1998 when
the first Sentinel Event Alert newsletter on the subject
was printed. Subsequently TJC published a follow-up
alert in 2001, in 2003 the first Wrong-Site Surgery Summit was held and in 2004 the Universal Protocol was
launched. In spite of all of these efforts, it has most recently been estimated that wrong site, wrong procedure
and wrong patient cases still occur more than 40 times a
week in the United States[11].
The essential elements of the Universal Protocol
mandate that OR teams must (1) complete a preoperative verification process; (2) mark the operative site; and
(3) take a “time out” immediately before starting the
procedure. The verification process is to ensure that the
correct patient has been consented and is present for
the operation and all relevant documents and studies are
available before the procedure is performed.
The most important elements are that the three
major primary operative sources: the history and physical, the consent, and the official OR schedule are in
exact agreement. If there are discrepancies the patient
is considered the primary source for rectification. Patient verification and identification practices are usually
performed by nursing and anesthesia personnel with requirements that at least one of these stakeholders must
remain in constant attendance with the patient while being brought into the OR once patient identification has
been performed. The site marking is within the domain
of the surgeon and must be performed before the patient is brought into the OR and should be visible while
the patient is prepped and draped. The mark must be
visible within the operative field and referenced during
the time out. Recent alcohol based prep solutions frequently diminish the site mark and practices must be established to use different inks or have a process in place
whereby the person who performed the prep can refresh
the diminished mark with a sterile surgical marker to
ensure that it will be able to be seen before an incision is
made. The time out is truly a team based activity called
by the surgeon, monitored and orchestrated by the circulating nurse with responses from anesthesia and any
other providers. The time out is usually performed just
before the incision is made and all team members have
to stop all activities. At the time out the three questions
are answered: (1) Who is this patient? (2) What operation is to be performed? and (3) Is this the correct site
mark, using secondary confirmatory evidence present on
an armband or on the operative consent and unanimity
from all stakeholders is required. Many facilities have
checklists and scripted procedures with hard stops (e.g.,
the scalpel isn’t passed until the time out is completed)
to enforce compliance. All questions are supposed to be
asked in a non-intimidating environment where all staff
feel equal in their contribution to safe patient care. These
conditions have been challenging to meet.
While the Universal Protocol as a directive was comprehensive and widely mandated the implementation
and effectiveness of the protocol was variable[12]. Review
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of wrong site surgery cases reveal that multiple errors
occurred along the OR journey and multiple defenses
failed which might have caught the mistakes [5]. Inadequate standardization of practices and poor training
and enforcement of practices provide the latent factors
which exist that sets OR personnel up for failure. More
than just the directive to use the Universal Protocol appears to be needed and hospitals need guidance on how
to effectively make the process work.
To meet this goal, in July 2009 TJC started an eight
hospital demonstration project using a Robust Process
Improvement method that is a fact based, systematic
and data-driven problem solving methodology[13]. Project
teams are developed for observational audits looking to
discover specific risk points and contributing factors that
lead to close calls and wrong site surgery events. The
timeframe begins at the time of scheduling a surgical
procedure and ends with confirmation that the intended
operation was correctly performed.
Preliminary results from TJC project have shown
that in 39% of cases, errors were introduced in the verification step that increased the risk of a wrong site surgery event[11]. Usually these errors involved inadequate
information about the patient and scheduling confusion.
Identifying this failure mode lead to the development of
standardized ways of collecting and having the information accessible. Site marking and time out practices have
been contributory but were not as frequent a source of
errors as the initial verification process[5]. Further refinements to improving this practice will be available at TJC
Targeted Solutions Toolkit which will provide a step-bystep process to measure performance[13].

RETAINED SURGICAL ITEMS
A RSI occurs when surgical material, usually a sponge,
needle, instrument or miscellaneous small item or device
fragment is inadvertently left inside a patient. Retained
surgical item is the preferred term rather than retained
foreign body or object since bullets, shrapnel or ingested
objects can be retained but aren’t the result of surgical
error. An RSI is a surgical patient safety problem and results from problems in unreliable surgical OR practices
and problems with communication between OR stakeholders[14].
Reports of RSI have relied on mandatory state and
voluntary regulatory agency reporting requirements
which vary as does the definition of what is considered
retention. The National Quality Forum’s (NQF) definition is most frequently referenced and in 2011 all NQF
Serious Reportable Events were reviewed which included the issue of surgical retention. The new directive
excludes reporting of unremovable items intentionally
left at the judgment of a surgeon and most importantly
addressed the definition of when an item is considered
retained after surgery. Many states construed “after
surgery” to mean closure of the incision, which meant
even in cases where the sponge or surgical item was
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discovered to be missing while the patient was on the
OR table, and was removed in the OR without delay or
harm, if the wound had been closed these cases were
reported as a RSI. With the new 2011 definition, this
area has been corrected and the operation ends after all
incisions or procedural access routes have been closed in
their entirety, devices have been removed and if relevant,
final surgical counts have concluded and the patient has
been taken from the operating/procedure room[15]. In
2011 an item is considered to be retained only if found
after the patient is out of the OR or procedure room.
This change alone may lead to decreased numbers of
RSI cases.
The most common RSI is the cotton gauze surgical
sponge which has been found in the abdomen/pelvis,
chest and increasingly in the vagina. Retained sponges
occur after any type of surgical procedure and the risk
of retention is unrelated to the number of sponges used
during an operation. Sponges have been retained when
only 10 sponges were used and small biopsy or skin incision made. This finding has lead to policy changes which
should require that surgical sponges must be accounted
for in all cases in which surgical sponges are used and an
incision is made[16]. There should be no determinates for
case exclusion because of size of the incision or length
of the case.
Traditional means of accounting for sponges has
relied on the longstanding practice of counting. Observational audits and focused reviews of cases of retained sponges has shown that the practice of counting
sponges is highly variable between ORs and even within
rooms in the same OR suite. This variation leads to
sources of error and with increased demands of the OR
environment, frequent change of shift between nursing
personnel and multiple diversions the common practice of counting has proven unreliable. Examination of
cases of retained sponges have often revealed that the
sponges were counted during the procedure but no one
knows where the error occurred or how the sponge was
retained. In fact, overall about 80% of retained sponge
cases occur in the setting of a correct count[17]. That is
at the end of the case the counts were called correct.
In about 20% of cases of retention there was a known
incorrect count at the end of the case, something was
missing, yet the patient still got out of the OR without
finding the sponge. The missing item is subsequently
discovered sometime later. This occurs because of
knowledge and communication problems usually at the
interface with radiology, the taking and interpretation
of xrays or with inadequate follow-up at the next level
of care to determine if a sponge has been retained.
Because of these observations about the counting of
sponges a revised manual sponge management practice
was developed by the NoThing Left Behind® Surgical
Patient Safety Project[17]. The practice is called Sponge
ACCOUNTing that uses the adjunct of plastic bluebacked hanging sponge holders and wall mounted dry
erase boards posted in each OR on which to record in a
standardized manner the surgical counts.
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Sponge ACCOUNTing was developed to standardize
and improve the transparency of the practice of sponge
management. The guiding principles have outlined
three important steps to ensure that all sponges used
in the procedure have been accounted for with important unique actions for each OR stakeholder during the
case and a team based “show me” step at the debriefing
or end of the case. The nursing essence is (1) that all
sponges are only used in groups of 10 and each plastic
sponge holder contains 10 pockets; (2) at the natural
pause point which occurs at the time wound closure begins, it is the job of the surgeon to perform a methodical wound exam (MWE), not just a swish or sweep of
the wound, but to do the best job possible to look for
and remove any sponges (or other items not intended
to remain in the patient) and give them to nursing staff;
and (3) the last step is at the end of the case when the
skin is closed and all of the sponges (the used and unused sponges) must be off the field and in the pockets
of the plastic hanging sponge holders. Since there are
10 pockets per holder and sponges are managed only in
multiples of ten there should be one holder for each 10
sponges and there should be no empty holder pockets
at the end of the case. The team based activity is for
the surgeon to say “show me the holders” so they can
see that there are no empty pockets or for the nurse to
say to the surgeon “here let me show you”, there are no
empty pockets. Who shows who doesn’t matter, it’s that
there is a visual confirmation that all sponges have been
accounted for.
There are now three technological adjuncts for spon
ge management (1) a device which counts 2D matrix
labeled sponges; (2) a device which detects radiofrequency tagged sponges; and (3) devices which can count
and detect RadioFrequency IDentification (RFID) chip
embedded sponges. The essential components of each
device are a distinct type of detection element attached
to a surgical sponge and a distinct compatible electronic
readout system.
The computer assisted sponge counting system consists of two-dimensional matrix labeled sponges and a
scanning device that can read the labels[18]. The matrix
label is scanned in with a handheld or table mounted
scanner as the sponges are put on the sterile field and
then each sponge is scanned out when the sponges are
removed from the table. The matrix labels are embedded
onto surgical sponges of various sizes and each sponge
has a unique identifier that enables the scanner to count
different types of sponges. The sponges are counted
maintaining “line of sight” for each sponge. In order to
account for all sponges at the final count, the sponges
must be removed from the patient and individually
passed under the scanner. The scanner has no capacity
to “read-through” the patient and detect the presence
of a matrix labeled sponge. In the event of a missing
sponge an X-ray is used to determine if it is in the patient. This system is in place in many hospitals and most
recently the experience from the Mayo Clinic has been
reported[19]. After 18 mo of use the device accurately
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counted all sponges in all cases throughout the hospital
and there were no cases of retained sponges.
The radiofrequency detection system consists of
sponges that have a small passive radiofrequency tag
sewn into a pocket on each sponge and a handheld
wand or mat which contain the antennae and detection
system[20]. The tag is 4 mm × 12 mm and is recognized
as only a yes or no signal. The tag is detected when the
handheld wand or mat is activated and the computer
console presents a visual and audible signal that a sponge
has been detected. The system does not distinguish between sponge types or number of sponges. The signal
readout will be the same intensity if there are one or five
sponges. In the event of a missing sponge the mat can
be activated to determine if the sponge is in the patient
or the wand can be used to wand the patient or scan the
trash to find the sponge. This system does not count
sponges so at this time is usually used in conjunction
with a manual counting practice such as Sponge ACCOUNTing. Some hospitals have adopted mandatory
wanding protocols to be used for specific types of cases,
others require wanding in lieu of using xray to find a
missing sponge. There is an early trial from the University of North Carolina in the assessment and safety of
this device and after 24 mo they have not had any retained sponges[21].
RFID systems have a unique RFID chip sewn into
each type of sponge and a separate computer console
with a scanning bucket into which used sponges are
placed[22,23]. Each sponge has a specific RFID chip and
thus sponges of different types pooled together can
be distinguished and counted. Unopened packages of
sponges are placed on a front panel of the console to
be electronically counted-in and the sponges are then
opened and placed on the sterile field. Used sponges can
be put directly into the bucket or into plastic-bag lined
kick buckets and the entire plastic bag full of sponges
then placed into the scanning bucket. The sponges
will all be individually counted-out. If there is a missing sponge it can be detected with a wand. All of these
devices are undergoing clinical assessments in different
hospitals around the world.
With the continued improvement in the prevention
of retained sponges, reports of retained miscellaneous
small items and unretrieved device fragments are increasing[17,24]. The preventive strategy for these types of
items are not applicable only to the OR since retained
guidewires, sheaths and catheters are found after interventional vascular, cardiac and radiological procedures
performed in various sites throughout a hospital. In
addition various types of providers now must develop
standardized processes to account for all of the items
and parts of devices at the conclusion of invasive procedures. This is new territory for interventional radiologists
and cardiologists and practices originating in the OR can
be shared with these other clinical groups to help speed
accountability.
In the OR, small miscellaneous items or broken parts
or pieces of tools and material used during an operation
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when found to be missing may require a clinical decision
to leave the item behind because the risk of removal may
cause greater harm than leaving the object behind. If a
small item or un-retrieved device fragment is intentionally left behind, the patient must be informed. Leaving
fragments and small objects in patients can be prevented
because often human factors are involved in why the devices or objects break or fracture. Identifying early when
an item is missing or broken means best practices in the
OR will involve the coordination of actions between the
surgeon and the surgical technologists who must become
the content experts on the equipment. If something is
missing or broken the scrub person has to recognize the
defect and speak up so actions to find the missing part
can be undertaken. Retained whole instruments are exceedingly rare and previous reports that indicated instruments as the second most common item most certainly
included small devices and fragments in this category
rather than the separate class in which they are now considered. Inside or out of the OR, standardized practices
have to be established that are transparent, widely applicable and simple to perform so multiple providers at the
completion of every case, delivery or invasive procedure
can be sure there is “NoThing Left Behind”.

SURGICAL FIRES
OR fires occur near or around a patient but a surgical
fire is a fire that occurs in or on a patient and includes
airway fires[25]. Surgical fires are the rarest of the three
surgical patient safety events with an estimate from a
2009 study suggesting that between 500-600 fires a year
occurred in the United States[26]. This national estimate
was based on data from the Pennsylvania safety event reporting system which is the best available evidence. Surgical fires are dangerous, lethal and preventable but are
so infrequent that most surgeons are painfully unaware
of what preventive measures need to be taken.
A surgical fire requires the classic constellation of
three components, “the fire triad”: (1) an oxidizer; (2)
an ignition source; and (3) fuel. The breadth of elements and circumstances that exist in each of these
components are underappreciated and make it difficult
to easily standardize or develop simple practices[27,28].
For example, possible fuels sources can include almost
anything on the patient or in a surgical field: tracheal
tubes, sponges, drapes, gauze, alcohol or other volatile
compound containing solutions, oxygen masks, nasal
cannulae, hair, fat, dressings, gowns, gastrointestinal
tract gases, suction catheters, cable coverings, gloves and
packaging materials. The ignition sources can be from
almost any energy generating device and all differentially
function or have the potential to cause injury based
upon the oxidizer enriched atmosphere.
In 2007 the American Society of Anesthesiologists
published a practice advisory for the prevention and
management of OR fires which provides a complex
algorithm that outlines a risk assessment approach and
action plans for surgical providers[25]. In 2009, further
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recommendations were promulgated for oxidizer management and communication guidelines to follow for
prevention[26]. These efforts are thorough but the end results are still highly complex and detailed and because of
the rarity of surgical fires it remains difficult to engage
providers. Otolaryngology surgeons are the most familiar with surgical fire prevention measures because they
frequently operate with ignition sources near the airway,
within a highly oxidized atmosphere however all types
of surgeons need to learn and adopt safer surgical fire
preventive strategies because all types of cases actually
provide risky conditions. To this end a provider oriented
accountability approach for surgical fire management has
been developed which assigns responsibility for action
to specific stakeholders. This protocol teaches providers to know their role in preventing fires and respond
quickly should a fire occur[29,30]. The roles for prevention
are based on the domains of control for each of the elements in the fire triad. Anesthesiologists have the control
and direct ability to act on the management of oxidizers
which includes oxygen and nitrous oxide. Nurses have
control and direct ability to monitor the fuel sources and
provide immediate remedy to extinguish flames with
saline. The Surgeon has control over the ignition source
and is responsible for assessing the environment before
starting or using electrocautery.
Surgical fire prevention requires constant situational
awareness because of the changing nature throughout
an operation of the availability of different fuels, oxidizer status and ignition sources. Information exchange
between the anesthesiologist, nurse and surgeon are key.
If a fire breaks out rapid responses from all three stakeholders are important and some suggest fire drills should
be conducted for high risk cases so team members are
adequately primed to respond appropriately. If there is
the risk of an airway fire the anesthesiologist must keep
the surgeon aware of oxidizer concentrations and atmospheric conditions and be ready to stop all airway gases
and remove the tracheal tube. The surgeon must have
thoughtful control and use of cutting devices while nursing personnel in the scrub position must be ready with
saline and wet sponges. All of these coordinated actions
will have to take place in seconds in order to save the
patient from extensive injury. To this end, surgical fire
case-specific risk assessment strategies are useful activities and allow all providers to be primed at the time and
ready to go rather than relying on memory or remote
training. Surgical fire risk assessment can be incorporated
into part of the operative briefing and safety checklist so
each case can be assessed and necessary steps taken before the case starts to make sure all team members know
what to do and are on the same page[8].

team members prepared to address events as they occur.
The nature of preparedness involves having knowledge
and the appropriate skills and tools available. Simulation
training and drills are ways in which many industries
maintain preparedness. The use of checklists as an adjunct to the pre-existing skill set of team members who
come together has also been important to make sure all
necessary tools and practices are performed correctly.
In 2009 a surgery safety checklist was first introduced
which was beyond what was traditionally used by nursing
services to make sure the patient was prepared for surgery. This 19 item checklist was divided into three parts:
(1) sign in activities; (2) time-out activities; and (3) signout activities which covered the recommended practices
the World Health Organization (WHO) had developed
to ensure the intraoperative safety of surgical patients
worldwide[7]. The elements were simple and were intended to enhance inter-professional communication and
prevent surgical events that may result from poor teamwork and inadequate surgical operative preparation. This
checklist was adopted and disseminated by the Institute
for Healthcare Improvement and has been in place in
more than 3900 hospitals around the world[31]. Each facility is encouraged to develop a surgical safety checklist
that will conform to their site-specific conditions but at
the minimum the original 19 points are strongly encouraged to remain. Many surgical subspecialties e.g., ophthalmology have customized the original WHO safety
checklist to their needs and recent work has been started
on the development of crisis checklists for the operating
room which aim to guide providers to perform the correct actions in intraoperative crises[32]. Implementation
of some form of a surgical safety checklist has been
widespread and the benefits of checklist use continue to
be evaluated.
There is no one surgical safety checklist that is “the
best” but there are many which provide the necessary
information for all stakeholders to come together and
make sure the correct patient is being operated on, the
correct operation is known and the operating team is
properly prepared to perform that operation safely. A
surgical patient safety checklist should help surgical
providers address the preventative solutions to prevent
the wrongs, RSI and surgical fires at a minimum[33]. An
example of a surgical patient safety checklist that covers
this territory is included in the reference section[34]. The
checklist is used three times during a patient’s operation
(1) as an aid during a pre-operative briefing that is conducted when the patient is first brought to the OR; (2)
during the time-out; and (3) as a reporting tool during
the de-briefing that is held at the end of the case to discuss what problems occurred and also what went well.
During the pre-operative briefing patient elements
are reviewed, such as procedure verification and imaging,
antibiotic administration, venous thromboembolism prophylaxis management, beta-blocker use, allergy history
and blood availability but more importantly the surgical
team puts together a surgical fire risk assessment score.

SURGICAL PATIENT SAFETY OR CHECKLIST
Common to the prevention of surgical patient safety
events and mitigation of harm is the need to have all
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If the fire risk is considered high, based on a simple 3
point scoring system, then each of the three stakeholders in fire prevention go over what they are supposed to
do as outlined on the back of the checklist. In this way
the circulating nurse and surgical technologist, the surgeon and the anesthesiologist discuss what maneuvers
and actions will be taken during that specific high risk
case. During the time-out the three essential questions
are answered using the checklist as a memory jogger and
confirming primary source information in the computer
or on the patient’s armband. These actions prevent the
occurrence of a wrong site surgery. At the de-briefing,
all surgical items are accounted for, pathology specimens
are reviewed to determine that they are correct and labeled correctly and any equipment or instrument problems are noted with specific referral units noted who are
to take action for remediation thus preventing RSI.

circulating nurse who track and account for all the surgical material which is used. The use of a reliable sponge
management practice in concert with a MWE is essential to prevent retained surgical sponges. The nurse also
provides the interface with other stakeholders such as
radiology should intra-operative x-rays be needed. For
prevention of surgical fires it is the anesthesiologist who
monitors oxygen status and has the situational awareness
to alert and direct actions of the other stakeholders in
the event of a fire. This is not to say that the other stakeholders don’t have roles and responsibilities but when
providers of care come together to perform a surgical
case there is a team leader. The role of team leader is actually not fixed and immutable. It will have to change as
the circumstances of the operation change and the team
leader interestingly enough should be the person who is
the content expert of that situation as it arises.
It is not possible for everyone to know everything
about all things. It is possible for the content experts of
each of their domains to be present, willing and able to
share their knowledge and communicate effectively with
other personnel. Rather than thinking one person has
to know it all and do everything, thinking in threes can
help all providers put a vast amount of information into
some useable context where it will be up to the three
major stakeholders to work together consistently in every case to prevent the three major surgical patient safety
events.

CONCLUSION
The three surgical patient safety events, wrong site surgery, RSI and surgical fires can be prevented and even if
prevention strategies fail mitigation of patient harm can
be accomplished with application of consistent safety
practices and effective communication. Effective communication includes the use of a comprehensive surgical
patient safety checklist which brings all surgical providers together for at least a few moments to have a shared
mental model for the patient’s surgical care. The three
major stakeholders working together in our complex OR
environment are nurses, surgeons and anesthesiologists
who face ever increasing work demands and knowledge
requirements. It is not humanly possible to master all the
knowledge domains for all safe practices for these three
events, let alone all the other things that are necessary
for the performance of an uncomplicated procedure.
However, thought modules, checklists and assignment
of areas of expertise and responsibility can be helpful
in getting humans to work effectively and efficiently
together. Of the three surgical patient safety events, it
is not a stretch to see that there are knowledge domains
which can drive improved performance and the three
domains of expertise are possessed by each of the three
major stakeholders. The content experts for wrong site
surgery are surgeons, for RSI it is nurses and for surgical
fires it is anesthesiologists.
Prevention of wrong site surgery is highly dependent
on preoperative practices of patient identification and
patient preparation in which the surgeon’s knowledge
and preparation of the primary documents and materials falls within their care domain. It is the surgeon who
has determined what operation is to be performed, has
marked the operative site and has seen the patient at
some time prior to their arrival in the OR. During the
surgeon activated time-out confirmatory actions are
conducted in concert with the use of a checklist to become the primary means of wrong site surgery preventive actions. The prevention of RSI strongly depends
on actions under the control of the scrub person and
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Modern treatment of gastric gastrointestinal stromal tumors
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include location, size (i.e., > 5 cm), grade (> 5-10 mitoses per 50 high power fields and specific mutational
events that are still being defined. Adjuvant therapy
with tyrosine kinase inhibitors, such as imatinib mesylate, has been shown to reduce the risk of recurrence
after one year of therapy. Treatment of locally-advanced or borderline resectable gastric GIST with neoadjuvant imatinib has been shown to induce regression
in a minority of patients and stabilization in the majority of cases. This treatment strategy potentially reduces the need for more extensive surgical resections
and increases the number of patients eligible for curative therapy. The modern surgical treatment of gastric
GIST combines the novel use of targeted therapy and
aggressive minimally invasive surgical procedures to
provide effective treatment for this lethal, but rare gastrointestinal malignancy.
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Abstract

© 2012 Baishideng. All rights reserved.

Gastrointestinal stromal tumors (GIST) are rare mesenchymal smooth muscle sarcomas that can arise
anywhere within the gastrointestinal tract. Sporadic
mutations within the tyrosine kinase receptors of the
interstitial cells of Cajal have been identified as the key
molecular step in GIST carcinogenesis. Although many
patients are asymptomatic, the most common associated symptoms include: abdominal pain, dyspepsia,
gastric outlet obstruction, and anorexia. Rarely, GIST
can perforate causing life-threatening hemoperitoneum. Most are ultimately diagnosed on cross-sectional
imaging studies (i.e., computed tomography and/or
magnetic resonance imaging in combination with upper endoscopy. Endoscopic ultrasonographic localization of these tumors within the smooth muscle layer
and acquisition of neoplastic spindle cells harboring
mutations in the c-KIT gene is pathognomonic. Curative treatment requires a complete gross resection of
the tumor. Both open and minimally invasive operations have been shown to reduce recurrence rates and
improve long-term survival. While there is considerable
debate over whether GIST can be benign neoplasms,
we believe that all GIST have malignant potential, but
vary in their propensity to recur after resection and
metastasize to distant organ sites. Prognostic factors
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INTRODUCTION
Gastrointestinal stromal tumors (GIST) are rare mesenchymal tumors that occur throughout the smooth muscle layer of the gastrointestinal (GI) tract[1]. GIST represent less than 1% of all GI tract malignancies. The most
common location of these tumors is the stomach (70%),
small bowel (20%-30%), small intestine and colon/rec-
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tum (10%). Uncommonly, they can arise within the
greater omentum, esophagus, appendix, and gallbladder.
Most cases are sporadic, and affect men slightly more
frequently than women (54% vs 46%)[2]. The annual incidence in the United States has remained stable at 3000
to 4000 cases per year. The world-wide age-adjusted annual incidence rates range from 6.8 to 14.5 cases per million and vary between countries of origin. The median
age at diagnosis is 58 years of age, but GIST have been
reported in newborns and adolescents[3]. GIST can range
in size from several millimeters to over 30 cm in diameter. Tumor diameter appears to significantly influence
biologic behavior, as small GIST may remain indolent
for many years and large, “massive” GIST have higher
rates of recurrence and associated metastases[2].
Historically, smooth muscle sarcomas were classified
as leiomyosarcomas[4]. The development of malignant
GIST requires the transformation of the interstitial cells
of Cajal, pacemakers of the GI tract, to a malignant phenotype through activating or gain of function mutations
in the c-KIT proto-oncogene[5]. GIST are spindle cell
neoplasms that usually retain the ultrastructural characteristics of smooth muscle cells, but have immunohistochemical staining for c-KIT, CD-34, smooth muscle actin,
desmin and S-100[6]. Approximately 70% of GIST are
spindle cell type neoplasms; the minority are epithelioid
(20%) or mixed cell type (10%)[7]. Hirota et al[5] first described the novel mutation in the KIT tyrosine kinase receptor gene in 1998. Since this landmark discovery, most
“leiomyosarcomas” have been reclassified as GIST. KIT
is located on chromosome 4q11-q12 and functions as a
transmembrane receptor for its ligand, stem cell factor.
In the non-cancerous state, this ligand binds to the extracellular portion of the receptor to induce homodimerization and downstream activation of its cell-signaling
pathways[8]. Wild-type c-KIT normally regulates cellular
differentiation, growth, and survival. Approximately
80%-90% of GIST harbor mutations in the KIT genome. Mutations in the platelet-derived growth factor receptor (PDGFRα) occur in 5%-10% of c-KIT-wild type
GIST. DOG1 mutations may help identify GIST with
wild type c-KIT and PDGFR[9]. Mutated KIT receptors
induce ligand-independent, unregulated activation of the
downstream cell signaling pathways which collectively
results in a loss of normal cell adhesion, differentiation,
and proliferation to promote tumorigenesis. Exon 11
mutations in the KIT gene cause constitutively activated
receptors leading to unregulated autophosphorylation of
the intracytoplasmic tyrosine kinases[10]. KIT mutations
in exons 9, 13, 17 are less common and have been associated with more aggressive tumor behavior.
Biologically, gastric GIST tumors grow locally within
the stomach (intra- or extraluminal expansion) and eventually obtain the capability to metastasize via hematogenous routes to the solid viscera (liver, small bowel, lungs)
and peritoneal cavity. Tumors can also spread along the
smooth muscle planes within the stomach or can rupture
into the peritoneal cavity causing sarcomatosis. Complete surgical resection is thought to be the only curative
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treatment for GIST. The recent use of cytostatic agents,
such as imatinib mesylate, in patients with metastatic
disease has been associated with durable recurrencefree survival [11]. This important observation suggests
that overall survival may not be the most important
endpoint to consider when making treatment decisions.
Radical gastrectomy is seldom required for extirpation
of these tumors[3]. In contradistinction to gastric adenocarcinoma, where it is essential to obtain at least fivecentimeter proximal and distal margins, GIST tumors
can be effectively treated by a complete gross resection
of the tumor [1]. Given the infrequency of lymphatic
metastases, regional lymphadenectomy is not indicated.
Minimally-invasive operations are now frequently used
to treat gastric GIST. Retrospective series suggest that
these techniques may reduce perioperative stress and are
associated with lower rates of postoperative complications, shorter hospital stays and equivalent recurrence
rates (Table 1)[12-16].

EPIDEMIOLOGY AND DIAGNOSIS
Miettinen et al[3] published the largest retrospective series of gastric GIST that reviews 1869 cases seen at the
Armed Forces Institute of Pathology from 1970-1996.
The vast majority of cases occurred in patients over 40
years of age and the median tumor diameter was 6 cm
(range: 0.5-4.4 cm). Most gastric GIST had spindle-cell
or epithelioid differentiation.Over 90% of these neoplasms had mutations in the c-KIT gene; PDGFR mutations were more frequently identified in epitheliod tumors. The metastatic potential of these tumors strongly
correlated with their size and rate of mitotic activity.
Unfavorable prognostic factors included proximal tumors (gastric cardia and gastroesophageal junction), the
presence of coagulative necrosis, ulceration, and invasion deep to the mucosal layer.
Most GIST are incidentally diagnosed during evaluations for nonspecific GI symptoms, such as pain, nausea
and vomiting, and weight loss [2]. Tumor hemorrhage
commonly occurs when large tumors develop an ischemic, punctate ulcer (Figure 1A). Usually, the bleeding
can be temporized using endoscopic sclerotherapy or
electrosurgical coagulation techniques. Seldom is it necessary to take patients urgently for surgical resection
with intractable hemorrhage (Figure 1B and C). Often
these patients can be stabilized with medical and endoscopic therapy and have elective operations to extirpate
these tumors. Intraperitoneal tumor rupture with hemoperitoneum and tumor dissemination is a difficult clinical problem that is associated with a significant risk of
intraperitoneal sarcomatosis.
Computed tomography (CT) scanning is the most
widely used and effective staging modality[2]. Multiplerow detector can localize the tumor within the stomach
and remains a very sensitive technique to detect distant
metastasis (at least ≥ 1 mm in diameter) within the liver
or lungs; small volume intraperitoneal disease is often
only detected on diagnostic laparoscopy and is respon-
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A

B1

C1

B2

C2

Figure 1 Clinical images of complicated gastrointestinal stromal tumors. A: Large intraluminal gastric gastrointestinal stromal tumors (GIST) with punctate central
ulceration. The bleeding ulcer was treated endoscopically with sclerotherapy and electrocautery (cauterized tissue; white oval). The patient had an interval resection
electively without additional hemorrhage from the tumor; B: Acute presentation of a patient with a ruptured gastric GIST with hemoperitoneum. These images represent
contrast-enhanced computed tomography (CT) scan from a patient with a large extraluminal gastric GIST along the greater curvature of the stomach. B1 demonstrates
axial CT images of the bi-lobed tumor with irregular borders (arrows); B2 shows additional axial images at the caudal extent of gastric tumor with layering of blood in
the splenic recess (oval). He was diagnosed with hemoperitoneum and was resuscitated with packed red blood cells, fresh frozen plasma, and platelets; the patient
was on antiplatelet therapy at the time of admission. He stabilized and had an upper endoscopy/ultrasonography for tissue diagnosis and to plan definitive treatment;
C: Ruptured gastric GIST following conservative management. Contrast-enhanced CT images following a six-week period of conservative management of the patient
with ruptured gastric GIST. C1 demonstrates the more organized bi-lobed tumor with distinct borders (arrows); C2 shows coronal images of the organized hemorrhagic
component within the splenic recess after a period of observation (oval). Ultimately this patient had an interval open subtotal gastrectomy for a high-grade GIST.

A

B

Figure 2 Endoscopy ultrasound images with fine needle aspiration biopsy. A: A 3 cm × 3 cm submucosal intraluminal mass within the gastric cardia; B: This
Endoscopy ultrasound image shows the fine needle aspiration biopsy needle (horizontal white line in upper right corner of image) puncturing the submucosal gastric
gastrointestinal stromal tumors.

sible for the reported 10%-15% of false negative rate
with dynamic CT. Magnetic resonance imaging (MRI) is
an acceptable alternative to CT for patients with renal
dysfunction or in whom the risk of cumulative ionizing
radiation may be prohibitive. Positron emission tomography (PET) remains an experimental test that may be
useful in confirming distant metastatic disease and de-
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termining the response to neoadjuvant targeted therapy.
PET scans usually indicate tumor responsiveness to imatinib mesylate within days to weeks of induction therapy.
Upper endoscopy (EGD) with ultrasonography (EUS)
is an essential diagnostic modality to acquire tissue for
diagnosis, usually by fine needle aspiration (FNA) or
core-needle biopsy (Figure 2). In addition, EUS is accu-

6722

December 14, 2012|Volume 18|Issue 46|

Roggin KK et al . Modern treatment of gastric GIST
Table 1 Summary of large-series (> 35 cases) of minimally-invasive resections for gastric gastrointestinal stromal tumor
Ref.

Location

MIS/
GIST

Proximal
tumors

Size
(cm)

Operative
time
(min)

n (%)
[16]

1

Sasaki et al
Japan
45 /37
6 (13)
Sexton et al[14]
Germany 112/61
7 (11)
Wilhelm et al[15] Germany 93/633 36 (39)
Otani et al[13]
Japan
60
36 (60)
Novitsky et al[12]
NC
50
17 (34)
Total (for GIST)
271
102 (38)

3.2 (1.6-7.4)
100 (30-240)
3.8 (± 1.8)
151.9 (± 67.3)
2.6 (0.3-6.5)
90.7
3.6 (1.8-15.0) 141/1884
4.4 (± 2.0)
135 (± 56)

Compli Conversion
cations to open
surgery
n (%)
n (%)
1 (2)
10 (16.4)
7 (7.5)
NR
4 (8)

1 (2)
1 (2)
6 (6.5)
0
0
8 (3)

Intermediate/ Recurrence Median
R0
F/U
rate
high risk
resection
(mo)
GIST
rate
(range)
n (%)
n (%)

LOS
(d)

NR
3.9 (± 2.2)
7.3
7.2
3.8 (± 1.6)

100
98
100
1002
100

9 (24)
15 (25)
8 (13)
17 (28)
14 (28)
63 (23)

0
3 (5)
0
2 (3)
4 (8)
9 (3)

74 (1-81)
15 (0-103)
40 (2-99)
53
36 (4-84)

Forty-five laparoscopic operations and 37 confirmed gastrointestinal stromal tumors (GIST); 2no positive margins, but one patient had a laparoscopic
resection in the setting of distant metastatic disease; 3ninty-three consecutive patients, including 62 GIST; there was 1 laparascopic-assisted endoscopic
resection, 55 laparoscopic wedge resections, and 34 transgastric resections; 4the mean operative time was 141 for laparoscopic operations and 188 min for
laparoscopy-assisted operations. NC: North Carolina; n: Number of patients in each series; MIS: Minimally invasive operations; Proximal tumors: GIST at
gastroesophageal junction or within gastric cardia; Size: Median pathologic tumor size; Complications: Surgical morbidity; LOS: Length of hospital stay;
NR: Not reported; R0 resection: Gross and microscopically-negative margins; F/U: Follow-up.
1

A

B

Figure 3 Gastroesophageal junction gastrointestinal stromal tumors. A: An axial computed tomography image of a gastric gastrointestinal stromal tumor (white
oval) located along the posterior wall of the gastroesophageal junction (GEJ); B: Coronal images of the tumor (white arrow) show its proximity to the GEJ.

rate in determining the depth of penetration and origin
of these neoplasms and also allows one to potentially
consider a hybrid endoscopy/laparoscopic resection[17].
The published National Comprehensive Cancer Network (NCCN) guidelines outline the recommended principles of tissue sampling for GIST (http://www.nccn.
org). Since most GIST are soft, fragile, well-encapsulated
tumors, indiscriminate biopsies increase the risk of tumoral hemorrhage and rupture. This is associated with
higher rates of tumor recurrence and/or intraperitoneal
dissemination. The decision to perform a preoperative
or pretreatment biopsy should be individualized and only
performed when the results of the sampling would definitively influence the choice of treatment[18]. Biopsy is
mandatory for all locally-advanced gastric GIST that will
be treated with pre-resection neoadjuvant targeted therapy. Careful review of the acquired tissue by experienced
GI histopathologists and use of comprehensive immunohistochemical staining for c-KIT and other markers
is essential to confirm the diagnosis. Given the accuracy
and real time localization of these tumors, EUS-guided
biopsy is generally preferable to CT- or ultrasound-guided FNA biopsy techniques[2,19].
EGD/EUS can identify the key anatomic relation-
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ships of the tumor to the gastric wall layers. GIST at
the gastroesophageal junction (Figure 3), pylorus and
along the posterior wall of the stomach represent unique
surgical challenges and influence the required operation.
EGD can also effectively be used to treat tumor hemorrhage and avoid the need for urgent gastric operations.
EUS can determine the depth of penetration through
the layers of the gastric wall and potentially identify tumors that can be extirpated using endoscopic resection
techniques. Only intragastric GIST that arise from the
superficial circular muscular layer or muscularis mucosa
can be removed with endoscopic enucleation[20]. These
procedures are technically demanding and require considerable experience and skill. Some of these cases take
place in the endoscopy suites, but are often coordinated
with surgical specialists to assist with the management
of hemorrhage or gastric perforation. Often these resections are best performed in surgical operating rooms using laparoscopic-assisted techniques with an experienced
surgeon present for the operation.

SURGICAL TREATMENT
Surgical treatment of gastric GIST is the only known cu-
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A

Multiple single institutions highlight the increased
use of laparoscopic or minimally-invasive operations
for gastric GIST[12-16]. Resection techniques include: (1)
laparoscopic transgastric resections; (2) laparoscopic
full-thickness or “wedge” resections; (3) laparoscopic extramucosal enucleation; and (4) combined laparoscopic,
endoscopic resections [26]. The five largest published
reports of laparoscopy resections for gastric GIST are
summarized in Table 1[12-16]. Most of these retrospective
series include non-GIST, benign submucosal tumors
(leiomyomas). Although a formal meta-analysis was not
performed given the small number of patients, general
trends are evident. It appears that minimally-invasive
operations for gastric GIST have been successfully used
to treat patients with large tumors in difficult locations
(i.e., proximal stomach and gastroesophageal junction).
The data also suggest reasonable operative times, acceptable complication rates, and few conversions to open
operations. Since none of the series had strict criteria
for postoperative discharge to home, the reported postoperative length of stay is difficult to interpret, but was
shorter than historic controls for open operations. Importantly, despite nearly one-third of the patients having intermediate to high-risk lesions, nearly 100% were
completely removed and did not recur after 1-4 years of
follow-up[12-16]. We urge caution in broadly extrapolating these results to all patients with gastric GIST; most
series had relatively short follow-up, involved a considerable selection bias, and most operations were performed
by surgeons with considerable experience with these
techniques[27]. Our institutional experience with laparoscopic resection of GIST suggest that these techniques
are both feasible and effective treatment for tumors less
than eight centimeters in diameter. We advocate using a
multidisciplinary approach with combined surgical oncology and minimally-invasive specialists to estimate the
biologic behavior and determine the optimal method of
resection. Cutting-edge modifications include the use of
robot-assisted laparoscopic resections[28], natural orifice
surgery[29], gasless laparoscopic resections[30], single-port
techniques[31,32], and novel methods of removing posteriorly based tumors[26]. One report described an experimental transgastric technique that utilized the retractable,
metal-rimmed EndoCatch bags to elevate posterior wall
GIST to facilitate laparoscopic stapled transection of the
tumor pedicle[33].

B

Figure 4 Locally-advanced gastric gastrointestinal stromal tumors. A:
Representative contrast-enhanced computed tomography images show a large,
proximal gastric gastrointestinal stromal tumors that invades into the splenic
hilum (oval); B: On the coronal images the arrow indicates a heterogeneous
mass invading into the spleen with areas of viable tumor and necrotic areas
represented by calcifications.

rative therapy[1]. It is essential to completely remove the
entire tumor without violating the capsule of the mass.
Tumor spillage or hemorrhage is associated with high
locoregional recurrence rates and/or development of
peritoneal sarcomatosis[18]. Given the rarity of lymphatic
dissemination, regional lymphadenectomy is not routinely performed. Since these tumors originate from the
muscular layer of the gastric wall, enucleation is an option, but may be associated with higher recurrence rates
unless the intramuscular pedicle can be clearly identified.
Standard operations include both “open” and minimally
invasive operations. Wedge or a “full-thickness” partial gastrectomy is an effective strategy for tumors that
are located along the lesser or greater curvature of the
stomach[21]. Posteriorly-based gastric GIST often require
transgastric resections through an anterior longitudinal
gastrotomy; the tumor is everted and its pedicle divided
with a linear stapling device[22]. Anatomic gastrectomy
(i.e., subtotal or total gastrectomy) is reserved for large
tumors that involve a significant portion of the stomach.
Endoscopic-assisted, laparoscopic gastric resections are
cutting-edge operations that combine precise intraoperative localization of these tumors with gastric-volume
preservation techniques.
NCCN guidelines suggest that small (< 1 cm) gastric
GIST without high-risk endoscopic ultrasonographic
features (i.e., irregular borders, cystic spaces, ulceration,
echogenic foci and heterogeneity) may be followed
with close endoscopic surveillance at 6-12 mo intervals
(http://www.nccn.org). In the absence of biopsy-proven
metastatic disease, patients with an acceptable performance status and GIST confined to the stomach should
undergo complete surgical resection. In patients with
marginally resectable tumors or in cases that GIST are
potentially resectable, but the need for concomitant en
bloc organ resection or total gastrectomy is likely, consideration should be given to neoadjuvant treatment with
imatinib mesylate to cytoreduce or “downstage” tumors
so that a less morbid or less extensive operation can be
considered in the future (Figure 4)[23-25].
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OUTCOMES AFTER SURGICAL
RESECTION OF GASTRIC GIST
Since GISTs are rare neoplasms that demonstrate a spe
ctrum of biologic behavior, outcomes following surgical resection are difficult to ascertain. Recurrence free
survival appears dependent on tumor size, location, and
mitotic rate[6,34]. Prior to the use of imatinib mesylate as
an adjuvant treatment following complete resection of
gastric GIST, several large, retrospective reports suggest
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local recurrence rates as high as 40% and five-year survival rates as ranging between 40%-90%[1,35-38]. Dematteo
et al[1] published a series of 200 patients with GIST in
2000; more than half of these patients had gastric GIST.
In the 93 patients with primary GIST, 80 (86%) had a
complete resection with a median disease-specific survival of 54%. Fujimoto et al[36] reported a series of 140
patients that had curative operations for gastric GIST.
The five- and ten-year overall survival rates for the 129
patients with “curative” operations were 93% and 88%,
respectively. Independent predictors of poor prognosis
included male patients [hazard ratio (HR) = 0.469, P =
0.013], tumor size greater than or equal to 10 cm (HR =
20.98, P = 0.001), a mitotic index of 10+ (HR = 45.95,
P < 0001), and epithelioid cell histologic component (HR
= 5.32, P = 0.014). Models to estimate the risk of recurrence have been created from large, retrospective data
set of patients with verified GIST[6,34]. Size (> 10 cm)
and mitotic rates greater than five per 50 high-powered
fields are the most significant variables that predict malignant behavior.
Conventional chemo- and radiation therapy are historically ineffective adjuvant treatments for GIST and do
not significantly improve survival in patients with recurrent, metastatic or unresectable primary tumors[18]. The
evolution of targeted therapy has dramatically altered
outcomes for patients with advanced GIST. Imatinib
mesylate is an orally bioavailable, selective molecular
inhibitor of cellular tyrosine kinases. First used to treat
Philadelphia chromosome-positive chronic myelogenous
leukemia, imatinib inhibits tyrosine receptor kinases such
as PDGFR and KIT[39]. The Federal Drug Administration (FDA) approved imatinib mesylate for use in patients with metastatic GIST in 2002. The American College of Surgeons Oncology Group (ACOSOG) phase Ⅱ
non-randomized Z9000 trial examined the use of adjuvant imatinib for one-year following complete resection
of high-risk GIST (> 10 cm tumors or ruptured GIST).
Imatinib-use was associated with decreased recurrence
rates (vs historic controls) [40]. The ACOSOG Z9001
was a randomized, double-blind, placebo-controlled,
multicenter trial that conclusively showed a statistically
significant reduction in the risk of recurrence with oneyear of adjuvant imatinib mesylate therapy (400 mg daily
dose; HR = 0.35, range: 0.22-0.53, P < 0.0001)[41]. Seven
hundred and thirteen patients with completely resected
c-KIT positive GIST (greater than 3 cm) were randomized in an intention to treat analysis. At a median followup of 19.7 mo, the study was halted when it became evident that only 30 (8%) of patients in the imatinib group
and 70 (20%) in the placebo arm had recurrent disease
identified. Further maturation of this data is necessary
to determine whether the adjuvant treatment improves
overall survival in treated patients.
The FDA approved imatinib mesylate in 2008 as
adjuvant therapy following complete resection of GIST
for all patients without restrictions on time (to initiate therapy) or histopathologic criteria. The European
Medicines Agency approved adjuvant imatinib in 2009
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for adult patients with resected c-KIT-positive GIST at
significant risk of relapse of disease. At least one year of
postoperative imatinib mesylate therapy (400 mg daily) is
now considered the standard of care for tumors greater
than 3 cm with high-risk features (> 5-10 mitoses/50
high power field) per the results of ACOSOG Z9001[2].
Several postoperative models of risk assessment have
been used to estimate the likelihood of recurrence for
patients who do not meet the aforementioned criteria[6,34]. The optimal duration of imatinib and long-term
survival benefit remains the subject of several ongoing
randomized, controlled international cooperative group
trials and industry-sponsored studies. Current protocols
include the recently completed EORTC 62024 trial that
randomized 900 patients with completed resected intermediate- and high-risk GIST to receive either two years
of adjuvant imatinib mesylate vs observation. The primary endpoint of the EORTC trial was overall survival,
so the final results will require approximately ten years
for complete analysis. The Scandinavian Sarcoma Group
phase Ⅱ trial, (SSGXVII; one vs three years of adjuvant
imatinib mesylate) and the non-randomized Novartis
Pharmaceutical Trial (NCT00867113; five years of adjuvant imatinib) were both designed to test extended
use of adjuvant imatinib mesylate following complete
resection. Patients at a higher risk of recurrence may
justify indefinite use of adjuvant therapy. Three recent
cooperative group trials using imatinib in patients with
locally-advanced, unresectable or metastatic GIST have
suggested that the KIT mutation genotype may have
prognostic value to estimate the duration of response
and optimal dose of imatinib mesylate[10,42,43]. Patients in
these trials with exon 11-mutations had better treatment
outcomes (improved tumor response, progression-free
survival, and overall survival) when compared to patients
with KIT exon 9-mutants and wild-type patients. At the
American Society of Clinical Oncology annual meeting
in 2010, it was reported that only deletions (all types) in
the KIT exon 11 gene was associated with an increased
risk of recurrence[44]. Heinrich et al[43] also reported that
GIST with KIT exon 9-mutations had higher tumor response rates to neoadjuvant imatinib mesylate with daily
doses of 800 mg (vs 400 mg).

POST-OPERATIVE SURVEILLANCE
NCCN guidelines suggest that following complete resection of gastric GIST; patients should be followed with
comprehensive history and physical examinations every
3-6 mo for 5 years, then annually (http://www.nccn.org).
Abdominal/pelvic contrast enhanced CT scans were recommended every 3-6 mo for at least three to five years
postoperatively. Given the risk of renal insufficiency
with iodinated contrast and the cumulative ionizing
radiation exposure with frequent CT scans, we believe
that less intensive surveillance programs should be advocated. MRI remains an acceptable alternative for suitable
patients and avoids the deleterious radiation exposure
that is associated with serial CT scans. It is reasonable to
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A

B

Table 2 Summary of retrospective single-institutional experience with surgical resection of metastatic gastrointestinal
stromal tumor after treatment with imatinib mesylate n (%)
Ref.

A: 300.1 mm

24
49
38
69
24
22
46
272

R0/R1 resections
15 (62)
39 (80)
31 (82)
57 (83)
22 (92)
15 (68)
22 (48)
201 (74)

R0/R1 resections: Complete gross removal of the gastrointestinal stromal
tumor with/without negative microscopic margins.

Figure 5 Neoadjuvant treatment of a locally-advanced gastrointestinal
stromal tumors with imatinib mesylate. A: This woman presented with abdominal pain and fullness. A computed tomography (CT) scan identified a massive (> 30 cm), homogeneous tumor in the gastric fundus that was exophytic
and extending caudally towards the pelvic inlet; B: After tissue diagnosis confirmed a gastric gastrointestinal stromal tumor (GIST), the patient was treated
with six months of low-dose imatinib mesylate (400 mg/d) until a maximal response was achieved. The coronal views of this interval CT scan demonstrated
a much smaller, well-encapsulated, homogenous tumor (solid white arrowhead).
She had a radical resection of the gastric GIST and was free of disease until
24 mo when she developed a metastatic lesion in the left lateral segment of the
liver. Following complete metastectomy, she was treated with several targeted
tyrosine kinase inhibitors until she ultimately succumbed from her metastatic
disease 19 mo from her second operation and 43 mo from her initial operation.

resected with minimal morbidity and given an additional
two years of adjuvant therapy. The patients without
metastatic disease had estimated two-year progressionfree and overall-survival rates of 83% and 93%, respectively. McAuliffe et al[52] randomized 19 patients with
locally-advanced GIST to receive “nanoneoadjuvant”
imatinib therapy; subjects were given 600 mg/d for 3 d,
5 d or 7 d prior to surgical resection. Seventeen of 19
patients had a subsequent resection without significant
morbidity and were given two years of adjuvant therapy.
Approximately 30% of these patients had an objective
radiologic response to imatinib (CT/PET) and 12%
of the resected tumors had an increase in apoptosis by
terminal deoxynucleotidyl transferase- mediated dUTPbiotin nick end labeling assay. These studies provide the
proof of principle that neoadjuvant imatinib mesylate
may be a safe and effective method of treating patients
with locally-advanced GIST.

consider an EGD at one-year after resection to rule out
a local or anastomotic recurrence. Less frequent surveillance programs have been suggested for small (< 2 cm),
low-risk tumors. Patients on investigational adjuvant
protocols routinely are scanned more frequently to determine the efficacy of treatment.

NEOADJUVANT TREATMENT OF
LOCALLY-ADVANCED GASTRIC GIST

CONCLUSION

Locally-advanced “unresectable” or borderline-resectable gastric GIST are often treated with neoadjuvant
imatinib mesylate therapy prior to surgical resection
(Figure 5)[45]. Theoretically, the use of preoperative imatinib may “downstage” or substantially cytoreduce GIST
preoperatively and diminish the need for concomitant,
en bloc organ resections. Over the past five years, there
have been several small, single-institution; retrospective
reports documenting outcomes following neoadjuvant
treatment of borderline or locally-advanced GIST
(Table 2)[25,44,46-51]. Approximately 75% of these highly
selected patients with “unresectable” GIST were subsequently treated with R0/R1 resections. The duration
of neoadjuvant therapy and best method of detecting
maximal treatment effect have been the subject of two
recent phase Ⅱ trials[52,53]. The RTOG 0132/ACRIN
6665 cooperative group trial prospectively administered
“neoadjuvant” imatinib mesylate (600 mg/d) for eight
weeks to patients with both potentially resectable (n
= 30) and recurrent/metastatic GIST (n = 22)[53]. The
majority of patients had disease stabilization; only 12%
had a partial tumor response to therapy. Patients were
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Number of patients

Sym et al[47]
DeMatteo et al[25]
Gronchi et al[48]
Raut et al[49]
Rutkowski et al[51]
Bonvalot et al[46]
Andtbacka et al[50]
Totals

Gastric GIST are rare neoplasms that have traditional
ly required complete surgical resection to achieve cure.
Both traditional and minimally invasive gastric resections can be used to remove these tumors with minimal
morbidity and excellent perioperative outcomes. The
revolutionary use of specific, molecularly-targeted therapies, such as imatinib mesylate, reduces the frequency of
disease recurrence when used as an adjuvant following
complete resection. Neoadjuvant treatment with these
agents appears to stabilize disease in the majority of
patients and may reduce the extent of surgical resection required for subsequent complete tumor removal.
Importantly, tyrosine kinase inhibitors likely extend the
progression-free survival of most patients with GIST.
The optimal sequencing of therapies and incorporation
of predictive genomic data highlight future challenges in
this disease.
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Abstract

INTRODUCTION
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At the time of its initial introduction into clinical practice, many believed that adult to adult living donor liver
transplantation (AALDLT) would be a panacea for the
severe shortage of cadaveric donors that resulted in extensive times on the waiting list and high patient mortality. This belief was illustrated by multiple studies from
the late 1990s that suggested that AALDLT was safe
and claimed that it would significantly decrease mortality on the transplantation waiting list[1,2]. The first United
States AALDLT was performed in 1997, and over the
next 3-5 years AALDLT was vigorously embraced by
many United States transplantation surgeons. This enthusiasm was obvious in the documented increase from
one to 38 United States AALDLT centers and from
one to 266 United States AALDLT procedures between
1997 and 2000[3]. However, despite rapid integration of
this novel procedure into clinical practice, multiple questions remained unanswered. Little was known regarding
the proper indications for AALDLT. Further, there was
relatively limited data on how graft size impacted recipient and donor safety. Additionally, techniques to assure
adequate outflow and minimize biliary complications

Adult to adult living donor liver transplantation (AALDLT) was first preformed in the United States in 1997.
The procedure was rapidly integrated into clinical
practice, but in 2002, possibly due to the first widely
publicized donor death, the number of living liver
donors plummeted. The number of donors has since
reached a steady plateau far below its initial peak. In
this review we evaluate the current climate of AALDLT.
Specifically, we focus on several issues key to the success of AALDLT: determining the optimal indications for
AALDLT, balancing graft size and donor safety, assuring
adequate outflow, minimizing biliary complications, and
maintaining ethical practices. We conclude by offering
suggestions for the future of AALDLT in United States
transplantation centers.
© 2012 Baishideng. All rights reserved.

Key words: Adult to adult living donor liver transplantation; Outflow; Graft size; Liver failure; Ethics; Biliary
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were only in their infancy. Finally, the multitude of ethical issues surrounding AALDLT had not been rigorously addressed. In 2002, possibly due to the first widely
publicized death of a living donor, the number of living
liver donors plummeted. The current number of annual
living liver donors has now reached a relatively static plateau at about 250 donors per year, which is far below the
initial peak of 524 donors in 2001(Figure 1)[4].
While there is a current climate of concern in the
United States regarding the safety and appropriateness
of AALDLT, multiple other countries (mainly Asian
countries, Turkey and Egypt) have experienced a continued rise in AALDLT. Presumably, this contrast is
the result of societal norms and logistic difficulties that
impede cadaveric organ donation in these areas. Review
of data from current United States and Asian transplantation centers along with critical review of the literature
from United States surgeons who enthusiastically embraced AALDLT in its early years and then altered their
practice as increasing risk became apparent, should be
undertaken to help us determine how and if AALDLT
can safely be reinstated as a more widely utilized procedure in United States transplantation centers. In this review, we draw upon these studies to address the current
status of AALDLT. Specifically, we explore issues related
to both the technical/scientific aspects of AALDLT as
well as the ethical issues that surround AALDLT. We
then offer suggestions for the future of AALDLT in the
United States.

Number of living liver donors

6

4
3
2
1
0
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
t /yr

Figure 1 Number of United States living liver donors per year[4].

managed in large-volume, Western liver transplantation
centers, the transplantation rate ranges from 41%-72%,
and the median waiting time for a deceased donor graft
is 3.5-5 d[6]. These statistics clearly indicate the impressive need for more readily available liver grafts.
The issue of AALDLT for ALF also sparks an ethical debate among the transplant community regarding
issues such as how to assure adequate informed donor
consent in a relatively pressured setting or whether it is
appropriate to ask donors to give an organ to a recipient
who may not have a successful outcome. Based on our
recent analysis of the current ethical issues with AALDLT for ALF, we feel that with adherence to rigorous
informed consent efforts mediated by a donor advocate
and recognition that most donors rate the experience
of donating positively even if the recipient has a poor
outcome, AALDLT can be offered to patients with ALF
in a way that maintains the highest ethical standards for
both the donor and the recipient[5]. Thus, given the extreme need for more liver grafts and the precedent of
successful AALDLT outcomes in many Asian centers,
United States centers should consider broadening the
indication for AALDLT to include ALF.
In addition to efforts to determine whether AALDLT is appropriate for ALF, extensive efforts have also
been directed toward determining if the MELD score
can help predict the suitability of AALDLT for a given
patient. The MELD score, which is based upon creatinine, total bilirubin, and INR, was originally developed
by Malinchoc et al[7] to predict 3 mo survival in patients
undergoing elective transjugular intrahepatic portosystemic shunt procedures. The MELD score has since
been shown to be a valuable predictor of pre-transplantation survival, and in 2002 it became a critical tool in
assigning priority to patients on the United Network for
Organ Sharing (UNOS) transplantation waiting list. At
the inception of this policy, little data regarding the predictive value of the MELD score in AALDLT existed
thus promoting general concern among transplantation
physicians that a higher MELD score (i.e. a sicker patient) may correlate with poor outcomes after AALDLT.

OPTIMAL INDICATIONS FOR ADULT
TO ADULT LIVING DONOR LIVER
TRANSPLANTATION HAVE NOT BEEN
ESTABLISHED
Extensive efforts have been dedicated to determining
the optimal indications for AALDLT. Review of the recent literature identifies two central issues: the appropriateness of AALDLT for patients with acute liver failure
(ALF) and whether the Model for End-stage Liver Disease (MELD) score can be utilized to determine the suitability of AALDLT for a given patient. Here, we briefly
highlight recent literature regarding these controversial
topics.
In many Asian centers where socio-cultural norms
drastically limit utilization of cadaveric liver donation,
AALDLT is being increasingly relied upon to offer expedient transplantation to patients with ALF (Table 1)[5].
Despite relatively widespread use of AALDLT for ALF
in many Asian countries, issues regarding graft size and
donor safety have prevented widespread acceptance of
AALDLT for ALF in the United States. This reluctance
to utilize AALDLT in the setting of ALF presumably
increases the risk of death due to failure to quickly receive a graft for these critically ill patients. For example,
we have found that even when patients with ALF are
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Table 1 Literature review of adult to adult living donor liver transplantation for acute liver failure

[5]

Ref.

Year

Location

n

Recipient survival (%)

Lobe utilized

Donor complications (%)

Donor survival (%)

Liu et al[38]
Nishizaki et al[39]
Wu et al[40]
Lee et al[14]
Kilic et al[41]
Campsen et al[42]
Ikegami et al[43]
Park et al[44]

2002
2002
2004
2007
2007
2008
2008
2010

China
Japan
Taiwan, China
South Korea
Turkey
United States
Japan
South Korea

16
15
8
57
6
10
44
40

88
80
100
82
83
70
80
85

Right
Left
Right
Both
Right
Right
Both
Both

25
No comment
0
2
25
50
34
24

100
100
100
100
100
100
100
100

This concern was based primarily upon the relatively
poor early outcomes of AALDLT for critically ill patients. This issue was addressed in work by Testa et al[8]
that investigated the appropriateness of AALDLT for
patients with decompensated end-stage liver disease. The
authors highlighted several early studies of AALDLT
that described a 1 year survival of about 50% for critically ill patients which was far inferior to the 77%-80% 1
year survival reported for patients with a more favorable
clinical status. The authors also cited their own 1 year
survival for AALDLT in patients with a MELD score
> 30 as 43%, which although relatively low, was considered successful given the high likelihood of patient
death before a cadaveric donor graft could be allocated
to them[8]. The relatively low survival rates reported in
these studies led to a general consensus that critically ill
patients should not be candidates for AALDLT. However, Testa el al advocated that rather than abandoning the
procedure for these patients, the outcomes of AALDLT
in the critically ill could be improved by gaining further
experience in appropriate donor selection and working
to overcome the technical difficulties of the operation[8].
Recent data from various transplantation centers, especially those in Korea, that heeded this recommendation
and continued working to overcome the technical issues
that initially contributed to poor outcomes now demonstrate survival in critically ill patients that closely parallels
survival of patients who are less ill. Additionally, Hwang
et al[9] and Bhangui et al[10] have recently demonstrated
the success of AALDLT for patients with hepatocellular
carcinoma. These improvements in outcome across a
variety of disease etiologies and recipient clinical status
suggest that AALDLT is an appropriate procedure for
even the most critically ill patients.
To further understand which critically ill patients
would benefit most from AALDLT, several studies have
since emerged to specifically investigate the predictive
validity of the MELD score in AALDLT. For example,
in a retrospective review of 62 AALDLT recipients by
Hayashi et al[11], MELD score failed to predict 1-year
patient or graft survival. To further analyze the predictive capacity the MELD score and 23 other preoperative
factors Morioka et al[12] conducted a retrospective review
of 335 cases of AALDLT in Japan between 1994 and
2003. The authors concluded that lack of pre-transplant
encephalopathy, MELD score ≤ 30 (including points
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for persistent ascites and low serum sodium), and donor
age < 50 were the key factors for obtaining successful
outcomes with AALDLT. This work was contrasted by
Durand et al[13] who conducted a retrospective review of
331 DDLT and 128 AALDLT cases to develop statistical
models to determine the most efficacious means of organ allocation. This group determined that AALDLT is
most advantageous when performed in patients at high
risk of death. More simply, these authors demonstrated
that the most critically ill patients will derive the most
robust statistical benefit from AALDLT[13]. The studies
reviewed here offer slightly conflicting suggestions regarding which patients will benefit most from AALDLT.
Further work must be performed to more clearly delineate the indications for the procedure and to establish a
meaningful selection criteria for potential recipients.
However, it is our belief that current data generally
suggests that the indications for AALDLT should be
broadened. Reflection on the drastic improvements in
survival for critically ill patients (including those with
ALF) in many Asian centers illustrates how diligent refinement of surgical technique and increased procedural
experience can result in drastically improved outcomes
of AALDLT for even the most critically ill patients. Perhaps United States transplantation centers can call upon
the wealth of knowledge generated by these centers to
successfully incorporate AALDLT into the routine treatment of United States patients.

DELICATE BALANCE BETWEEN GRAFT
SIZE AND DONOR SAFETY
In addition to determining the optimal indications for
AALDLT, the transplantation community must advise
on the delicate balance of assuring adequate graft size
while maintaining donor safety. It is well accepted that
AALDLT must be performed in careful balance between
recipient needs and donor safety. For example, if acquiring adequate graft volume for the recipient equates to
unacceptable risk for the donor, the transplantation must
not be performed. Currently, a graft weight to body
weight ratio of > 0.8% and a graft size of at least 40%
of the standard liver volume is accepted as a minimum
requirement for donation[14]. It has been advocated by
some that use of a right lobe graft as compared to a
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left lateral lobe as is used in pediatric living donor liver
transplantation (LDLT) may allow for larger graft size
while still maintaining reasonable donor risk. While it is
presumed that the increased graft size places donors at a
higher risk following a right hepatectomy, no controlled
studies substantiate this concern. Further, presumption that donor morbidity or mortality is directly and
solely related to the extent of the liver resection is not
reasonable given the numerous other factors that may
contribute to poor donor outcomes. The Korean experience demonstrates that with increased operative experience, strict donor selection, and an institutional focus on
AALDLT, complications and mishaps can be drastically
minimized[15].
Numerous studies have also been conducted in an effort to determine the safest selection criteria for donors.
Authors at a prominent United States transplantation
center reviewed the screening of 66 potential donors for
15 eventual AALDLT procedures[16]. The group relied
upon 3D helical imaging including hepatic lobe volume
renderings, vascular anatomy, virtual resection planes,
preoperative arteriography, and medical/psychological
examination, and found that even with robust preoperative donor screening in an experienced hepatobiliary center, morbidity occurred in 67% of donors[16]. A slightly
more recent study of 893 AALDLT cases between
1994 and 2005 in Korea demonstrates how modification of graft size and careful donor selection can result
in marked reduction in donor morbidity[15]. Specifically,
until 2001, this group reported an AALDLT donor complication rate of 6.7% which was predominantly due to
complications in right lobe liver donors. In 2002, authors
changed their donor selection procedure such that liver
resection exceeding 65% of total liver volume was avoided except in young donors with no evidence of hepatic
steatosis. This change resulted in a reduction of donor
morbidity to 1.3% and prompted authors to conclude
that a majority of major living donor complications are
avoidable through strict selection of living donor/graft
type (with cautious selection of the donor right liver if
it appears to be larger than 65% total liver volume), intensive postoperative surveillance, and prompt feedback
regarding surgical technique. Perhaps most interestingly
the authors commented that the experience that they
gained from implementation of AALDLT has actually
optimized all hepatobiliary surgery practices at their
institution[15]. There is also an interesting body of work
evaluating the accuracy of preoperative assessment of
graft volume via 3D-CT volumetry in AALDLT. Both
Hiroshige et al[17] and Kayashima et al[18] have demonstrated that 3D-CT volumetry may overestimate graft volume
by as much as 13%, especially in donors under 30 yr old.
Authors suggest that this may be due to graft dehydration secondary to University of Wisconsin solution.
Studies such as these illustrate the difficulty in assuring
accurate pre-operative assessment of graft volume. Given the obvious importance of assuring adequate graft
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size, future work to further optimize pre-operative assessment of graft volume is certainly warranted. Clearly,
the transplantation community will benefit from further
study regarding how to safely balance donor safety and
graft size; however, studies such as those discussed here
suggest that we are beginning to develop a more robust
understanding of how to address this critical issue. We
suggest that implementation of strict policies regarding acceptable graft size is the best method for avoiding
complications related to small for size grafts or resection
of an unsafe donor graft volume.
However, surgical technique alone, even that delivered by expert surgeons, cannot substitute for the
institutional organization at all levels of patient care
that is mandatory to minimize complications. Any institution willing to offer AALDLT to its patients must
invest in AALDLT. Specifically, in order to replicate the
results of the best transplantation centers in the world,
United States centers should focus on how the entirety
of the operative experience, ranging from pre-operative
donor evaluation to the number of capable transplant
surgeons to the coordinated management of postoperative care, can be structured to provide the highest
levels of success.

ISSUE OF OUTFLOW
The right lobe of the liver is increasingly being utilized
to assure adequate graft volume in AALDLT. However,
use of the right lobe brings with it a heightened risk of
impaired graft outflow. Specifically, the right lobe graft
carries an increased risk of early post-operative congestion of the paramedian segments 5 and 8 due to interruption of the venous drainage of the middle hepatic
vein (MHV). Post-operative congestion has been shown
to lead to congestive necrosis which has been reported
to incite early post-operative graft failure and recipient
death[19-21]. Harvest of an extended right lobe graft with
inclusion of the entire donor MHV is an effective means
of preventing outflow obstruction: however, the larger
graft size may increase the donor’s risk of morbidity and
mortality. The surgeon’s decision to resect or not resect
the donor MHV is thus a complicated one that rests
upon several key factors. Donor residual liver volume,
the importance of MHV in right lobe drainage, the ratio
of graft weight to recipient body weight, and the MELD
score must all be carefully evaluated prior to determining
whether resection of the MHV is appropriate. Generally,
it seems prudent to suggest that if the donor residual
liver volume is marginal (ratio < 0.6) or the rest volume
is < 30%, the MHV should remain with the donor and
segments 8 and 5 should be re-anastomosed.
Several procedural modifications have been proposed
to generate improved outflow in cases where the MVH
must be interrupted. For example, in a review of 74
AALDLT patients, Malago et al[22] observed that rapid regeneration of the graft in the first 10 post-operative days
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resulted in medial displacement of the graft such that
kinking, torsion, and compression/occlusion of the outflow tract resulted. By using a cadaveric iliac vein graft
to create an interposition conduit that allowed drainage
of all intrahepatic veins (diameter > 5 mm) draining
segments 5 and 8 into the MHV, the authors devised a
modification of the outflow tract that enlarged the caval
orifice and assured better outflow[22]. Successful use of
this cadaveric vein outflow reconstruction procedure in
patients undergoing AALDLT was also demonstrated by
Dong et al[19]. Continued efforts to develop procedural
modifications that assure successful outcomes in recipients of AALDLT while maximizing donor safety are
imperative. Additionally, it is good practice to remember
that every donor-recipient pair presents a unique set of
anatomical challenges, however, these challenges should
not be considered separately. Favorable outcomes are
a result of the safest and most feasible combination of
donor and recipient need. Any compromise at the expense of either may result in serious complications and
poorer outcomes. Procedural flexibility is ultimately the
best policy to protect the donor and assure prompt, successful graft functioning in the recipient.

the literature. For example, in a review of 429 patients
that underwent liver transplantation, the success rates
for treatment of biliary complications by endoscopic
retrograde cholangiopancreatography and percutaneous transhepatic radiologic procedures were 100% and
78% respectively[35]. Given the consistently high rate of
biliary complications despite over a decade of efforts to
perfect the biliary anastomosis, assurance of robust nonoperative treatment modalities is imperative. Thus while
continued refinement of technique is critical, we have
limited expectation of an easy fix for biliary complications in AALDLT. It is generally clear that while most
of the other technical obstacles to AALDLT have found
favorable solutions, we are still far from having developed a biliary anastomosis technique that will provide
consistently positive results. While relying on continued
advancement in minimally invasive procedures to remedy
these frequent complications is currently an acceptable
compromise, it is imperative that we continue significant
efforts to construct a biliary anastomosis with equivalent
or lower complication rates than that of deceased donor
liver transplant.

ETHICAL ISSUES

BILIARY COMPLICATIONS

The ethical issues surrounding AALDLT are complex
and warrant thoughtful discussion prior to widespread
implementation of the procedure. Overall, the majority
of regulations on liver transplantation are guided by a
simple reality: liver grafts are provided by a public supply, and the supply is insufficient to meet current societal
demands. The introduction of AALDLT presumably
alters this climate by increasing the available supply of
grafts. This increase in supply offers the opportunity of
transplantation to patients who previously had relatively
minimal chances of obtaining a graft given that their
clinical status was not critical enough to assure high priority listing on the transplantation waiting list or because
the etiology of their disease precluded them from being
a transplant candidate (hepatocellular carcinoma, polycystic liver disease, etc. While introduction of AALDLT
clearly expands the opportunity for many patients awaiting transplantation it carries with it multiple ethical questions.
Overall, the issue of whether AALDLT is ethically
appropriate requires careful assessment of the risks
and benefits to the individual donor-recipient pair. The
benefits to the potential recipient are relatively obvious. AALDLT offers potential recipients decreased
time on the waiting list or, in some cases, the opportunity to completely bypass the waiting list. Further,
with AALDLT potential recipients are able to undergo
transplantation as an elective rather than urgent surgery
thereby allowing increased control of variables such as
graft ischemic time. However, given the healthy status of
the donor, the age old vow of physicians, “primum non
nocere” (first do no harm), mandates that the risks and

In addition to issues of impaired outflow, reliance on
right lobe grafts for AALDLT has brought with it an
increased rate of biliary complications. Overall, since the
introduction of AALDLT with right lobe grafts, biliary
complications have been the leading cause of post operative complication and re-operation[23-27]. The reported
incidence of biliary complication in AALDLT ranges
from 15%-60%[25,28-31], which is substantially greater than
that of cadaveric full-liver transplantation 5%-15%[29,32,33],
and pediatric LDLT with the left lateral lobe of 4%-6%[34].
Presumably, anatomic differences between the left and
right hepatic biliary systems are responsible for this differential complication rate. Specifically, reliance upon the
left hepatic duct usually allows a relatively easy dissection
due to straightforward ductal anatomy. However, use of
the right lobe hepatic system is markedly complicated
by the numerous anatomic variations of the right duct.
Multiple technical modifications for biliary reconstruction have been published over the past decade (use of
recipients right and left hepatic ducts, end-side reconstruction of donor ducts to native common hepatic bile
duct, donor ductoplasty, stents, T-tubes, etc.), however
none has provided a standardized, replicable method that
consistently decreases the incidence of biliary complications[24,30].
Although, biliary complications result in high recipient morbidity and occasionally mortality, early detection
and prompt treatment offers a favorable rate of recovery in these patients. Perhaps most importantly, a high
rate of success in non-operative management of biliary
complications has been consistently demonstrated in
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benefits to the donor be the primary focus of a discussion of transplantation ethics. In our brief review of the
literature, it is evident that donors experience a relatively
high risk of morbidity and a realistic risk of mortality
in even the most well-qualified transplantation centers
with the most experienced transplantation surgeons.
The risk of short and long-term medical morbidity is
compounded by the financial burdens that may result
due to ongoing medical bills and time lost from work.
Currently, no system is in place to assure that donors
are not excessively burdened by such issues. However,
one must remember that while this risk may be of high
concern for United States donors, it may be less of an
issue in European countries where public health insurance typically covers all donor expenses. While substantial health and financial risk is obvious for the donor,
great benefits may also be incurred by consenting to
living liver donation. The psychological benefit from
this altruistic decision is one of the primary benefits to
donors. A vast body of literature exists that consistently
supports the finding that even in cases of poor recipient
outcome, undergoing donation helps donors feel as if
they have done everything possible to help save the life
of their loved one[36]. Donation may also bring with it a
decreased caregiver burden and increased participation
of the recipient in subsequent household matters.
Several other issues are central to a thorough discussion of the ethics of AALDLT. First, there is great
concern among the transplantation community that critical recipient status (especially in the setting of ALF) or
familial pressure may limit the ability of potential donors
to fully engage in an informed consent discussion. Many
worry that donors may feel pressured to donate, and
they encourage a robust donor evaluation process with
inclusion of a donor advocate who assures donors the
opportunity to make their decision with minimal pressure from family or members of the health care team.
Additionally, many worry that performing an AALDLT
in a setting in which recipients may have a poor outcome
(e.g., ALF) may not be appropriate. However, multiple
authors have determined that even in settings in which
recipients die or suffer significant morbidity, most donors rate the donation experience positively as they feel
as if it has allowed them to do all they can to help save
the life of their loved one[36]. Clearly, the ethical issues
involved with AALDLT are complex and deserving of
further discussion to assure the highest ethical standards
are maintained when caring for the donor-recipient pair.

improved since the initial introduction of the procedure
in 1997.

HAVE WE IMPROVED SINCE 1997?

3

MOVING FORWARD
Critical review of AALDLT suggests that the Western world both embraced and dismissed AALDLT
too quickly [37]. A new framework for integration of
AALDLT into United States medical practice that is
rooted in clinical expertise, genuine need, and accurate
reporting should be developed to create a new starting
point for AALDLT in the United States. Focus upon the
key factors of determining the appropriate indications,
balancing graft size with donor safety, assuring adequate
outflow, minimizing biliary complications, and mandating ethical rigor is imperative. Additionally, we offer
several suggestions that we believe will assure thoughtful integration of AALDLT into United States practice.
First, all AALDLT activity should be concentrated in
centers with dedicated AALDLT staff and adequate
field strength (capacity of surgical team to meet the
technical demands of a relatively innovative procedure,
proven success with all facets of hepatobiliary surgery,
etc.). Next, we believe that proper training programs for
staff along with validated criteria to demonstrate clinical
competency should be developed. Further, incorporating knowledge from centers that are already world leaders in AALDLT to establish patient and graft survival
that is superior to deceased donor liver transplantation
must be the ultimate goal. Finally, working to improve
the societal image of AALDLT is critical for assuring
integration into current United States medical practice.
It is our belief that careful attention to these key factors
will help redefine the role of AALDLT in United States
transplantation centers. And while this may not provide
the panacea for long wait times and high recipient mortality that was originally assumed, we believe that robust
integration of AALDLT into United States practice will
offer significant improvements for patients awaiting liver
transplantation.
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Abstract
Patients with esophageal cancer have a poor prognosis
because they often have no symptoms until their disease is advanced. There are no screening recommendations for patients unless they have Barrett’s esophagitis or a significant family history of this disease.
Often, esophageal cancer is not diagnosed until patients present with dysphagia, odynophagia, anemia or
weight loss. When symptoms occur, the stage is often
stage Ⅲ or greater. Treatment of patients with very
early stage disease is fairly straight forward using only
local treatment with surgical resection or endoscopic
mucosal resection. The treatment of patients who have
locally advanced esophageal cancer is more complex
and controversial. Despite multiple trials, treatment
recommendations are still unclear due to conflicting
data. Sadly, much of our data is difficult to interpret
due to many of the trials done have included very heterogeneous groups of patients both histologically as
well as anatomically. Additionally, studies have been
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INTRODUCTION
Esophageal cancer is a growing epidemic with approximately 460 000 new diagnosis and 380 000 deaths annually worldwide[1,2]. Adenocarcinoma has increased in
incidence while the incidence of squamous cell esophageal carcinoma has decreased in the Western world. This
seems to be linked to gastroesophageal (GE) reflux disease and Barrett’s esophagus[3-7]. The prognosis for these
patients is generally poor because of the advanced stage
at the time of presentation. The increase in use of pro-
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ton-pump inhibitors over-the-counter has also decreased
the impetus to seek physician assistance for reflux symptoms. Hence most of these patients will be diagnosed at
a late stage, with approximately 50 percent of patients
have advanced unresectable or metastatic cancer[7]. Most
patients are not considered curable at diagnosis and are
treated with chemotherapy and radiation, mostly with
palliative intent. In patients who are fortunate enough to
have potentially resectable disease, the data are not clear
as to the best approach. Patients with very early disease
may only require endoscopic mucosal resection or surgical resection. Others are treated with a combination
of chemotherapy plus radiation (chemoradiation) plus
surgery if they are deemed resectable. Ideally, we would
like to have large randomized trials that were powered
properly to support our treatment plans. As these studies
do not exist in the esophageal cancer world, we are left
to rely mainly on meta-analysis, small randomized trials,
and historical reports to make decisions for our patients.
These treatments require specialists from surgery, medical oncology, radiation oncology, and gastroenterology.
It is imperative that these individuals work in a multidisciplinary fashion in order to deliver comprehensive care.
The goal of this paper is to discuss the approach of an
established multidisciplinary team in the treatment of
patients with locoregionally advanced disease.

with local disease (cT1N0 and some cT2N0 tumors). At
our institution and other high volume institutions, patients with T1aN0 tumors are treated with minimally invasive techniques such as endoscopic mucosal resection.
There is limited experience with the use of radiation or
chemoradiotherapy in the curative setting for patients
with cT1N0 disease[8]. Thirty-four patients with either
medically inoperable disease or refused surgery were
treated with external beam alone (64 Gy) or external
beam (52 Gy) plus 8 to 12 Gy with brachytherapy. The
median follow-up was 61 mo, 5-year survival was 59%,
68% local relapse-free survival, and 80% cause-specific
survival[8].
For most cT2N0 tumors, surgery alone may not be
sufficient since approximately 50% of patients may have
lymph node metastasis[9-12]. However, if the nodes are
negative (pT2N0m0) there is no role for postoperative
adjuvant chemotherapy or chemoradiation.
Treatment of cT3-4 and/or N positive disease
There remains much controversy in what is considered
the current standard of care for patients with locally advanced esophageal cancer (cT3-4 and or N positive)[13-15].
Initially, surgical resection was the main modality for
esophageal cancer treatment. Since the 1980’s, studies
have evaluated the utility for perioperative chemotherapy,
postoperative and more commonly preoperative chemoradiation to improve outcome. These studies have been
criticized for a variety of insufficiencies including inadequate power, the type of chemotherapy regimen, the
dosing of chemotherapy, the radiation dose and fraction
size, radiation delivery schedules, number of patients enrolled, initial staging, multiple organ sites and histologic
subtype. At our institution, we advocate the use of neoadjuvant chemoradiotherapy based on the following data.

EVALUATION OF THE PATIENT
To obtain an adequate volume of tissue for diagnosis, a
minimum of 7 core/pinch biopsy specimens in addition
to brushings are recommended at the time of endoscopy. This approach improves the accuracy of diagnosis to
98%-100%[7]. In addition, it provides tissue for molecular
marker analysis, as cancer therapy is beginning to focus
on targeted therapies which may require tumor marker
analysis. Staging studies should include a computed tomography of the chest and abdomen, a position emission tomography (PET) scan and endoscopic ultrasound
by a specialized gastroenterologist trained and proficient
in this technique. Biopsies should be obtained from suspicious lymph nodes if accessible. An esophagram is also
helpful in determining the degree of esophageal stricture. With the seventh edition American Joint Committee
on Cancer Staging System, it is imperative to determine
the histology of the tumor and number of lymph nodes
involved. In patients who have respiratory symptoms, a
bronchoscopy should be done to evaluate for tracheoesophageal fistula formation. In patients with other
pulmonary or abdominal findings on imaging studies,
one may wish to pursue thoracoscopy or laparoscopy. In
addition, it is important to assess the performance status,
the nutritional status and the patient’s comorbidities of
prior to determining an appropriate treatment plan.

DO PATIENTS BENEFIT FROM
NEOADJUVANT RADIATION?
There have been five phase Ⅲ trials which evaluated
neoadjuvant radiation in esophageal cancer. None of the
studies have demonstrated an increase in overall survival
or resectability of esophageal cancer patients treated
with radiation alone [16-20]. Nygaard et al [19] reported a
3-year overall survival benefit only after adding patients
who also received chemotherapy to the statistical analysis. A meta-analysis of neoadjuvant radiation revealed a
trend toward improved 5-year overall survival but failed
to show a statistically significant survival advantage[21].
Data do not support the use of radiation as a single modality in the neoadjuvant treatment of esophageal cancer
(Table 1). The role of radiation alone should be limited
to palliation.

DO PATIENTS BENEFIT FROM
PERIOPERATIVE CHEMOTHERAPY?

TREATMENT APPROACHES
Treatment of cT1-2N0 disease
Surgery alone remains the standard of care for patients
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chemoradiation should be done by a multidisciplinary
group proficient in these procedures as many situations
may result in a less favorable outcome. Situations which
may occur include unnecessarily missed chemotherapy
or radiation doses for complications which could be
managed by groups more experienced in this technique.
Additionally, the use of unconventional chemotherapy
or radiation regimens or erroneous staging studies may
also be problematic.
Initially, concurrent chemoradiation was evaluated as
definitive treatment for patients who were not surgical
candidates in the Radiation Therapy Oncology Group
(RTOG) 85-01 trial[31]. In this study 134 patients were
randomized to cisplatin combined with infusional fluorouracil and concurrent radiation or to radiation alone.
The patients predominately had esophageal squamous
cell carcinoma. Interim analysis revealed that a statistically significant survival advantage favoring concurrent
chemoradiotherapy hence changing the treatment paradigm in inoperable locally advanced esophageal cancer.
The 5-year overall survival was 27% vs 0% with radiation
alone[31]. Despite the reduction in the risk of persistent
disease or local recurrence with concurrent chemoradiotherapy compared to radiation alone, the incidence of
locoregional failure was a dismal 47%[31]. Hence, in an
effort to reduce locoregional failure, radiation dose was
then addressed by the INT 0123 trial[32]. A total of 236
patients were randomized to high (68.4 Gy) or low (50.4
Gy) dose radiation all given with concurrent cisplatin
and infusional fluorouracil per the RTOG 85-01 regimen. An interim analysis failed to reveal a local control
or survival benefit with high dose radiation hence, 50.4
Gy has become standard of care for both neoadjuvant
and definitive radiotherapy[32].
Patients with esophageal cancer have unacceptably
high locoregional failure rates of approximately 50% with
chemoradiation and a dismal prognosis of 20%-25% at 5
years with surgery alone[23,33-35]. Based on the limited success of these two approaches, a number of studies evaluating the combination of chemoradiation and surgery
were developed.

Table 1 Randomized trials of neoadjuvant radiation in esophageal cancer
Histology

n

Rad dose
(Gy)

Launois et al[18]

SCC

Gignoux et al[17]

SCC

Wang et al[20]

NR

Nygaard et al[19]

SCC

Arnott et al[16]

SCC
AC

57
67
106
102
102
104
50
58
86
90

39-45
33/12
40
35 (4 wk)
20 (10 d)

Ref.

2-yr
5-yr
survival, % survival, %
11.5
9/5
10
16
33
37
NR
NR
NR
NR

NR
NR
9
10
30
35
9 (3 yr)
21 (3 yr)
17
9

SCC: Squamous cell carcinoma; NR: Not reported; AC: Adenocarcinoma.

been evaluated in patients with locally advanced gastric and GE cancer. At least five phase Ⅲ trials have
compared cisplatin-based regimens to surgery alone
in esophageal cancer and three studies showed a survival advantage (Table 2) [22-26]. The Medical Research
Council trial is the largest of these studies as it randomized 802 patients with esophageal adenocarcinoma or
squamous cell carcinoma. There was a 5-year overall
survival advantage of approximately 6%[24]. The Magic
trial randomized 503 patients, predominately gastric cancer patients, and demonstrates a 5-year overall survival
advantage of 13%[22]. The French Cooperative Group
study randomized 224 predominately gastric cancers
with a survival advantage of 14% at 5 years[26]. All of
these studies noted no evidence of increased morbidity or mortality in patients who received neoadjuvant
chemotherapy. Many studies that evaluated perioperative
chemotherapy have shown some overall survival benefit.
This is evident in Gebski’s meta-analysis that evaluated
1724 patients who received chemotherapy and surgery
versus surgery alone in 8 trials. Of note was a 7% absolute benefit in 2 years survival (P = 0.014) in adenocarcinoma patients only[27]. These data are complicated
because only 2 of the studies evaluate only esophageal
cancer[23,24]. While we feel there is some benefit to perioperative chemotherapy, we do not advocate its use as
the data suggest neoadjuvant chemoradiotherapy to be
superior in esophageal cancer.

DO PATIENTS BENEFIT FROM SURGERY?
Surgery has been considered an essential part of the
treatment of patients with esophageal carcinoma[36]. Past
experiences showed that a nonsurgical approach was associated with mediocre survival results[37]. However, the
better survival achieved with surgical therapy may have a
high price. In 1980, Earlam et al[38] reviewed the literature
and reported 29% mortality for esophagectomy. Today,
some still quote these numbers as a justification for nonsurgical approach to esophageal cancer, stating if a patient with esophageal cancer may either die by the tumor
or die by the knife. However, it is hard to believe that
these numbers remain true after significant improvements in antibiotics, intensive care, surgical equipment,
and technique. Additionally, developments in chemotherapy and radiotherapy have occurred as well.

DO PATIENTS BENEFIT FROM
CONCURRENT CHEMORADIOTHERAPY?
Chemotherapy combined with radiation enhances the effects of radiation by synergistically damaging the DNA
following cell cycle synchronization[28,29]. Chemotherapy
theoretically also reduces the risk of distant metastatic
disease by eradication of micrometastases[30]. Chemoradiation is useful in both the neoadjuvant setting for
all esophageal cancer patients or in the adjuvant setting
for patients with GE junction tumors. Additionally, in
patients who are not surgical candidates chemoradiation
may be used as definitive treatment[31]. Ideally, concurrent
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What is the best surgical technique?
There are 3 different basic approaches for esophagectomy: (1) transhiatal; (2) transthoracic; and (3) en bloc or
radical. The transhiatal approach has a theoretical advantage of a decreased morbidity and mortality due to
the avoidance of a thoracotomy (and thus, a decreased
operative time and pain). Even though concern has been
raised about lesser oncologic radicality, several studies
compared the outcomes for transhiatal versus transthoracic esophagectomy. Two meta-analysis in 2 different
decades (2001 and 2011) showed no differences in survival comparing these two approaches[39,40]. The transthoracic group; however, had significantly more respiratory
complications, wound infections, and early postoperative mortality, whereas anastomotic leak, anastomotic
stricture, and recurrent laryngeal nerve palsy rates were
significantly higher in the transhiatal group. Population
studies reached the same conclusions. Chang et al[41] evaluated a pool of 868 patients from the American Surveillance, Epidemiology, and End Results-Medicare linked
database (1992 to 2002) with similar results. Additionally,
Connors et al[42] consulted the registries of 17 395 patients from the American Nationwide Inpatient Sample
database and found similar outcomes for both procedures.
The need for lymphadenectomy (radical esophagectomy) is an ongoing debate in esophageal surgery.
Also, it is unclear if the patients that may benefit from
these procedures are the ones with early cancer or locally advanced tumors. Moreover, the extent of the
lymphadenectomy (1 field-thoracic, 2 fields- thoracic and
abdominal, 3 fields-thoracic, abdominal and cervical) is
a controversial topic. The lack of randomized trials addressing this issue increases the controversy. Although
some studies showed better survival after en bloc esophagectomy others showed results similar to a transhiatal
esophagectomy[43,44]. Morbidity and mortality for this
procedure is not always reported; however, it seems to
be high, especially in 3-field[45].
Minimally invasive surgery has the advantages of
better cosmetic results, reduced operative stress, postoperative immobility, and pain. As far as we are aware, no
randomized controlled trials have compared minimally
invasive and open esophagectomy to date. Available
data, including 3 recent meta-analysis suggests that minimally invasive esophagectomy is similar to conventional
esophagectomy in terms of complications, oncologic
radicality and survival[46-49].

or adjuvant chemotherapy[54]. However, patients with potentially resectable tumor not referred for surgery have a
lower survival rate[55].
Relationship between volume and outcomes
Different papers repeatedly reported better outcomes
for esophagectomy in high volume centers[42,56,57]. This
better results may be attributable to surgeons’ experience, since a decrease in more than 50% in the index
of complications following esophagectomy is observed
when the operation is performed by surgeons experienced in more than 100 esophagectomies[58]. However,
hospital volume is also important, since the preparedness of the multidisciplinary team and hospital services
to attend esophagectomy patients is crucial to better
outcomes. Even low volume hospitals with high nurse
ratios, lung transplantation services, complex medical
oncology services, bariatric surgery services, and positron emission tomography scanners have lower mortality
rates compared with low-volume hospitals with none of
these characteristics[59]. Very interestingly, survival was
not linked to volume[60].

DO PATIENTS WHO UNDERGO SURGERY
BENEFIT FROM NEOADJUVANT
CHEMORADIATION?
To date, there have been eleven randomized trials performed evaluating the utility of neoadjuvant chemoradiotherapy added to surgery (Table 3). These trials have
incorporated a variety of chemotherapy regimens, doses
and fraction sizes of radiation and timing of both chemotherapy and radiation. Of these studies only 3 have
shown a benefit with concurrent chemoradiotherapy.
The CALGB 9781 study randomly assigned patients to
cisplatin, infusional fluorouracil with concurrent radiation and surgery or to surgery alone. The study was unable to adequately accrue due to patient and investigator
bias favoring the neoadjuvant arm. Despite the lack of
accrual in this study there was an impressive five-year
overall survival of 39% with multimodality treatment
and 16% with surgery alone (P = 0.002)[61]. The study
performed by Walsh et al[62] randomized 113 patients
with adenocarcinoma to cisplatin, infusional fluorouracil and radiotherapy followed by surgery or to surgery
alone. The median overall survival was 16 mo with multimodality treatment and 11 mo with surgery alone (P
= 0.01). Three-year survival of 32% with multimodality
treatment and 6% with surgery alone (P = 0.01). This
study has been criticized for inadequate radiation dose,
inadequate fluorouracil dose, survival in the control arm
lower than historical controls, and lack of adequate staging prior to chemoradiotherapy[62]. The CROSS trial has
been reported in abstract form by van der Gaast et al[63].
A total of 363 patients with adenocarcinoma or squamous cell carcinoma were randomized to preoperative
paclitaxel/carboplatin plus 41.4 Gy vs surgery alone.

Modern outcomes for mortality and survival
Different studies from experienced centers show a rate
of mortality close to 0 in patients with non-advanced or
even advanced tumors[50-53]. The application of standardized protocols with a multidisciplinary team improved
significantly the outcomes of esophagectomy. It is not
easy to access the survival related to esophagectomy only
since most series of surgery alone are related to initial
cancer and most surgeons refer patients to neoadjuvant
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Table 2 Randomized trials of peri-operative chemotherapy in gastric and esophageal cancer
Ref.
[23]

Kelson et al

Cunningham et al[22]
MRC et al[24]
Roth et al[25]

Histology

Regimen

n

Resection

pCR

5-yr survival %

P value

SCC (45%)
AC (55%)
AC - Gastric
25% GEJ
SCC (35%)
AC (65%)
AC/SCC

S
CF→S→CF
S
ECF→S→ECF
S
CF→S
S
BVC→S

227
213
253
250
402
400
20
19

59%
62%
66%
69%
54%
62%
NR

NA
2.50%
NA
0%
NA
NA
NR

23 (3 yr)
26 (3 yr)
23
36
17
23
5
25

NS

S
CF→S→(CF)

111
113

111
113

NA
NR

24
38

Ychou et al[26]

AC
75% GEJ
25% Gastric

Median survival (mo)

0.009
0.004
NS

0.02

16.1
14.9
20
24
13.3
16.8
9
9
NR
NR

CF: Cisplatin and 5-fluorouracil; SCC: Squamous cell carcinoma; ECF: Epirubicin, cisplatin and 5-fluorouracil; AC: Adenocarcinoma; NA: Not Applicable;
GEF: Gastroesphageal junction/distal esophagus; NR: Not recorded; NS: Not significant; S: Surgery; BVC: Bleomycin, vindesine, cisplatin; pCR: Protein
catabolic rate; GEJ: Gastroesophageal junction.

Table 3 Randomized trials of neoadjuvant combined modality therapy for esophageal cancer
Ref.

Cell type

Nygaard et al[19]

SCC

Bosset et al[34]

SCC

Tepper et al[61]
Walsh et al[62]
Gaast et al[63]

SCC (25%)
AC (75%)
AC (100%)

Le Prise et al[85]

SCC (25%)
AC (75%)
SCC

Apinop et al[86]

SCC

Lee et al[87]

SCC

Urba et al[88]

SCC (25%)
AC (75%)
SCC (37%)
AC (62%)

Burmeister et al[89]
Mariette et al[90]

n

Total
dose
(Gy)

47
41
143
139
30
26
58
55
175
188
41
45
35
34
51
50
47
50
128
128
97
98

BP + 35 + surg
Surgery
P + 37 + surg
Surgery
PF + 50.4 + surg
Surgery
PF + 40 + surg
Surgery
Carbo/tax + 41 + surg
Surgery
PF + 20 (split) + surg
Surgery
PF + 20 + surg
Surgery
PF + 45.6 (bid) +surg
Surgery
PF + 45 +surg
Surgery
PF + 35 + surg
Surgery
PF + 45 + surg
Surgery

5-yr
survival,
%
11.5 (3 yr)
9.5 (3 yr)
9
39
16
32 (3 yr)
6 (3 yr)
59 (3 yr)
48 (3 yr)
19 (3 yr)
14 (3 yr)
24
10
49 (3 yr)
51 (3 yr)
30 (3 yr)
16 (3 yr)
17
13
NR

Median
survival
(mo)
8
7
19
19
54
21
16
11
49
26
10
10
10
7
28
27
17
18
22
19
32
44

P

Criticism

NS

Unconventional chemotherapy and low dose RT

NS

Split course RT and unconventional chemo schedule

value

< 0.001 Only 56 of 475 planned patients entered
< 0.05

Only 6% 5 yr survival benefit with surgery alone

< 0.001 Only 41 Gy RT
NS
NS

Only some patients received split course radiotherapy
chemotherapy
Low dose RT

NS

1.2 Gy bid radiation

NS

15% survival benefit but not statistically significant

NS

Only 35 by radiation delivered

0.66

TI-2 only, Hi postoperative mortality c CRT

P: Cisplatin; BP: Bleomycin and cisplatin; NS: Not significant; PF: Cisplatin and 5-fluorouracil; AC: Adenocarcinoma; SCC: Squamous cell carcinoma; NR:
Not reported; NS: Not significant; RT: Radiation; CRT: Chemoradiotherapy.

With a median follow-up of 32 mo patients who received chemoradiation had a significant benefit in 3-year
survival (59% vs 48%, P = 0.011). There was also an increase in (RO) resection rates 67% vs 92%, 0.002 favoring chemoradiotherapy[63].
Given the contradictory and inconclusive results in
many of the trials evaluating neoadjuvant multimodality
treatment based on disparate study populations, differing histology, differing chemotherapy and radiotherapy
doses and regimens, and small numbers of patients, data
have been pooled in an effort to synthesize the data into
larger numbers to discover if a survival benefit exists[64].
The first meta-analysis published by Urschel et al [65],
included nine randomized controlled trials and 1116

WJG|www.wjgnet.com

patients. A trend toward 3-year survival improvement
favoring neoadjuvant chemoradiotherapy was noted with
the most pronounced effect with concurrent chemoradiotherapy as compared to a sequential approach. There
was a decreased risk of local-regional recurrence but
concerning trend toward increased treatment mortality
with multimodality treatment. There was no difference
in the risk of distant recurrence. Fiorica et al[66] noted
an improvement in patients who received neoadjuvant
chemoradiotherapy. Gebski et al[27] also evaluated neoadjuvant chemotherapy and chemoradiotherapy compared
to surgery alone in a meta-analysis. This recent metaanalysis evaluated 1209 patients with both adenocarcinoma and squamous cell carcinoma of the esophagus in
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ten trials. A statistically significant benefit was noted with
neoadjuvant chemoradiotherapy compared to surgery
alone with a 19% decrease in the risk of death corresponding to a 13% absolute difference in 2 year survival.
An absolute survival benefit of 7% was noted for neoadjuvant chemotherapy as compared to surgery alone.
The Preoperative Chemotherapy or Radiochemotherapy
in Esophagogastric Adenocarcinoma Trial (POET) attempted to determine in a prospective, randomized
fashion if neoadjuvant concurrent chemoradiotherapy
is more beneficial then perioperative chemotherapy[67].
There was a trend toward improved pathologic complete
response with neoadjuvant chemoradiotherapy but the
study was closed early due to lack of accrual[67]. Given
these data, we plan neoadjuvant chemoradiotherapy in
our eligible patients.

esophageal squamous cell cancer who have a complete
clinical response. Patients with adenocarcinoma continue
to require surgical resection as these studies only evaluate patients with squamous cell cancer and studies to address adenocarcinoma have not been done.

DO PATIENTS WHO HAVE SURGERY
BENEFIT FROM ADJUVANT TREATMENT?
In an effort to address locally advanced gastric and GE
junction cancers adjuvant chemoradiotherapy was evaluated (MacDonald)[70]. This trial (INT 0116) enrolled 556
patients with gastric and GE junction (approximately
20%) adenocarcinoma. Patients were randomized to surgery alone or surgery followed by adjuvant leucovorinmodulated fluorouracil with concurrent radiation (45 Gy)
in cycle 2 of 4 total cycles. There was an improvement in
median overall survival with adjuvant therapy 36 mo vs
27 mo in the observation group (P = 0.005)[70]. Treatment
related toxicity prevented completion of the treatment
in 17% of patients[70]. There are no data evaluating the
utility of adjuvant therapy in patients with more proximal
esophageal tumors. At our institution, we plan neoadjuvant chemoradiation in locally advanced esophageal cancer patients. If following surgery, the pathology upstages
the cancer, we plan for adjuvant treatment only in cancers
of the GE junction.

DO PATIENTS WHO UNDERGO
CHEMORADIATION BENEFIT FROM
SURGERY?
Two randomized trials examine whether surgery is necessary after chemoradiation. In the FFCD 9102 trial, 445
patients with clinically resectable T3-4N0-1M0 squamous cell carcinoma of the esophagus received initial
chemoradiation[68]. Patients initially received 2 cycles of
5-fluorouracil (5-FU), cisplatin, and concurrent radiation
(either 46 Gy at 2 Gy/d or split course 15 Gy weeks
1 and 3[68]). The 259 patients who had at least a partial
response were then randomized to surgery vs additional
chemoradiation which included 3 cycles of 5-FU, cisplatin, and concurrent radiation (either 20 Gy at 2 Gy/d or
split course 15 Gy). There was no significant difference
in 2-year survival (34% vs 40%, P = 0.56) or median
survival (18 mo vs 19 mo) in patients who underwent
surgery vs additional chemoradiation. These data suggest
that for patients who initially respond to chemoradiation, they should complete chemoradiation rather than
stop and undergo surgery. The German Oesophageal
Cancer Study Group compared preoperative chemoradiation followed by surgery vs chemoradiation alone[69].
In this trial, 172 patients < 70 years old with uT3-4N01M0 squamous cell cancers of the esophagus were
randomized to preoperative therapy (3 cycles of 5-FU,
leucovorin, etoposide, and cisplatin, followed by concurrent etoposide, cisplatin, plus 40 Gy) followed by surgery
vs chemoradiation alone (the same chemotherapy but the
radiation dose was increased to 60-65 Gy +/- brachytherapy). In patients who underwent surgical resection,
35% had complete pathologic response and 33% had no
evidence of lymph node involvement following neoadjuvant therapy[69]. Despite a decrease in 2-year local failure
(36% vs 58%, P = 0.003) there was no statistically significant difference in 3-year survival (31% vs 24%) for those
who were randomized to preoperative chemoradiation
followed by surgery vs chemoradiation alone. The practice at our institution is to closely observe patients with
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WHAT IS OUR PRACTICE AND
RATIONALE?
In summary, although there is good rationale for its use, it
is not clear that the combination of surgery and chemoradiation regardless of the sequence, improves the survival results of either treatment alone. The survival benefit is
likely to be 5%-10% with multimodality therapy. Currently, the standard of care in treatment of locally advanced
tumors at our institution is to place patients on neoadjuvant chemoradiotherapy provided that it is feasible. We
take into account the tumor location, size of the radiation
field, comorbidities, and performance status in determining what the best multimodality approach is. There are
many institutions, especially in Europe, who use neoadjuvant chemotherapy only. It is our practice to use neoadjuvant chemoradiotherapy because of the findings of the
CALGB 9781, Walsh study, multiple meta-analysis and
more recently the POET study[27,61,62,67]. The Gebski metaanalysis quoted a 13% absolute benefit in 2 year survival
with neoadjuvant chemoradiotherapy and a 7% absolute
benefit with neoadjuvant chemotherapy[27]. This is almost
a doubling of the benefit conferred with perioperative
chemotherapy alone. Additionally, the POET study, the
only study which compares neoadjuvant chemotherapy
to neoadjuvant chemoradiotherapy demonstrates a trend
toward increased pathologic complete response at resection and survival with neoadjuvant chemoradiotherapy[67].
This study was performed in patients with GE junction
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tumors and was closed early due to poor recruitment.
Additionally, we feel surgery may not be required
in patients with esophageal squamous cell carcinoma
provided they have a complete response to neoadjuvant
therapy. Given that squamous cell carcinomas often recur locally, observation alone may be acceptable in this
small group of patients. For those patients who have adenocarcinoma, we feel resection is still standard of care.

one additional patient is not ideal, yet these odds must
be discussed with a patient who is felt to be medically fit
to withstand an esophagectomy[64]. Additionally, patients
will often question about adjuvant therapy. While appropriate, in patients who have GE junction tumors only
this is poorly tolerated post surgically, involves a larger
radiation field, and radiation doses are lower[70]. Hence,
our recommendations in the locally advanced resectable
patient remain neoadjuvant chemoradiotherapy followed
by esophagectomy. How targeted therapies will affect
our approach in locally advanced esophageal carcinoma
and is currently under investigation[73,76]. Additionally,
studies arrived at neoadjuvant concurrent chemoradiation regimens based on PET response to induction chemotherapy are underway.

WHAT IS BEING EVALUATED
CURRENTLY IN ESOPHAGEAL CANCER?
Despite improvements noted with multimodality treatment in esophageal cancer, cure rates are consistently
dismal[27]. With new interest in targeted agents in cancer
demonstrating benefit in malignancies of the head and
neck, breast, lung, colon and pancreas have generated
evaluation in the esophagus [71-73]. Multiple molecular
pathways have been evaluated at the molecular level with
potential targets in esophageal cancer including cyclin
dependent kinases, nuclear factor κ, matrix metalloproteinases, inhibition of cyclooxygenase-2, c-MET (a protooncogene that encodes a protein known as hepatocyte
growth factor), epidermal growth factor receptor (EGFR)
and vascular endothelial growth factor[72].
Over-expression of EGFR proteins may occur in
30%-70% of both adenocarcinoma and squamous cell
carcinoma of the esophagus. Over-expression is associated with increased aggressiveness of the malignancy
and poor prognosis[74-76]. Clinical trials have been initiated
trying to take advantage of this protein. The Southwest
Oncology Group initially targeted this protein by using
single agent cetuximab as a second-line therapy with
discouraging results[77]. More recent studies have evaluated cetuximab or other monoclonal EGFR antibodies
with chemotherapy appear to be more promising[78-80].
Recently, EGFR-2 (Her-2-neu) has also been evaluated
in gastric and esophageal cancers over expressing human
EGFR-2 HER2 (ToGA trial) with promising results[81].
These targeted agents are currently undergoing evaluation in a multimodality setting with chemoradiotherapy.
Safran et al[82] have evaluated 57 patients with esophageal
cancer with weekly carboplatin, paclitaxel, cetuximab,
and concurrent radiation (50.4 Gy). Complete clinical
response was achieved in 70% of patients. Forty-nine of
patients went on to surgery with a pathologic complete
response rate of 27%. The RTOG 0436 is an ongoing
phase Ⅲ trial evaluating weekly carboplatin, paclitaxel,
and concurrent radiation with or without cetuximab in
locally advanced inoperable patients. Additionally, given
the results on the ToGA trial trastuzumab is currently
under investigation with cisplatin, paclitaxel, and concurrent radiation for locally-advanced, HER2 overexpressing adenocarcinoma of the esophagus[83].
Survival benefits of neoadjuvant therapy appear
small, but is should be noted this is similar to other treatments for other lethal malignancies[84]. The need to treat
approximately 8 patients with a toxic regimen to cure
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Abstract
Large comparative studies and multiple prospective
randomized control trials (RCTs) have reported equivalence in short and long-term outcomes between the
open and laparoscopic approaches for the surgical
treatment of colon cancer which has heralded widespread acceptance for laparoscopic resection of colon
cancer. In contrast, laparoscopic total mesorectal excision (TME) for the treatment of rectal cancer has been
welcomed with significantly less enthusiasm. While it
is likely that patients with rectal cancer will experience
the same benefits of early recovery and decreased
postoperative pain from the laparoscopic approach,
whether the same oncologic clearance, specifically an
adequate TME can be obtained is of concern. The aim
of the current study is to review the current level of
evidence in the literature on laparoscopic rectal cancer surgery with regard to short-term and long-term
oncologic outcomes. The data from 8 RCTs, 3 metaanalyses, and 2 Cochrane Database of Systematic Reviews was reviewed. Current data suggests that laparoscopic rectal cancer resection may benefit patients
with reduced blood loss, earlier return of bowel function, and shorter hospital length of stay. Concerns that
laparoscopic rectal cancer surgery compromises shortterm oncologic outcomes including number of lymph
nodes retrieved and circumferential resection margin
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INTRODUCTION
Laparoscopic colon resection was introduced in 1991[1,2].
Concern for port site metastasis and inadequate oncologic clearance initially hampered its adoption in the
treatment of colon and rectal malignancy[3-6]. However,
recently large comparative studies and multiple prospective randomized control trials (RCTs) have reported
equivalence in resection margin, lymph node collection,
tumor recurrence, postoperative complications, and
long-term outcomes between open and laparoscopic
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resection for colon cancer[7-12]. In addition, these studies
demonstrated earlier recovery of bowel function, less
postoperative pain, and decreased hospital stay with the
laparoscopic approach which has heralded widespread
acceptance for laparoscopic resection of colon cancer[8,9,13-16]. In contrast, laparoscopic total mesorectal excision (TME) for the treatment of rectal cancer has been
welcomed with significantly less enthusiasm.
While it is likely that patients with rectal cancer will
experience the same benefits of early recovery and
decreased postoperative pain from the laparoscopic approach, whether the same oncologic clearance, specifically an adequate TME can be obtained is of concern[17-23].
Involvement of the circumferential resection margin
(CRM) after TME is a prognostic factor for local recurrence[24-28]. Marijnen et al[29] found that in the Dutch Rectal Cancer Trial, 13.1% of patients with a positive CRM
developed a local recurrence within 2 years of followup, whereas patients with a margin > 2 mm had a local
recurrence rate of 3.3% at 2 years (P < 0.0001). Postoperative radiation did not lead to a reduction in the local recurrence rate (17.3% vs 15.7% local recurrence in
patients with CRM < 1 mm with and without adjuvant
radiotherapy respectively, P = 0.98)[29]. In addition, preoperative radiotherapy had no significant effect on the
prevention of local recurrence in patients with positive
CRM (9.3% in the irradiated group vs 16.4% in the surgery alone group, P = 0.08) highlighting the importance
of adequate surgery. In conventional open resection of
rectal cancer, considerable variation between surgeons in
oncologic outcomes has been demonstrated[30]. Differences in local recurrence and disease-free survival may
be amplified by the technical challenges of laparoscopic
proctectomy. While, the laparoscopic approach provides
a magnified view compared to open surgery, TME and
autonomic nerve preservation which are prerequisites
for satisfactory oncologic and functional results require
significant laparoscopic expertise[31]. A number of studies have reported on the safety and feasibility of laparoscopic low anterior resection (LAR) and abdominoperineal resection (APR) with TME but there is no level
one evidence supporting laparoscopic TME in terms of
oncologic outcomes[19,20,32-36]. The aim of this study is to
provide a systematic review of the short-term and longterm oncologic outcomes of laparoscopic rectal cancer
resection.

Study designs included prospective RCTs, metaanalyses, and Cochrane Database of Systematic Reviews.
Studies were included if short-term outcomes, morbidity and mortality, or oncologic data specifically, recurrence rates, number of lymph nodes retrieved, margin
status, and overall survival for patients undergoing curative laparoscopic rectal cancer resection were reported.
When more than one trial containing overlapping patient
inclusion periods and data was reported from the same
institution, the most recent publication was included.
Studies were excluded if they (1) reported both colonic
and rectal outcomes, but did not analyze rectal cancer
outcomes individually; (2) were non-randomized comparative trials, descriptive trials, or case reports; (3) were
not published in the English language; and (4) reported
on patients undergoing palliative treatment (non-curative
surgical intent).
The majority of data on laparoscopic resection for
rectal cancer come from non-randomized comparative
and descriptive studies. The literature review yielded a
total of 79 studies published in the English language
from 1993 to 2010. Sixty-five studies were excluded
because they were non-randomized comparative trials
or descriptive trials. One meta-analysis was excluded because individual studies were not analyzed according to
the site of disease or the type of resection. The remaining 2 Cochrane reviews, 3 meta-analyses, and 8 RCTs
comparing laparoscopic vs open TME for rectal cancer
form the basis of this review. When assessing the data
on laparoscopic resection of rectal cancer it is important
to remember that results may vary greatly based on level
of the tumor, APR vs LAR, use of neoadjuvant chemoradiation, and completeness of TME.

OUTCOMES OF INTEREST
Intraoperative outcomes include: duration of operation, blood loss, length of incision, and conversion rate.
Short-terms parameters of interest include: early postoperative complications (hemorrhage, anastomotic
leak, wound complications, chest infection, prolonged
ileus, incidence of pulmonary embolism or deep vein
thrombosis, and urinary infection/retention), and mortality. Oncologic outcomes reviewed include: number of
lymph nodes retrieved, margin status, completeness of
TME, local recurrence, and overall survival.
Intraoperative results
The proven benefits of laparoscopy noted in colon
cancer surgery including decreased intraoperative blood
loss, smaller length of incision, less postoperative pain,
faster recovery of intestinal function, and shorter length
of hospital stay likely also apply to rectal cancer surgery[37]. In RCTs (Table 1) the mean operative time for
open surgical resection of rectal cancer ranged from 106
to 284 min compared to 120 to 245 min for laparoscopic
resection (Table 2). As expected, duration of operation
was significantly longer in the laparoscopic group com-

DATA SOURCE
Peer-reviewed papers published on laparoscopic rectal
cancer resection were found by searching the following
terms in the Ovid Medline, PubMed, and Cochrane Database of Systematic Reviews from 1993 to 2010: “laparoscopy”, “laparoscopic surgery”, and “rectal cancer”.
Review articles found using the search terms “colon cancer” or “rectal cancer” and “laparoscopy” were also reviewed to find pertinent articles. All relevant articles were
assessed and inclusion and exclusion criteria applied.
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Table 1 Patient characteristics from randomized control trials
Ref.

Patients

Kang et al[40]
Ng et al[45]
Lujan et al[31]
Ng et al[39]
Guillou et al[7]/Jayne et al[12]
Braga et al[38]
Zhou et al[35]
Araujo et al[34]

M/F

Total

Open

Lap

Open

340
153
204
99
343
168
171
28

170
77
103
48
113
85
89
15

170
76
101
51
230
83
82
13

110/60
48/29
64/39
30/18
NA
64/21
43/46
10/5

BMI
Lap

Age (yr)

Open

Lap

Open

110/60
24.1 (3.2)
24.1 (3.2)
37/39
NA
NA
62/39
NA
NA
31/20
NA
NA
NA
26 (4)
25 (4)
55/28
NA
NA
46/36
NA
NA
9/4
25.6 (17.1-38.5) 23.5 (21.7-24.6)

59.1 (9.9)
65.7 (12)
66.0 (9.9)
63.5 (12.6)
69 (12)
65.3 (10.3)
45 (30-81)
56.4 (24-78)

% Pre-op ChemoRT
Lap

Open

Lap

57.8 (11.1)
100
100
66.5 (11.9)
NA
NA
67.8 (12.9)
74.8
72.3
63.7 (11.8)
0
0
69 (11)
NA
NA
62.8 (12.6)
14.1
16.9
44 (26-85)
NA
NA
59.1 (31-75) 15 (100%) 13 (100%)

BMI: Body mass index; ChemoRT: Chemoradiation.

Table 2 Intraoperative characteristics of patients from randomized control trials
Ref.

Number of patients (%)
Total

Open

Conv %

Open

Total

LAR

APR

Total

LAR

APR

Kang et al[40]

340

170

153

77

Lujan et al[31]

204

103

99

48

Guillou et al[7]/ 343
Jayne et al[12]
Braga et al[38]
168

113

24
(14.1)
0
(0)
22
(21.4)
48
(100)
34
(30.1)
11
(12.9)
0
(0)
15
(100)

170

Ng eet al[45]

146
(75.9)
77
(100)
81
(78.6)
0
(0)
79
(69.9)
74
(87.1)
89
(100)
0
(0)

151
(88.8)
76
(100)
77
(76.2)
0
(0)
167
(72.6)
76
(92)
82
(100)
0
(0)

19
(11.2)
0
(0)
24
(23.8)
51
(100)
63
(27.4)
7
(84)
0
(0)
13
(100)

Ng et al[39]

Zhou et al[35]
Araujo et al[34]

85

171

89

28

15

Op time (min)

Lap

76
101
51
230
83
82
13

1.2
30.3
7.9
9.8
34
7.2
NA
0

Lap

Blood loss (mL)
Open

Lap

Length of incision (cm)
Open

197.0
244.9
217.5
200.0
20.0
(62.9)
(75.4)a
(150.0-400.0) (100.0-300.0)a (18.0-23.0)
154.0
213.1
337.3
280.0
NA
(70.3)
(59.3)a
(0-2542)
(0-3000)
172.9
193.7
234.2
127.8
NA
(59.4)
(45.1)a
(± 174.3)
(± 113.3)a
163.7
213.5
555.6
321.7
(43.4)
(46.2)a
(0-4720)
(0-3000)
180
135
NA
NA
22
(135-220) (100-180)
(18-29)
209
262
396
213
19.1
(72)
(72)a
(50-1600)
(50-1600)a
(± 3.1)
106
120
92
20
NA
(80-230) (110-220)a
(50-200)
(5-120)a
284
228a
NA
NA
NA

Lap
5.0
(4.5-6.0)
NS
NA

10
(6-17)
5.8
(± 0.8)a
NA
NA

Conv: Conversion rate; LAR: Low anterior resection; APR: Abdominoperineal resection; NA: Not available. aP < 0.05 vs Open.

pared to the open group in 6 of the 8 RCTs[7,22,31,38-40].
Similar results were reported in RCTs of open vs laparoscopic resection for colon cancer. Zhou et al[35] reported
both shorter open and laparoscopic operative times
compared to other trials with no significant difference
between the two operative approaches (120 min vs 106
min for laparoscopic vs open resection respectively, P
= 0.051). However, no details were provided on tumor
stage, conversion rate, or whether the analysis was performed on an intent-to-treat basis. Araujo et al[34] was the
only RCT to demonstrate significantly shorter operative
times with laparoscopic compared to open resection (228
min vs 284 min respectively, P = 0.04). However, they
attributed these results to fact that the surgical team performing laparoscopic APR was the same whereas open
APR was often performed by different surgical teams. In
addition, extraction of the specimen from the perineum
likely decreased operative time because there was not an
abdominal incision to close.
Two meta-analyses included operative time as an outcome of interest. Aziz et al[41] included 22 studies compar-

WJG|www.wjgnet.com

ing laparoscopic vs open rectal cancer resection in 2071
patients and found that operative time was significantly
increased with the laparoscopic group as compared to
the open group with a weighted mean difference (WMD)
of 40.18 (95% CI, 26.46-56.13). Gao et al[42] performed a
meta-analysis of short-term outcomes after laparoscopic
resection for rectal cancer based on 11 studies and included 643 patients which reported no difference in operating time between open and laparoscopic approaches
with a WMD of 1.59 (1.2-1.98).
Intraoperative blood loss was significantly less for the
laparoscopic group compared to the open group in 4 of
6 RCTs and ranged from 20 mL to 321.7 mL and from
92 mL to 555.6 mL in the laparoscopic and open groups
respectively (Table 2)[31,35,38,40]. Araujo et al[34] did not specifically report on the amount of intraoperative blood
loss but there was no statistically significant difference in
the need for blood transfusions between the two groups
which was attributed to the fact that in an APR the majority of blood loss occurs during the perineal portion of
the case which is the same regardless of surgical access.
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version as evidenced by the fact that the overall rate of
conversion dropped by year of study from 38% in year
one to 16% in year six. However, consistent with several
non-randomized reports, in the CLASICC trial patients
converted to open resection had a higher operative mortality compared to patients in the laparoscopic or open
groups (9% vs 1% vs 5% respectively)[7]. Conversion was
also associated with worse oncologic outcomes in nonrandomized comparative and descriptive studies[46].

Table 3 Short-term oncologic outcomes of patients from
randomized control trials
Ref.

LN
Open

Positive margin
(CRM/distal) (%)
Lap

Kang et al[40]
18 (13-24)
17 (12-22)
Ng eet al[45]
12 (7)
11.5 (7.9)
Lujan et al[31]
11.57 (5.10) 13.63 (6.26)a
Ng et al[39]
13.0 (7)
12.4 (6.7)
Guillou et al[7]/
NA
NA
Jayne et al[12]
Braga et al[38]
13.6 (6.9)
12.7 (7.3)
Zhou et al[35]
NA
NA
Araujo et al[34]
11.9
5.5a

Open

Lap

7 (4.1)/NA
1 (1.3)/NA
3 (2.9)/0
2 (4.2)/NA
(14)/NA

5 (2.9)/NA
2 (2.6)/NA
4 (4.0)/0
3 (5.9)/NA
(16)/NA

2 (2.4)/0
NA
NA

1 (1.2)/0
NA
NA

Short-term oncologic outcomes
While the number of lymph nodes retrieved can vary
based on age, gender, tumor site, use of pre-operative
radiation, and tumor grade, the extent and quality of
surgical resection can also have an impact on the number
of nodes collected and is therefore often considered a
surrogate marker of the oncologic completeness of the
resection[47-53]. The American Joint Committee on Cancer
recommends that at least 12 lymph nodes be examined
in patients with rectal cancer to confirm the absence of
nodal involvement by the tumor[54]. In addition, a number of studies have reported that the number of lymph
nodes examined may be associated with patient outcome[55,56]. Six of the 8 RCTs reported the mean number of lymph nodes retrieved with a range of 5.5 to 17
nodes in the laparoscopic group compared to 11.6 to 18
nodes in the open group (Table 3)[22,31,34,38-40]. In 4 of the
6 trials the number of lymph nodes isolated was not significantly different based on surgical approach. Araujo et
al[34] reported a significantly lower yield of lymph nodes
with laparoscopic rectal resection compared to open resection (5.5 vs 11.9 respectively, P = 0.04). However, the
number of lymph nodes obtained in the study by Lujan
et al[31] was higher in the laparoscopic group (13.63 vs
11.57 in the laparoscopic vs open approach respectively,
P = 0.026). They suggested that laparoscopy offered
better dissection and accuracy due to better visualization
and exposure of structures with less manipulation of
the mesorectum especially in a narrow pelvis. Four of
the 8 RCTs reported the use of pre-operative chemoradiation. In these trials, the mean number of lymph
nodes retrieved ranged from 5.5 to 17 nodes in the laparoscopic group and from 11.6 to 18 nodes in the open
group[31,34,38,40]. Anderson et al[57] found that in the 17 trials that reported the number of lymph nodes retrieved,
the mean number of nodes was 10 for the laparoscopic
group and 12 for the open group (P = 0.001) with the
majority of trials reporting a median of 11 or fewer
nodes obtained. In 9 of these 17 trials, both groups were
treated with preoperative radiation therapy and reported
a mean of 10 lymph nodes harvested in the laparoscopic
group and 11 in the open group.
One of the greatest concerns of laparoscopic TME
is that obtaining a complete oncologic resection will be
more difficult. Involvement of the circumferential or
distal margin is one of the most important prognostic
factors in rectal resection with TME and can lead to an
increase in local recurrence and a reduction in survival.
Radial margins of less than 2 mm are associated with

LN: Lymph nodes; CRM: Circumferential resection margin; NA: Not available. aP < 0.05 vs Open.

A recent Cochrane review by Breukink et al[43] evaluating
the safety and efficacy of elective laparoscopic TME for
the resection of rectal cancer found that in the majority
of studies blood loss was reduced with the laparoscopic
approach although this did not translate to fewer blood
transfusions. Length of incision was measured in 3 of 8
RCTs and ranged from an average of 5 cm to 10 cm with
the laparoscopic approach compared to an average of
19.1 cm to 22 cm with the open approach (Table 2)[7,38,40].
Seven of the 8 trials reported a conversion rate
which ranged from 0%-34% (Table 2)[7,12,22,31,34,38-40]. Conversion to the open approach was commonly defined
as length of incision greater than the size needed for
tumor extraction or premature abdominal incision to
allow improved mobilization. In the majority of studies conversion to open surgery was required because of
local tumor invasion or difficult dissection in a narrow
pelvis although bulky tumor, dilated small bowel, dense
adhesions, bleeding, rectal perforation, difficulty mobilizing the splenic flexure, failure to identify or injury to
the ureter, ischemia of the descending colon, and anastomotic failure were also cited. Breukink et al[44] reported
that 36 of 48 studies assessed conversion and showed a
highly variable rate ranging from 0% to 33%. However,
they report that the lack of consensus in the definition
made results difficult to interpret. In addition, surgeon
experience and patient selection criteria were often not
mentioned.
Two trials reported particularly high rates of conversion. Ng et al[45] had a conversion rate of 30.3% but
they did not routinely perform preoperative staging with
computed tomography scans and therefore frequently
converted after diagnostic laparoscopy. Twelve of the 23
patients randomized to laparoscopic surgery were converted to open due to local tumor invasion, bulky tumor,
or dilated small bowel which may have been recognized
by preoperative imaging. In the CLASICC trial the conversion rate for laparoscopic resection of rectal cancer
was reported at 34% and attributed to excessive tumor
fixation and uncertainty of tumor clearance[7]. Surgeon
learning curve may account for this high rate of con-
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Table 4 Short-term outcomes of patients in randomized control trial
Ref.

Length of stay
(d)
Open

Kang et al[40]
Ng eet al[45]
Lujan et al[31]
Ng et al[39]
Guillou et al[7]/
Jayne et al[12]
Braga et al[38]
Zhou et al[35]
Araujo et al[34]

Anastomotic leak
(%)

Lap

Open

9 (8-12)
8 (7-12)
0
10.0 (3-39) 8.4 (2-32)a 4 (5.2)
9.9 (6.8)
8.2 (7.3) 10 (12)
11.5 (5-38) 10.8 (5-27)
NA
13 (9-18)
11 (9-15) 9 (7)
13.6 (6-80)
13.3 (3.4)
< 10.5

10 (6-27)a 9 (10.6)
8.1 (3.1)a 3 (3.4)
10.5
NA

Lap
2 (1.2)
1 (1.3)
5 (6)
NA
26 (10)
8 (9.6)
1 (1.2)
NA

Wound infection
(%)
Open

Lap

11 (6.5)
2 (1.2)a
9 (11.7) 5 (6.6)
2 (1.9)
0 (0)
4 (8.3)
0 (0)
15 (12)
33 (13)
13 (15.3)
NA
NA

6 (7.2)
NA
NA

Ileus
(%)
Open

Pain/PCA use (mg) or
(number of shots)
Lap

22 (12.9) 17 (10)
2 (2.6)
1 (1.3)
8 (7.8)
6 (5.9)
2 (4.2)
1 (2.0)
NA
NA
2 (2.3)
NA
NA

2 (2.4)
NA
NA

Open

Lap

Mortality
Open

Lap

156.9 (117.0-185.2) 107.2 (80.0-150.0)
0
0
8.3 (0-49)
4.9 (0-23)a
3 (3.9) 2 (2.6)
NA
NA
3 (2.9) 2 (1.9)
11.4 (0-49)
6.0 (0-47)a
1 (2.8) 1 (2.5)
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA

1 (1.2) 1 (1.2)
0 (0)
0 (0)

PCA: Patient controlled analgesia; NA: Not available. aP < 0.05 vs Open.

a local recurrence rate of 16% compared to a significantly reduced local recurrence rate of 6% with margins
greater than 2 mm[27]. Six of the 8 RCTs reported the
involvement of the CRM and no difference was found
by surgical approach (Table 3)[7,31,38-40,45]. In the majority
of trials the rate of CRM involvement was less than 5%.
Patients with positive radial margins often had tumor invading the pelvic side wall or adjacent structure and were
frequently converted from a laparoscopic to an open
procedure[39]. In the CLASICC study, the only multicenter trial, a positive CRM was identified in 14 of 97
(14%) patients with open surgery and in 30 of 193 (16%)
patients with laparoscopic rectal resection (P = 0.8)[7].
Of patients undergoing anterior resection, the CRM was
positive in 16 of 129 (12%) individuals in the laparoscopic group and in 4 of 64 (6%) individuals in the open
group (P = 0.19). While there is a non-significant higher
positivity of the CRM in the laparoscopic anterior resection group, this is once again likely due to the fact that
the learning curve was not completed before the start of
this study. Two RCTs reported on distal margin status
and the incidence of distal margin positivity was not significantly different between the two surgical approaches
and in fact was 0%[31,38]. All 3 meta-analyses and the Cochrane review by Breukink et al[44] found no difference in
positive margins based on surgical access.

movements and diet advancement was reported with the
laparoscopic approach. The return of bowel function
and reduction in wound pain was thought to contribute
to earlier discharge after laparoscopic surgery. While in a
majority of trials, the length of stay was not significantly
different between surgical approaches, there was a trend
toward decreased length of stay with laparoscopic rectal
surgery. Breukink et al[58] found that laparoscopic TME
resulted in earlier return of normal diet, less pain, less
narcotic use and a shorter hospital stay.
Complications: Rectal cancer surgery is associated with
a high rate of morbidity and mortality. Post-operative
mortality in RCTs ranged from 1%-4% and demonstrated no statistically significant difference based on
surgical approach (Table 4). The rate of post-operative
complications ranged from 6% to 69% and with the
exception of Zhou et al[35] did not differ significantly between laparoscopic and open groups. Wound infection
and urinary tract infection accounted for the majority of
perioperative complications in both groups. There was a
higher incidence of wound infection with the open approach however this did not reach statistical significance.
Breukink et al[58] found no difference in morbidity between the laparoscopic and open groups although there
was a trend toward lower morbidity with laparoscopic
TME. Aziz et al[41] found no difference in perioperative
morbidity between the 2 groups while Gao et al[42] found
that the overall morbidity rate of the laparoscopic group
was significantly lower than that of the open group.
Anastomotic leak is the most serious complication
after sphincter sparing rectal cancer resection especially
with neoadjuvant chemoradiation. In addition, development of an anastomotic leak is reported to be associated
with decreased long-term survival and higher rates of
local recurrence after curative resection for colorectal
cancer[59-63]. Operative expertise and selective diversion in
high risk patients has resulted in a anastomotic leak rate
of 1%-17% in most published series studying laparoscopic resection for rectal cancer[46,64,65]. Consistent with
reports from non-randomized comparative trials, RCTs
demonstrated no significant difference in the incidence

Postoperative course: Less postoperative pain, faster
recovery of intestinal function, and shorter length of
stay are important benefits of laparoscopic colorectal
surgery. Only 3 of 8 RCTs compared the exact amount
of post-operative pain medication and 2 of these studies
reported a significant reduction in analgesic use in the
laparoscopic group (Table 4)[39,40,45]. Zhou et al[35] did not
quantify the exact usage of pain medication, but found
no significant difference in the number of days parental
analgesics were necessary (4.1 vs 3.9 in the open and
laparoscopic groups respectively, P = 0.225).
Resumption of bowel function was usually reported
on post-operative days 3 to 5 and ability to tolerate a
solid food diet was reported on post-operative days 3
to 6[7,31,35,39,40,45]. In the majority of RCTs earlier bowel
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Table 5 Long-term oncologic outcomes of patients in randomized control trials
Ref.

Mean F/U (mo)
[40]

Kang et al
Ng eet al[45]
Lujan et al[31]
Ng et al[39]
Guillou et al[7]/Jayne et al[12]
Braga et al[38]
Zhou et al[35]
Araujo et al[34]

LR (%)

DFS (%)

OS (%)

Open

Lap

Open

Lap

Open

Lap

Open

Lap

NA
108.8 (69.8-168.7)
34.1 (20)
90.1 (27.0-145.5)
36.8 (20.0-61.5)
53.6
1.0-16.0
47.2

NA
112.5 (71.1-168.3)
32.8 (18.9)
87.2 (22.8-150.0)
36.8 (20.0-61.5)
53.6
1.0-16.0
47.2

NA
7.1
5.3
11.1
10.1
5.2
NA
13.3

NA
4.9
4.8
5
9.7
4
NA
0

NA
80.4 (5.1)
81
73.6 (8.1)
70.4/46.9
NA
NA
NA

NA
82.9 (4.9)
84.8
78.1 (6.9)
70.9/49.8
NA
NA
NA

NA
55.1 (6.5)
75.3
76.5 (7.3)
66.7/57.7
NA
NA
NA

NA
63.9 (6.6)
42.1
75.2 (7.2)
74.6/65.2
NA
NA
NA

F/U: Follow-up; LR: Local recurrence; DFS: Disease-free survival; OS: Overall survival; NA: Not available.

the two groups (laparoscopic 20% vs open 25%, P =
0.60). Despite the higher rate of circumferential margin
positivity in patients undergoing laparoscopic anterior
resection in the CLASICC trial, there was no difference
in local recurrence, three- year overall or three-year disease free survival between the two approaches (open OS
66.7% and laparoscopic OS 74.6%, P = 0.17; open DFS
70.4% and laparoscopic DFS 70.9%, P = 0.72; open LR
7.0% and laparoscopic LR 7.98%, P = 0.70)[12]. In addition, there was no significant difference in the rates of
local recurrence, three-year overall survival, or three-year
disease-free survival in patients undergoing laparoscopic
vs open APR[12]. However, the sample size is small and
therefore larger studies are needed for conclusive results.
Ng et al[45] published results of a randomized trial of
laparoscopic vs open anterior resection for upper rectal
cancer with a median follow-up of 9 years. No difference in local recurrence, overall survival, or disease-free
survival was reported. Although these studies suggest
comparative oncologic outcomes between laparoscopic
and open rectal cancer resection, they include small
sample sizes and are almost all are single institution studies, highlighting the need for large, multi-center RCTs to
provide confirmatory data.
In a meta-analysis by Anderson et al[57] 18 of 24 studies reported recurrence rates. With a mean follow-up of
35 mo for both groups, overall local recurrence was not
statistically different between the 2 groups (laparoscopic
7% vs open 8%, P = NS). Eleven studies provided sufficient data to compare overall survival. Overall survival
was 72% for patients undergoing laparoscopic rectal
cancer resection and 65% for open resection at an average of 4.4 years (P = 0.5). Subset analysis by Kuhry
et al[66] demonstrated no significant difference between
laparoscopic and open rectal cancer resection in terms
of local recurrence (laparoscopic 7.2% vs open 7.8%, P
= 0.46), development of distant metastases (laparoscopic
13.5% vs open 9.1%, P = 0.60), or cancer-related mortality (laparoscopic 9% vs open 10%, P = 0.16). While, this
data is encouraging, it is no conclusive.

of anastomotic leak between the laparoscopic and open
technique for the resection of rectal cancer (Table 4).
While the incidence of perioperative morbidity was
not different based on surgical access, fewer patients had
long-term complications with laparoscopic rectal cancer
resection compared to the open approach. Adhesion
related bowel obstruction was the most common longterm morbidity. With a median follow-up of greater than
9 years, Ng et al[45] found that adhesion-related obstruction requiring hospitalization (18.9% vs 2.7%) and reoperation (6.8% vs 0%) was higher in the open group.
They report a cumulative probability of adhesion-related
bowel obstruction at 10 years of 20.5% in the open
group and 3.9% in the laparoscopic group (P = 0.001)[45].
Kuhry et al[66] performed a systematic review including 12
trials (3346 patients) to evaluate the long-term outcomes
of laparoscopically assisted vs open surgery for resectable colorectal cancer. Data on long-term complications
was not separated by site of disease but the overall occurrence of incisional hernia (7.9% vs 10.9%, P = 0.32)
and reoperation for adhesions (1.1% vs 2.5%, P = 0.30)
was not statistically difference between laparoscopic
and open resection. Long-term studies need to be done
to determine if laparoscopy decreases the incidence of
intra-abdominal adhesion formation by reduced surgical
trauma, less tissue handling, and smaller incisions.
Long-term oncologic outcomes
A number of the clinical trials were performed to determine the safety and feasibility of the laparoscopic
approach for rectal adenocarcinoma and therefore the
data we have for long-term outcomes is limited (Table
5). Braga et al[38] found no difference in local recurrence
(4.0% in the laparoscopic group vs 5.2% in the open
group, P = 0.97), overall five-year survival, or diseasefree five-year survival based on surgical approach. With a
median follow-up of 87.2 mo in the laparoscopic group
and 90.1 mo in the open group, Ng et al[39] demonstrated
that after curative resection, the probability of five-year
survival was 75.2% vs 76.5% for laparoscopic vs open
APR respectively (P = 0.20). In addition, stage-by-stage
comparison for the two groups showed no statistical difference. There were no port site recurrences and overall
recurrence rates were not significantly different between
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the short-term and long-term oncologic outcomes and
complications of laparoscopic rectal cancer resection
compared to the gold standard of conventional open
resection currently available in the literature. Due to the
heterogeneity in tumor stage, surgeon experience, and
surgical technique, descriptive and non-randomized trials
were not included in this review. However, because of
the relatively few RCTs, information on the long-term
outcomes is sparse and our conclusions are thus based
on a small number of patients. A second limitation is
that in a number of these trials data accrual started before the effectiveness of neoadjuvant therapy had been
proven and thus the majority of patients did not receive
pre-operative chemoradiation which is the current standard of care. Given these limitations, we found no difference in adequacy of oncologic resection, perioperative
morbidity, recurrence rates, overall survival, or diseasefree survival between open and laparoscopic rectal cancer resection.
In conclusion, RCTs have demonstrated that laparoscopy does not adversely affect cancer related survival in
patients with adenocarcinoma of the colon. Concerns
about the technical difficulty of TME may have contributed to the exclusion of rectal cancer patients from most
of these large multicenter RCTs resulting in little data
on oncologic outcomes with laparoscopic rectal cancer
resection.
Laparoscopic rectal dissection is technically more
demanding than open and constraints of a narrow pelvis
may result in difficulty assessing and obtaining adequate
surgical margins. However, there are several proposed
benefits of laparoscopic rectal resection. A clear and
magnified view of the pelvis provided by the improved
optics of laparoscopy may aid sharp dissection for TME
and assist in identification of vital pelvic structures
including the ureters and autonomic nerves. In addition, pneumoperitoneum may separate the parietal and
visceral fascia of the mesorectum facilitating dissection
in this plane. Laparoscopic rectal cancer resection has a
steep learning curve but increased experience with both
open and laparoscopic TME will lead to shorter operating times and decreased morbidity[67].
Current data suggests that laparoscopic rectal cancer
resection may benefit patients because of reduced blood
loss, earlier return of bowel function, and shorter hospital length of stay[68,69]. Concerns that laparoscopic rectal
cancer surgery may compromise short-term oncologic
outcomes including number of lymph nodes harvested
and CRM positivity do not appear to be supported by
the available literature. However, there is a paucity of
data concerning long-term oncologic outcomes and
complications with laparoscopic rectal cancer surgery.
There are two large, multicenter RCTs that are currently
being conducted: the COLOR Ⅱ trial in Europe and the
ACOSOG-Z6051 trial in the United States[70]. Both of
these studies are comparing the laparoscopic and open
approach for treatment of resectable rectal cancer. Results from these trials will provide information on the

WJG|www.wjgnet.com

long-term outcomes of laparoscopic rectal cancer resection and are eagerly awaited. In view of the lack of level
one data on oncologic outcomes, laparoscopic TME for
locally advanced, curable rectal cancer should only be
performed within the confines of a RCT.
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Minimally invasive approaches for the treatment of
inflammatory bowel disease
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Encouraging preliminary results have been obtained
with the adoption of laparoscopic restorative total
proctocolectomy for the treatment of ulcerative colitis.
A consensus about patients’ selection and the need for
staging has not been reached yet. Despite the lack of
conclusive evidence, a wave of enthusiasm is pushing
towards less invasive strategies, to further minimize
surgical trauma, with single incision laparoscopic surgery being the most realistic future development.
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Abstract
Despite significant improvements in medical management of inflammatory bowel disease, many of these patients still require surgery at some point in the course
of their disease. Their young age and poor general
conditions, worsened by the aggressive medical treatments, make minimally invasive approaches particularly
enticing to this patient population. However, the typical
inflammatory changes that characterize these diseases
have hindered wide diffusion of laparoscopy in this setting, currently mostly pursued in high-volume referral
centers, despite accumulating evidences in the literature supporting the benefits of minimally invasive surgery. The largest body of evidence currently available
for terminal ileal Crohn’s disease shows improved short
term outcomes after laparoscopic surgery, with prolonged operative times. For Crohn’s colitis, high quality
evidence supporting laparoscopic surgery is lacking.

WJG|www.wjgnet.com

Zoccali M, Fichera A. Minimally invasive approaches for the
treatment of inflammatory bowel disease. World J Gastroenterol
2012; 18(46): 6756-6763 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v18/i46/6756.htm DOI: http://
dx.doi.org/10.3748/wjg.v18.i46.6756

INTRODUCTION
The past 20 years have seen dramatic improvements in
the treatment of inflammatory bowel disease (IBD)[1].
Medical therapy, especially with the advent of biologics,
has significantly increased efficacy of disease control,
even if the actual reduction of the need for surgery is
still debated, and concerns have been raised about po-
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tential negative impact on postoperative outcomes[2,3].
In this setting, the introduction and implementation of
minimally invasive surgical techniques has substantially
improved outcomes and quality of life in this particularly
frail patient population[4,5]. After the first description of
laparoscopic colectomy about 20 years ago, laparoscopic
surgery slowly has gained wide acceptance for the treatment of colorectal diseases, showing several advantages
in short-term outcomes over open surgery in randomized trials and meta-analysis, with comparable safety and
long-term results[6-9]. However, the diffusion of laparoscopy for IBD is proceeding particularly cautiously, given
the magnitude of the procedures required for the most
complex cases and the difficulty in handling severely
inflamed tissues, as proven by the high conversion rates
observed even in the hands of surgeons with documented experience in IBD and laparoscopic surgery[10,11].
Cronh’s disease (CD) and ulcerative colitis (UC) represent real surgical challenges, due to thickened mesentery,
strictures, abscesses, inflammatory masses, and enteric
fistulae in CD, and intense inflammation leading to colonic distension and high risk of bleeding and accidental
perforation in UC[12,13]. The quest for further reduction
of surgical trauma is ongoing, and if the natural orifice
transluminal endoscopic surgery has unsolved issues related to the violation of uninvolved hollow viscera, costs
and specific training, single incision laparoscopic surgery
(SILS) seems to be a reasonable approach capable of
minimizing the overall trauma and extent of incisions,
with benefits in short term outcomes and cosmesis[14-17].
The aim of this article is to provide a comprehensive
review of the state of the art in minimally invasive approaches to IBD, highlighting the current standard of
care, with a glance at the most promising future directions.

handling of inflamed Crohn’s tissue is easier and safer
when an assisted method is used, while maintaining the
advantages of a minimally invasive approach[25]. The intrinsic difficulty of this surgery is further confirmed by
a study by Hamel at al[26], that showed no differences in
morbidity or conversion between the earlier and the latter
time periods of the experience, thus negating the effects
of the learning curve. Alves et al[27] looked at the risk factors of conversion in a prospective study on 69 patients
undergoing primary laparoscopic ileocecal resection,
observing a conversion rate of 30%, with recurrent CD,
intra-abdominal abscess and fistula independent risk factors on multivariate analysis. Even if minimally invasive
surgery for CD is technically complex, requiring specific
training and longer operating time[28], data in the literature
confirm the safety and efficacy of this approach in terms
of postoperative pain, cosmesis, return to normal activity,
and, more importantly, surgical recurrence rates[29]. Despite this evidence, in a recent study by Lesperance et al[30]
on 49 609 patients admitted for CD that required surgical treatment from the 2000-2004 Nationwide Inpatient
Sample, only 2826 cases (6%) underwent a laparoscopic
resection, demonstrating that the vast majority of CD patients are still undergoing open conventional surgery, with
a minimal invasive approach mostly reserved for patients
who are younger (< 35 years old), female, admitted to a
teaching hospital, with ileocecal, uncomplicated disease.
The increased adoption of the laparoscopic approach for
the treatment of CD in teaching hospitals confirms the
peculiar technical complexity of minimally invasive procedures in this setting, requiring more skilled colorectal
surgeons, as can be found in referral centers where specific laparoscopic training programs are implemented.
Terminal ileal CD
The small samples size and selection bias explain the
conflicting results in the initial published series of ileocolonic CD treated by laparoscopic surgery[28,31-34]. In
our series of selected consecutive patients with elective,
complex and even recurrent terminal ileal CD, laparoscopic patients had faster postoperative recovery - partially related to less postoperative pain and consequent
decreased need for intravenous narcotics - and similar
operating times compared to the open cohort, without
increased complication and recurrence rates, with potential overall cost savings[35]. In regards to the issue of
costs associated with laparoscopy, Young-Fadok et al[36],
in a case match study comparing 33 cases of laparoscopic ileocolic resections with 33 open, showed significantly
lower direct and indirect costs in the laparoscopic group.
The strongest evidence available comes from the only
two prospective randomized trials present in the literature, both conducted on small samples of highly selected
patients. Although such populations might be far from
the reality of a tertiary referral center, it is the only way
to randomize CD patients given the panintestinal, relenting nature and often unpredictable presentation of the
disease. In the trial by Maartense et al[19], patients with

CD
Approximately 70% of patients with a diagnosis of CD
will eventually require a surgical treatment, due to failure
of medical therapy, septic complications, recurrent intestinal obstruction, and malnutrition[18]. The treatment of
CD has traditionally represented a challenge even in open
surgery, with just two prospective randomized trials comparing laparoscopic vs standard approach published to
date[19,20], and with the long-term results of these studies
only recently available[21,22]. The panintestinal involvement
and inflammatory complications, along with the additional risk for postoperative complication, increased by
the aggressive medical management, make CD patients
particularly poor laparoscopic candidates[23]. Concerns
have been raised about missing occult segments of disease and critical strictures due to the lack of tactile sensation, technical difficulty due to inflamed bowel mesentery
and the presence of adhesions, fistulas, and abscesses[24].
In order to overcome this issues, some authors have advocated the use of laparoscopic-assisted or hand-assisted
laparoscopic surgery procedures, with the rationale that
an incision is needed for specimen extraction, and the
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a fixed palpable inflammatory mass, prior median laparotomy, earlier bowel resection, or pregnancy were excluded. In this study, the laparoscopic approach showed
longer median operating time, shorter hospital stay,
lower 30-d post-operative morbidity, but no differences
in quality of life, the primary endpoint of this study.
After a median follow-up of 6.7 year, there were no
differences in recurrence rate and need for reoperation
between open and laparoscopic group, with a 58% relapse free rate and no patients in the laparoscopic group
requiring a reoperation for incisional hernia or adhesive
small bowel obstruction[21]. Even if a minimal invasive
approach did not impact the overall quality of life, body
image and cosmesis scores were significantly higher after
laparoscopy[21]. These data differ from the previous observation by Thaler and colleagues, that found long-term
quality of life significantly reduced in patients with CD
compared to general healthy population, irrespective of
the surgical approach, with recurrence identified as the
only significant predictor of poor quality of life[37]. In the
other randomized trial, Milsom et al[20] included only patients with isolated Crohn’s disease of the terminal ileum
with or without cecal involvement. The results of this
study demonstrated that laparoscopy offers faster recovery of pulmonary function, fewer minor complications,
and a trend towards shorter length of stay compared
with conventional surgery, even if no differences in the
amount of morphine equivalents, return of bowel function and length of stay were found. After a mean followup of 10.5 years there were no significant differences
between groups with regard to use of medications to
treat CD and recurrence rates, both clinical and surgical.
Furthermore, two laparoscopic patients underwent lysis
of adhesions while none did in the open group, with an
incidence of incisional hernia repair of 4% in the laparoscopic group vs 14% in the open (both differences were
not statistically significant)[22]. Recently, Dasari et al[38]
conducted a meta-analysis of the aforementioned trials,
and found that laparoscopic patients had a trend towards
less wound infection and shorter hospital stay, with comparable incidence of other postoperative complications,
duration of postoperative ileus, incidence of anastomotic leak and intraabdominal abscess, 30-d reoperation
rate, and actuarial disease recurrence rates. To date, three
meta-analysis comparing laparoscopic and open surgery
for ileocolonic CD have been conducted, all demonstrating that laparoscopic surgery is associated with prolonged operative time, shorter duration of postoperative
ileus, shorter hospital stay and lower incidence of early
postoperative complications[39-41]. Other significant findings from these studies also include similar intraoperative blood loss and complications[41], with a trend toward
lower overall costs with laparoscopic surgery[39], and no
differences in the rate of disease recurrence [40]. With
regard to the long-term outcomes, the study from Washington University, comparing 63 CD patients treated
laparoscopically with 50 open ileocolic resections, found
that the two groups had a recurrence rate of 9.5% and
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24%, respectively (difference not statistically significant),
with the laparoscopic group having shorter mean followup, thus confirming the non-inferiority of the laparoscopic approach. Interestingly, 50% of the recurrences
in the laparoscopic group and 33% in the open group
were able to be retreated laparoscopically[29].
Laparoscopy in complicated/recurrent CD
In complicated CD laparoscopy is even more challenging. Seymour and Kavic analyzed their series of
17 patients managed with laparoscopic approach for
complicated CD (defined as for the presence of fistulas, multiple or long-segment disease, abscesses and
previous operations). In this study, conversion to open
procedures was not always required, but operative time
and postoperative hospital stay were longer compared
to laparoscopic ileocecal resections for uncomplicated
disease, with major complications occurring in 18% of
patients[42]. In the literature, surgical recurrence rates are
reported as high as 70% to 90%, and multiple procedures are required in more than 30%[12]. In a recent study
from France, of 62 reoperations for CD recurrence in
57 patients, 29 were performed laparoscopically. While
no differences between the two groups were observed
in terms of use of a temporary stoma, mean operating time, postoperative mortality (nil in both groups),
overall morbidity rate, severe complications, median
hospital stay, and conversion rates, a higher number of
intraoperative intestinal injuries was reported in the laparoscopic group (5 vs 0) (P = 0.01). The occurrence of
fistulizing disease was a risk factor for conversion, and
conversion did not seem to affect complication rate[43]. A
study from Japan looked at 16 laparoscopic procedures
for CD recurrence at the anastomotic site out of 61 attempted laparoscopically by experienced surgeons in 52
patients. The result of this study showed that while the
operating time was significantly longer in the recurrent
group, there were no differences in the rates of postoperative complications and hospital stay, with the repeated
laparoscopic operations performed using the same small
incision as that of the primary operation. The advantage
of a minimally invasive primary approach are supported
by the fact that the operating time was shorter and blood
loss was less in patients who underwent the primary procedure laparoscopically[44]. Finally, in the experience by
Goyer et al[45] on 54 complex CD (defined as recurrent
or complicated by abscess and/or fistula) compared with
70 patients with uncomplicated CD, the complex group
had increased operative time, conversion rates and use
of temporary stoma. Conversely, no differences were
noted in overall postoperative morbidity, including major
surgical postoperative complications and hospital stay,
leading to the conclusion that complex CD should not
be considered an absolute contraindication to a laparoscopic approach in experienced hands.
Crohn’s colitis
In contrast with the data available on minimally invasive
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surgery for terminal ileal CD, very few series have been
published on CD of the colon. The feasibility and safety
of a laparoscopic approach to subtotal colectomy for
CD was addressed by Hamel et al[46], who observed a
higher rate of intraoperative complications compared to
ileocolic resection, while hospital stay and postoperative
complication rate did not differ between the two groups.
Contrasting results come from a recent case match study
by the Cleveland Clinic group on 27 laparoscopic and 27
open cases, with a conversion rate of 26%. In this series,
laparoscopic colectomies took longer with similar blood
loss and postoperative complications, along with a trend
towards shorter time to first bowel movement and length
of stay, which became statistically significant in favor of
laparoscopy when overall length of stay included 30-d
readmissions[47]. In our own personal experience on 125
patients who underwent colectomy for CD, 44% by a
laparoscopic approach, the conversion rate was 10.9%,
median operative time, blood loss, return of bowel function and length of post-op stay were reduced in the
laparoscopic group, while postoperative complications
and disease recurrence rates were similar, suggesting that
a laparoscopic approach for CD of the colon is safe and
feasible in the hands of experienced surgeons[48].
Laparoscopy has a role also in creating diverting
stomas for severe perianal CD, reducing the number of
incisions to few trocars and the ostomy site. In a study
by Liu et al[49] on 80 patients who underwent laparoscopic stoma creation over a 10-year period (ileostomy
30, colostomy 49, conversion 1), the overall morbidity
rate was 11% with five major complications requiring reoperation, and no further stoma complications recorded
within a 1-year follow-up.

with vessel transection and rectal mobilization carried
out through a mini laparotomy[53,58-61], with the exception
of the series reported by Marcello et al[55], where a totally
laparoscopic techniques was adopted, reserving a mini
laparotomy only for specimen extraction. Subsequently,
in a study from the Netherlands, 60 patients were randomized for hand assisted or laparoscopic restorative
proctocolectomy with IPAA. The results from this study
failed to show statistically significant differences in terms
of morbidity, postoperative stay, quality of life at 3 mo
after surgery, and overall costs, but the operative time for
laparoscopy was significantly longer[62]. In a subsequent
study, Polle et al[63] observed that female patients reported
higher body image and cosmesis scores compared to
open group, while there were no differences in functional
outcome, morbidity, and overall quality of live. Similarly,
Dunker et al[59] compared 16 patients who underwent
restorative surgery with laparoscopic technique with
19 open patients. The authors found that laparoscopic
patients showed significantly higher satisfaction with
the cosmetic results and better body image, but once
again functional outcome and quality of life were similar
between groups. It seems evident, as it may have been
expected, that laparoscopic IPAA offers significant advantages over the open conventional procedure in terms
of body image and cosmesis, important factors in the
acceptance of surgery in this young patient population,
while conflicting results have been reported in terms of
postoperative recovery. Faster return of bowel function
after laparoscopy and decreased use of narcotics have
been reported by some authors, not always translating
into shorter hospital stay[57,62]. On the other hand, concerns have been raised regarding the duration of surgery
often noted to be longer than open surgery even by very
experienced laparoscopic surgeons, often resulting in
higher costs. In regards to long-term pouch function,
quality of life and complications, very few studies are
available with adequate follow-up[5,57,62,63,59]. These observations were confirmed in a Cochrane review on 607 patients from 12 studies, only one randomized, which did
not found any significant differences in complications,
readmission, reoperation rates and mortality. However,
once again, it showed that laparoscopic IPAA is associated with a significantly longer operating time, along with
the inability to confirm conclusively the presumed shortterm benefits of laparoscopy, with length of follow-up
too short for evaluating long-term outcomes[64]. Similar
results were obtained in a subsequent meta-analysis on
16 studies, only one randomized, by Wu et al[13]. Postoperative fasting time and hospital stay were shorter for
laparoscopy, and overall complication rates were higher
after open surgery. Once again, laparoscopy took significantly longer and no advantages were demonstrated
in terms of recovery of bowel function, postoperative
septic complications, anastomotic leakage, postoperative
bowel obstruction, blood loss, and mortality[13]. In our
personal experience with 73 laparoscopic IPAA with a
mean follow-up of 24 mo, the minimally invasive ap-

UC
Despite significant advances in the medical treatment of
UC, surgery remains definitive cure for these patients
after failure of medical management or diagnosis of
neoplastic degeneration[50,51]. A restorative procedure
with the creation of an ileal pouch anal anastomosis
(IPAA) is universally considered the standard of care.
The earliest reports of a laparoscopic approach to ulcerative colitis was published in 1992 by Peters et al[52], who
described the technique of laparoscopic proctocolectomy for two UC patients. The same year, Wexner and
colleagues reported the first case-controlled series on
the outcome of laparoscopic-assisted proctocolectomy
with IPAA, showing a longer operative time compared
to open procedure, and comparable postoperative ileus
and hospital stay, with no shot-term benefits in favor of
laparoscopy[53]. Since then, numerous series have been
reported both in the adult and pediatric patient populations[54-56], but only from single institutions with short
follow-ups[5,57]. Universally, these initial studies showed
that laparoscopy took longer, with the exception of the
series published by Araki et al[58]. In these studies only
the colonic mobilization was performed laparoscopically,
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proach offered a statistically significant earlier return of
flatus and resumption of diet, less intraoperative blood
loss, and lower incidence of incisional hernias compared
to 106 open IPAA, with no differences in overall complication rate, pouch function and quality of life[65].
The controversy about the safety of a single-stage
procedure has not been resolved yet. Since long-term
functional outcomes after IPAA are threatened by the
occurrence of pouch-related septic complications, every
effort should be made to reduce such complications and
to identify patients at risk for pouch-related sepsis[66].
In a study by Marcello et al[67] on 59 patients who underwent laparoscopic proctocolectomy for UC, where
only 9 patients received a diverting stoma at the primary
procedure, 9 patients, all on high dose immunosuppressors or elevated body mass index, required a secondary
ileostomy for postoperative complications. Better results were reported by Ky et al[68], with only one out 32
patients with an anastomotic leak requiring secondary
diversion after one-stage laparoscopic restorative proctocolectomy. It is hard to analyze these data since these
results can be influenced by patients’ selection; pelvic
sepsis is reported to occur in up to 23% of patients
after IPAA for UC, especially after the introduction of
biologic therapy for IBD, in most cases secondary to
an anastomotic leak[66,69-72]. In a recent study on 118 UC
patients treated with a minimally invasive approach, we
compared a 3-stage approach (laparoscopic abdominal
colectomy followed by pouch surgery with a diverting
loop ileostomy, 50 patients) with a 2-stage approach
(laparoscopy colectomy with IPAA and diverting stoma
at the initial operation, 68 patients). We observed a significant higher rate of septic complications in the 2-stage
group (38.2% vs 21%, P < 0.05), despite 3-stage patients
had been receiving a more aggressive medical therapy in
the immediate preoperative period[73].
The role of laparoscopy for the treatment of ulcerative colitis in the emergency setting has been investigated by two studies. In the study by Bella and Seymour,
18 patients underwent laparoscopic-assisted restorative
proctocolectomy for fulminant colitis, reporting a postoperative complication rate of 33%, with a length of
stay of 5.0 d, which was shorter compared to the 8.8 d
reported for the 6 open cases analyzed in the study[74].
The other study, by Marcello et al[67], reviewed the data
from 19 laparoscopic and 29 conventional total colectomies with end ileostomy and mucous fistula buried
within subcutaneous tissue for acute, not fulminant, UC,
demonstrating longer operative time (210 vs 120 min)
but lower complication rates (16% vs 24%), earlier return
of bowel function (1 vs 2 d) and shorter length of stay (4
vs 6 d) for the laparoscopic group.

studies have been published comparing SILS to standard
laparoscopy, showing potential for improved short-term
outcomes[75-78]. Besides the obvious cosmetic advantage
resulting from a reduced number and size of scars - particularly important in a young IBD patient population limiting the incisions seems to result in less postoperative
pain, less use of narcotic pain medications, with consequent faster recovery and earlier discharge, along with a
lower incidence of wound-related complications[17,76,78-80].
These data are still preliminary, with only few cases of
SILS for UC published to date[4,16,17,75-78,81-92]. We believe
that particularly for total abdominal colectomy (TAC) the
SILS approach is a very attractive option in this patient
population, representing a true “scarless” procedure, with
the only access to the abdominal cavity at the site of the
future stoma. Our preliminary results with the adoption
of a well-standardized SILS approach to TAC confirm
the potential of this technique in improving the postoperative recovery in selected patients, without significant
increases in operative time and costs[93].

CONCLUSION
During the past three decades the evidence has been accumulating in favor of a minimally invasive approach to
IBD. Crohn’s disease is probably one of the most challenging diseases to treat laparoscopically for the colorectal surgeons, especially when the disease is located in the
colon and involves multiple segments, thus explaining
the fact that in the United States the majority of CD
patients are still approached with open surgery. Laparoscopic IPAA for UC has been shown to be feasible,
but to date the evidence present in the literature is still
not conclusive. Current data suggest a shorter length of
stay, shorter ileus, faster recovery and less postoperative
pain, along with better cosmesis with minimally invasive
surgery. On the other hand, significantly longer operative times with laparoscopy are universally reported. Our
goal and responsibility is to explore new avenues for a
true minimally invasive approach to IBD and to train the
next generation of surgeons to facilitate wide spread acceptance of laparoscopy.

REFERENCES
1
2
3

SILS IN IBD

4

During the last few years an increasing number of reports
and case series on SILS colorectal resections for both
benign and malignant diseases have been reported. Few

5

WJG|www.wjgnet.com

6760

Baumgart DC, Sandborn WJ. Inflammatory bowel disease:
clinical aspects and established and evolving therapies. Lancet 2007; 369: 1641-1657
Cohen RD, Tsang JF, Hanauer SB. Infliximab in Crohn’s disease: first anniversary clinical experience. Am J Gastroenterol
2000; 95: 3469-3477
Kunitake H, Hodin R, Shellito PC, Sands BE, Korzenik J,
Bordeianou L. Perioperative treatment with infliximab in patients with Crohn’s disease and ulcerative colitis is not associated with an increased rate of postoperative complications.
J Gastrointest Surg 2008; 12: 1730-1736; discussion 1736-1737
Reissman P, Salky BA, Pfeifer J, Edye M, Jagelman DG,
Wexner SD. Laparoscopic surgery in the management of
inflammatory bowel disease. Am J Surg 1996; 171: 47-50; discussion 50-51
Larson DW, Davies MM, Dozois EJ, Cima RR, Piotrowicz K,

December 14, 2012|Volume 18|Issue 46|

Zoccali M et al . Minimally invasive approach for IBD

6
7

8

9

10
11
12
13
14

15

16

17

18
19

20

21

22

Anderson K, Barnes SA, Harmsen WS, Young-Fadok TM,
Wolff BG, Pemberton JH. Sexual function, body image, and
quality of life after laparoscopic and open ileal pouch-anal
anastomosis. Dis Colon Rectum 2008; 51: 392-396
Jacobs M, Verdeja JC, Goldstein HS. Minimally invasive colon resection (laparoscopic colectomy). Surg Laparosc Endosc
1991; 1: 144-150
Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith
AM, Heath RM, Brown JM. Short-term endpoints of conventional versus laparoscopic-assisted surgery in patients
with colorectal cancer (MRC CLASICC trial): multicentre,
randomised controlled trial. Lancet 2005; 365: 1718-1726
Veldkamp R, Kuhry E, Hop WC, Jeekel J, Kazemier G, Bonjer HJ, Haglind E, Påhlman L, Cuesta MA, Msika S, Morino M,
Lacy AM. Laparoscopic surgery versus open surgery for colon cancer: short-term outcomes of a randomised trial. Lancet
Oncol 2005; 6: 477-484
Bonjer HJ, Hop WC, Nelson H, Sargent DJ, Lacy AM, Castells A, Guillou PJ, Thorpe H, Brown J, Delgado S, Kuhrij E,
Haglind E, Påhlman L. Laparoscopically assisted vs open
colectomy for colon cancer: a meta-analysis. Arch Surg 2007;
142: 298-303
Casillas S, Delaney CP, Senagore AJ, Brady K, Fazio VW.
Does conversion of a laparoscopic colectomy adversely affect patient outcome? Dis Colon Rectum 2004; 47: 1680-1685
Pandya S, Murray JJ, Coller JA, Rusin LC. Laparoscopic colectomy: indications for conversion to laparotomy. Arch Surg
1999; 134: 471-475
Duepree HJ, Senagore AJ, Delaney CP, Brady KM, Fazio
VW. Advantages of laparoscopic resection for ileocecal
Crohn’s disease. Dis Colon Rectum 2002; 45: 605-610
Wu XJ, He XS, Zhou XY, Ke J, Lan P. The role of laparoscopic surgery for ulcerative colitis: systematic review with metaanalysis. Int J Colorectal Dis 2010; 25: 949-957
Bresadola F, Pasqualucci A, Donini A, Chiarandini P, Anania G, Terrosu G, Sistu MA, Pasetto A. Elective transumbilical compared with standard laparoscopic cholecystectomy.
Eur J Surg 1999; 165: 29-34
Marescaux J, Dallemagne B, Perretta S, Wattiez A, Mutter
D, Coumaros D. Surgery without scars: report of transluminal cholecystectomy in a human being. Arch Surg 2007; 142:
823-826; discussion 826-827
Leroy J, Cahill RA, Asakuma M, Dallemagne B, Marescaux J.
Single-access laparoscopic sigmoidectomy as definitive surgical management of prior diverticulitis in a human patient.
Arch Surg 2009; 144: 173-179; discussion 179
Chambers WM, Bicsak M, Lamparelli M, Dixon AR. Singleincision laparoscopic surgery (SILS) in complex colorectal
surgery: a technique offering potential and not just cosmesis.
Colorectal Dis 2011; 13: 393-398
Fazio VW, Tjandra JJ, Lavery IC, Church JM, Milsom JW,
Oakley JR. Long-term follow-up of strictureplasty in Crohn’
s disease. Dis Colon Rectum 1993; 36: 355-361
Maartense S, Dunker MS, Slors JF, Cuesta MA, Pierik EG,
Gouma DJ, Hommes DW, Sprangers MA, Bemelman WA.
Laparoscopic-assisted versus open ileocolic resection for
Crohn’s disease: a randomized trial. Ann Surg 2006; 243:
143-149; discussion 150-153
Milsom JW, Hammerhofer KA, Böhm B, Marcello P, Elson
P, Fazio VW. Prospective, randomized trial comparing laparoscopic vs. conventional surgery for refractory ileocolic
Crohn’s disease. Dis Colon Rectum 2001; 44: 1-8; discussion
8-9
Eshuis EJ, Slors JF, Stokkers PC, Sprangers MA, Ubbink DT,
Cuesta MA, Pierik EG, Bemelman WA. Long-term outcomes
following laparoscopically assisted versus open ileocolic resection for Crohn’s disease. Br J Surg 2010; 97: 563-568
Stocchi L, Milsom JW, Fazio VW. Long-term outcomes of
laparoscopic versus open ileocolic resection for Crohn’s disease: follow-up of a prospective randomized trial. Surgery

WJG|www.wjgnet.com

23

24

25
26
27

28

29

30

31

32
33
34

35

36

37

38
39
40
41

6761

2008; 144: 622-627; discussion 627-628
Appau KA, Fazio VW, Shen B, Church JM, Lashner B, Remzi
F, Brzezinski A, Strong SA, Hammel J, Kiran RP. Use of infliximab within 3 months of ileocolonic resection is associated
with adverse postoperative outcomes in Crohn’s patients. J
Gastrointest Surg 2008; 12: 1738-1744
Uchikoshi F, Ito T, Nezu R, Tanemura M, Kai Y, Mizushima
T, Nakajima K, Tamagawa H, Matsuda C, Matsuda H.
Advantages of laparoscope-assisted surgery for recurrent
Crohn’s disease. Surg Endosc 2004; 18: 1675-1679
Milsom JW. Laparoscopic surgery in the treatment of
Crohn’s disease. Surg Clin North Am 2005; 85: 25-34; vii
Hamel CT, Pikarsky AJ, Wexner SD. Laparoscopically assisted hemicolectomy for Crohn’s disease: are we still getting better? Am Surg 2002; 68: 83-86
Alves A, Panis Y, Bouhnik Y, Marceau C, Rouach Y, La
vergne-Slove A, Vicaut E, Valleur P. Factors that predict conversion in 69 consecutive patients undergoing laparoscopic
ileocecal resection for Crohn’s disease: a prospective study.
Dis Colon Rectum 2005; 48: 2302-2308
Bemelman WA, Slors JF, Dunker MS, van Hogezand RA,
van Deventer SJ, Ringers J, Griffioen G, Gouma DJ. Laparoscopic-assisted vs. open ileocolic resection for Crohn’s disease. A comparative study. Surg Endosc 2000; 14: 721-725
Lowney JK, Dietz DW, Birnbaum EH, Kodner IJ, Mutch
MG, Fleshman JW. Is there any difference in recurrence rates
in laparoscopic ileocolic resection for Crohn’s disease compared with conventional surgery? A long-term, follow-up
study. Dis Colon Rectum 2006; 49: 58-63
Lesperance K, Martin MJ, Lehmann R, Brounts L, Steele SR.
National trends and outcomes for the surgical therapy of
ileocolonic Crohn’s disease: a population-based analysis of
laparoscopic vs. open approaches. J Gastrointest Surg 2009;
13: 1251-1259
Benoist S, Panis Y, Beaufour A, Bouhnik Y, Matuchansky C,
Valleur P. Laparoscopic ileocecal resection in Crohn’s disease: a case-matched comparison with open resection. Surg
Endosc 2003; 17: 814-818
Bergamaschi R, Pessaux P, Arnaud JP. Comparison of conventional and laparoscopic ileocolic resection for Crohn’s
disease. Dis Colon Rectum 2003; 46: 1129-1133
Huilgol RL, Wright CM, Solomon MJ. Laparoscopic versus
open ileocolic resection for Crohn’s disease. J Laparoendosc
Adv Surg Tech A 2004; 14: 61-65
Alabaz O, Iroatulam AJ, Nessim A, Weiss EG, Nogueras JJ,
Wexner SD. Comparison of laparoscopically assisted and
conventional ileocolic resection for Crohn’s disease. Eur J
Surg 2000; 166: 213-217
Fichera A, Peng SL, Elisseou NM, Rubin MA, Hurst RD.
Laparoscopy or conventional open surgery for patients with
ileocolonic Crohn’s disease? A prospective study. Surgery
2007; 142: 566-571; discussion 571.e1
Young-Fadok TM, HallLong K, McConnell EJ, Gomez Rey
G, Cabanela RL. Advantages of laparoscopic resection for
ileocolic Crohn’s disease. Improved outcomes and reduced
costs. Surg Endosc 2001; 15: 450-454
Thaler K, Dinnewitzer A, Oberwalder M, Weiss EG, Nogueras JJ, Wexner SD. Assessment of long-term quality of life
after laparoscopic and open surgery for Crohn’s disease.
Colorectal Dis 2005; 7: 375-381
Dasari BV, McKay D, Gardiner K. Laparoscopic versus
Open surgery for small bowel Crohn’s disease. Cochrane Database Syst Rev 2011; (1): CD006956
Rosman AS, Melis M, Fichera A. Metaanalysis of trials comparing laparoscopic and open surgery for Crohn’s disease.
Surg Endosc 2005; 19: 1549-1555
Tan JJ, Tjandra JJ. Laparoscopic surgery for Crohn’s disease:
a meta-analysis. Dis Colon Rectum 2007; 50: 576-585
Tilney HS, Constantinides VA, Heriot AG, Nicolaou M,
Athanasiou T, Ziprin P, Darzi AW, Tekkis PP. Comparison

December 14, 2012|Volume 18|Issue 46|

Zoccali M et al . Minimally invasive approach for IBD

42
43

44
45

46
47

48

49
50

51

52
53
54

55

56

57

58
59

of laparoscopic and open ileocecal resection for Crohn’s disease: a metaanalysis. Surg Endosc 2006; 20: 1036-1044
Seymour NE, Kavic SM. Laparoscopic management of complex Crohn’s disease. JSLS 2003; 7: 117-121
Brouquet A, Bretagnol F, Soprani A, Valleur P, Bouhnik Y,
Panis Y. A laparoscopic approach to iterative ileocolonic
resection for the recurrence of Crohn’s disease. Surg Endosc
2010; 24: 879-887
Hasegawa H, Watanabe M, Nishibori H, Okabayashi K, Hibi
T, Kitajima M. Laparoscopic surgery for recurrent Crohn’s
disease. Br J Surg 2003; 90: 970-973
Goyer P, Alves A, Bretagnol F, Bouhnik Y, Valleur P, Panis Y.
Impact of complex Crohn’s disease on the outcome of laparoscopic ileocecal resection: a comparative clinical study in
124 patients. Dis Colon Rectum 2009; 52: 205-210
Hamel CT, Hildebrandt U, Weiss EG, Feifelz G, Wexner SD.
Laparoscopic surgery for inflammatory bowel disease. Surg
Endosc 2001; 15: 642-645
da Luz Moreira A, Stocchi L, Remzi FH, Geisler D, Hammel
J, Fazio VW. Laparoscopic surgery for patients with Crohn’
s colitis: a case-matched study. J Gastrointest Surg 2007; 11:
1529-1533
Umanskiy K, Malhotra G, Chase A, Rubin MA, Hurst RD,
Fichera A. Laparoscopic colectomy for Crohn’s colitis. A
large prospective comparative study. J Gastrointest Surg
2010; 14: 658-663
Liu J, Bruch HP, Farke S, Nolde J, Schwandner O. Stoma
formation for fecal diversion: a plea for the laparoscopic approach. Tech Coloproctol 2005; 9: 9-14
Järnerot G, Hertervig E, Friis-Liby I, Blomquist L, Karlén
P, Grännö C, Vilien M, Ström M, Danielsson A, Verbaan H,
Hellström PM, Magnuson A, Curman B. Infliximab as rescue
therapy in severe to moderately severe ulcerative colitis: a
randomized, placebo-controlled study. Gastroenterology 2005;
128: 1805-1811
Rutgeerts P, Sandborn WJ, Feagan BG, Reinisch W, Olson A,
Johanns J, Travers S, Rachmilewitz D, Hanauer SB, Lichtenstein GR, de Villiers WJ, Present D, Sands BE, Colombel JF.
Infliximab for induction and maintenance therapy for ulcerative colitis. N Engl J Med 2005; 353: 2462-2476
Peters WR. Laparoscopic total proctocolectomy with creation of ileostomy for ulcerative colitis: report of two cases. J
Laparoendosc Surg 1992; 2: 175-178
Wexner SD, Johansen OB, Nogueras JJ, Jagelman DG. Laparoscopic total abdominal colectomy. A prospective trial. Dis
Colon Rectum 1992; 35: 651-655
Larson DW, Dozois EJ, Piotrowicz K, Cima RR, Wolff BG,
Young-Fadok TM. Laparoscopic-assisted vs. open ileal
pouch-anal anastomosis: functional outcome in a casematched series. Dis Colon Rectum 2005; 48: 1845-1850
Marcello PW, Milsom JW, Wong SK, Hammerhofer KA,
Goormastic M, Church JM, Fazio VW. Laparoscopic restorative proctocolectomy: case-matched comparative study
with open restorative proctocolectomy. Dis Colon Rectum
2000; 43: 604-608
Meier AH, Roth L, Cilley RE, Dillon PW. Completely minimally invasive approach to restorative total proctocolectomy
with j-pouch construction in children. Surg Laparosc Endosc
Percutan Tech 2007; 17: 418-421
Larson DW, Cima RR, Dozois EJ, Davies M, Piotrowicz K,
Barnes SA, Wolff B, Pemberton J. Safety, feasibility, and
short-term outcomes of laparoscopic ileal-pouch-anal anastomosis: a single institutional case-matched experience. Ann
Surg 2006; 243: 667-670; discussion 670-672
Araki Y, Ishibashi N, Ogata Y, Shirouzu K, Isomoto H. The
usefulness of restorative laparoscopic-assisted total colectomy for ulcerative colitis. Kurume Med J 2001; 48: 99-103
Dunker MS, Bemelman WA, Slors JF, van Duijvendijk P,
Gouma DJ. Functional outcome, quality of life, body image,
and cosmesis in patients after laparoscopic-assisted and con-

WJG|www.wjgnet.com

60

61

62

63

64

65

66
67
68

69

70

71
72

73

74
75

76

6762

ventional restorative proctocolectomy: a comparative study.
Dis Colon Rectum 2001; 44: 1800-1807
Hashimoto A, Funayama Y, Naito H, Fukushima K, Shibata
C, Naitoh T, Shibuya K, Koyama K, Takahashi K, Ogawa H,
Satoh S, Ueno T, Kitayama T, Matsuno S, Sasaki I. Laparascope-assisted versus conventional restorative proctocolectomy with rectal mucosectomy. Surg Today 2001; 31: 210-214
Schmitt SL, Cohen SM, Wexner SD, Nogueras JJ, Jagelman
DG. Does laparoscopic-assisted ileal pouch anal anastomosis
reduce the length of hospitalization? Int J Colorectal Dis 1994;
9: 134-137
Maartense S, Dunker MS, Slors JF, Cuesta MA, Gouma
DJ, van Deventer SJ, van Bodegraven AA, Bemelman WA.
Hand-assisted laparoscopic versus open restorative proctocolectomy with ileal pouch anal anastomosis: a randomized
trial. Ann Surg 2004; 240: 984-991; discussion 991-992
Polle SW, Dunker MS, Slors JF, Sprangers MA, Cuesta MA,
Gouma DJ, Bemelman WA. Body image, cosmesis, quality
of life, and functional outcome of hand-assisted laparoscopic
versus open restorative proctocolectomy: long-term results
of a randomized trial. Surg Endosc 2007; 21: 1301-1307
Ahmed Ali U, Keus F, Heikens JT, Bemelman WA, Berdah
SV, Gooszen HG, van Laarhoven CJ. Open versus laparoscopic (assisted) ileo pouch anal anastomosis for ulcerative
colitis and familial adenomatous polyposis. Cochrane Database Syst Rev 2009; (1): CD006267
Fichera A, Silvestri MT, Hurst RD, Rubin MA, Michelassi F.
Laparoscopic restorative proctocolectomy with ileal pouch
anal anastomosis: a comparative observational study on
long-term functional results. J Gastrointest Surg 2009; 13:
526-532
Heuschen UA, Allemeyer EH, Hinz U, Lucas M, Herfarth C,
Heuschen G. Outcome after septic complications in J pouch
procedures. Br J Surg 2002; 89: 194-200
Marcello PW, Milsom JW, Wong SK, Brady K, Goormastic
M, Fazio VW. Laparoscopic total colectomy for acute colitis:
a case-control study. Dis Colon Rectum 2001; 44: 1441-1445
Ky AJ, Sonoda T, Milsom JW. One-stage laparoscopic restorative proctocolectomy: an alternative to the conventional
approach? Dis Colon Rectum 2002; 45: 207-210; discussion
210-211
Mor IJ, Vogel JD, da Luz Moreira A, Shen B, Hammel J,
Remzi FH. Infliximab in ulcerative colitis is associated with
an increased risk of postoperative complications after restorative proctocolectomy. Dis Colon Rectum 2008; 51: 1202-1207;
discussion 1207-1210
Selvasekar CR, Cima RR, Larson DW, Dozois EJ, Harrington
JR, Harmsen WS, Loftus EV, Sandborn WJ, Wolff BG, Pemberton JH. Effect of infliximab on short-term complications
in patients undergoing operation for chronic ulcerative colitis. J Am Coll Surg 2007; 204: 956-962; discussion 962-963
Lim WC, Hanauer SB. Emerging biologic therapies in inflammatory bowel disease. Rev Gastroenterol Disord 2004; 4:
66-85
Heuschen UA, Hinz U, Allemeyer EH, Autschbach F, Stern
J, Lucas M, Herfarth C, Heuschen G. Risk factors for ileoanal
J pouch-related septic complications in ulcerative colitis and
familial adenomatous polyposis. Ann Surg 2002; 235: 207-216
Pandey S, Luther G, Umanskiy K, Malhotra G, Rubin MA,
Hurst RD, Fichera A. Minimally invasive pouch surgery for
ulcerative colitis: is there a benefit in staging? Dis Colon Rectum 2011; 54: 306-310
Bell RL, Seymour NE. Laparoscopic treatment of fulminant
ulcerative colitis. Surg Endosc 2002; 16: 1778-1782
Adair J, Gromski MA, Lim RB, Nagle D. Single-incision
laparoscopic right colectomy: experience with 17 consecutive cases and comparison with multiport laparoscopic right
colectomy. Dis Colon Rectum 2010; 53: 1549-1554
Champagne BJ, Lee EC, Leblanc F, Stein SL, Delaney CP.
Single-incision vs straight laparoscopic segmental colectomy:

December 14, 2012|Volume 18|Issue 46|

Zoccali M et al . Minimally invasive approach for IBD

77

78

79

80
81
82
83
84
85

a case-controlled study. Dis Colon Rectum 2011; 54: 183-186
Gandhi DP, Ragupathi M, Patel CB, Ramos-Valadez DI,
Pickron TB, Haas EM. Single-incision versus hand-assisted
laparoscopic colectomy: a case-matched series. J Gastrointest
Surg 2010; 14: 1875-1880
Ross H, Steele S, Whiteford M, Lee S, Albert M, Mutch M,
Rivadeneira D, Marcello P. Early multi-institution experience with single-incision laparoscopic colectomy. Dis Colon
Rectum 2011; 54: 187-192
Dunker MS, Stiggelbout AM, van Hogezand RA, Ringers J,
Griffioen G, Bemelman WA. Cosmesis and body image after
laparoscopic-assisted and open ileocolic resection for Crohn’
s disease. Surg Endosc 1998; 12: 1334-1340
Munro MG. Laparoscopic access: complications, technologies, and techniques. Curr Opin Obstet Gynecol 2002; 14:
365-374
Remzi FH, Kirat HT, Kaouk JH, Geisler DP. Single-port
laparoscopy in colorectal surgery. Colorectal Dis 2008; 10:
823-826
Geisler DP, Condon ET, Remzi FH. Single incision laparoscopic total proctocolectomy with ileopouch anal anastomosis. Colorectal Dis 2010; 12: 941-943
Remzi FH, Kirat HT, Geisler DP. Laparoscopic single-port
colectomy for sigmoid cancer. Tech Coloproctol 2010; 14:
253-255
Bucher P, Pugin F, Morel P. Single-port access laparoscopic
radical left colectomy in humans. Dis Colon Rectum 2009; 52:
1797-1801
Cahill RA, Lindsey I, Jones O, Guy R, Mortensen N, Cunningham C. Single-port laparoscopic total colectomy for

86
87

88

89

90

91
92

93

medically uncontrolled colitis. Dis Colon Rectum 2010; 53:
1143-1147
Boni L, Dionigi G, Cassinotti E, Di Giuseppe M, Diurni M,
Rausei S, Cantore F, Dionigi R. Single incision laparoscopic
right colectomy. Surg Endosc 2010; 24: 3233-3236
Brunner W, Schirnhofer J, Waldstein-Wartenberg N, Frass R,
Weiss H. Single incision laparoscopic sigmoid colon resections without visible scar: a novel technique. Colorectal Dis
2010; 12: 66-70
Leblanc F, Makhija R, Champagne BJ, Delaney CP. Single
incision laparoscopic total colectomy and proctocolectomy
for benign disease: initial experience. Colorectal Dis 2011; 13:
1290-1293
Pietrasanta D, Romano N, Prosperi V, Lorenzetti L, Basili G,
Goletti O. Single-incision laparoscopic right colectomy for
cancer: a single-centre preliminary experience. Updates Surg
2010; 62: 111-115
Leblanc F, Champagne BJ, Augestad KM, Stein SL, Marderstein E, Reynolds HL, Delaney CP. Single incision laparoscopic colectomy: technical aspects, feasibility, and expected
benefits. Diagn Ther Endosc 2010; 2010: 913216
Law WL, Fan JK, Poon JT. Single-incision laparoscopic colectomy: early experience. Dis Colon Rectum 2010; 53: 284-288
Uematsu D, Akiyama G, Matsuura M, Hotta K. Single-access laparoscopic colectomy with a novel multiport device in
sigmoid colectomy for colon cancer. Dis Colon Rectum 2010;
53: 496-501
Fichera A, Zoccali M, Gullo R. Single incision (“scarless”)
laparoscopic total abdominal colectomy with end ileostomy
for ulcerative colitis. J Gastrointest Surg 2011; 15: 1247-1251
S- Editor Shi ZF

WJG|www.wjgnet.com

6763

L- Editor A E- Editor Li JY

December 14, 2012|Volume 18|Issue 46|

World J Gastroenterol 2012 December 14; 18(46): 6764-6770
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps
wjg@wjgnet.com
doi:10.3748/wjg.v18.i46.6764

© 2012 Baishideng. All rights reserved.

TOPIC HIGHLIGHT
Marco Giuseppe Patti, MD, Professor, Series Editor

Impact of minimally invasive surgery on the treatment of
benign esophageal disorders
Brian Bello, Fernando A Herbella, Marco E Allaix, Marco G Patti
about an operation made jointly between surgeon and
patient. The indications for surgery have changed in
the last twenty years. In the past, surgery was often
considered for patients who did not respond well to
acid reducing medications. Today, the best candidate
for surgery is the patient who has excellent control of
symptoms with proton pump inhibitors. The minimally
invasive approach to antireflux surgery has allowed
surgeons to control reflux in a safe manner, with excellent long term outcomes. Like achalasia and gastroesophageal reflux, the treatment of patients with paraesophageal hernias has also seen a major evolution.
The laparoscopic approach has been shown to be safe,
and durable, with good relief of symptoms over the
long-term. The most significant controversy with laparoscopic paraesophageal hernia repair is the optimal
crural repair. This manuscript reviews the evolution of
these techniques.
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Abstract
Thanks to the development of minimally invasive surgery, the last 20 years have witnessed a change in the
treatment algorithm of benign esophageal disorders.
Today a laparoscopic operation is the treatment of
choice for esophageal achalasia and for most patients
with gastroesophageal reflux disease. Because the
pathogenesis of achalasia is unknown, treatment is
palliative and aims to improve esophageal emptying
by decreasing the functional obstruction at the level
of the gastro-esophageal junction. The refinement of
minimally invasive techniques accompanied by large,
multiple randomized control trials with long-term outcome has allowed the laparoscopic Heller myotomy
and partial fundoplication to become the treatment
of choice for achalasia compared to endoscopic procedures, including endoscopic botulinum toxin injection and pneumatic dilatation. Patients with suspected
gastroesophageal reflux need to undergo a thorough
preoperative workup. After establishing diagnosis,
treatment for gastroesophageal reflux should be individualized to patient characteristics and a decision
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approach avoided the postoperative pain and the long
recovery time which followed surgery. Very few Heller
myotomies were performed during this era, and they
were mostly reserved for patients whose dysphagia did
not improve with balloon dilatation or whose esophagus
was perforated during a dilatation[15].
During this era, the myotomy was performed by either a left thoracotomy or a laparotomy. Ellis described
his results using a left transthoracic approach to perform
a Heller myotomy[6]. His myotomy extended for only
5 mm onto the gastric wall, the rationale being that a
short myotomy relieved dysphagia but avoided reflux,
therefore obviating the need for a fundoplication. His
results showed relief of dysphagia in about 90% of
patients and symptomatic reflux in 5% [12]. However,
when gastroesophageal reflux was objectively measured
postoperatively by manometry and pH monitoring, abnormal esophageal acid exposure was found in 29% of
patients[16]. These findings underscored the importance
of objective measurement of reflux in achalasia patients.
A trans-abdominal approach was used mostly in
Europe and South America. Bonavina et al[17] from Italy
reported the results of trans-abdominal Heller myotomy
and Dor fundoplication in 206 patients operated between 1976 and 1989. The operation yielded “excellent”
or “good” results in 94% of patients. Abnormal postoperative gastroesophageal reflux, as measured by pH
monitoring, was present in 8.6% of patients only.

INTRODUCTION
The last two decades have seen a shift in the treatment
algorithm of benign esophageal disorders, largely due to
the introduction and development of minimally invasive
surgery. In the early 1990s, it became clear that a minimally invasive approach for esophageal achalasia, gastroesophageal reflux disease, and paraesophageal hernias,
provided outcomes comparable to those achieved by
open techniques but with less postoperative pain, shorter
hospital stay and earlier return to work[1-3].
The late 1990s and last 10 years saw the evolution of
the laparoscopic approach thanks to better instrumentation and expertise. As more of these procedures were
performed, more long-term data became available allowing improved analysis of the technique and the outcome.
For example, in the early 1990s a left thoracoscopic
Heller myotomy was considered the surgical procedure
of choice for achalasia, yet now the standard of care is a
laparoscopic Heller myotomy with partial fundoplication
as this operation allows better relief of dysphagia and a
lower incidence of postoperative reflux[4-8]. In a similar
fashion, both total fundoplication and partial fundoplication were initially considered equivalent for the treatment
of gastroesophageal reflux disease, however, long-term
follow-up indicates that a laparoscopic total fundoplication is superior[9]. In addition, a laparoscopic approach to
paraesophageal hernias offers fewer complications and
shorter hospital stay than to the open approach[10].
In this review, we focus on the impact of minimally invasive surgery on the treatment of achalasia, gastroesophageal reflux disease (GERD), and paraesophageal hernias.

Minimally invasive era
A shift in the treatment algorithm of achalasia has slowly
occurred in the last decade due to the excellent outcome
of minimally invasive techniques. In 1992, we reported
our initial experience with a thoracoscopic approach[1], following the technique first described by Shimi et al[18]. Using the guidance provided by intraoperative endoscopy, we
performed a left thoracoscopic myotomy which extended
for only 5 mm onto the gastric wall. Like Ellis[12], the rationale for a shorter myotomy was to relieve dysphagia while
trying to avoid postoperative reflux. The hospital stay was
short, postoperative discomfort was minimal, and the recovery was fast[1]. Long-term follow-up showed relief of
dysphagia in almost 90% of patients[19].
Despite these good results, some shortcomings of
the thoracoscopic technique soon became apparent. This
approach required a double lumen tube for one lung ventilation and a chest tube. In addition, the exposure of the
gastroesophageal junction was limited by the diaphragm.
Most striking though was that a thoracoscopic myotomy
was associated with reflux in up to 60% of patients when
studied by postoperative pH monitoring[19]. A significant
amount of postoperative reflux after thoracoscopic Heller
myotomy was also demonstrated by others[20,21].
These limitations of the thoracoscopic approach were
the key reasons for the switch to a laparoscopic approach.

ACHALASIA
Esophageal achalasia is a primary esophageal motility
disorder characterized by lack of esophageal peristalsis
and inability of the lower esophageal sphincter (LES)
to relax properly in response to swallowing. The goal of
treatment is to relieve the functional obstruction caused
by the LES, therefore allowing emptying of food from
the esophagus into the stomach by gravity. The treatment of this disease is based on a delicate balance between elimination of the functional obstruction caused
by the LES and the need to prevent gastroesophageal reflux into an aperistaltic esophagus, with risk of developing complications such as strictures, Barrett’s esophagus,
and even adenocarcinoma[11-14].
Open era
In 1913, Heller first described the simultaneous performance of two myotomies, on the anterior and posterior
sides of the esophagus, to treat patients with achalasia.
A decade later, Zaaijer would restrict the procedure to a
single anterior myotomy. For decades, Heller myotomy
was the standard treatment for esophageal achalasia. In
the 1970s and 1980s, pneumatic dilatation became the
primary form of treatment as it was believed that the
results were equivalent to those of a myotomy but this
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risk of severe esophageal damage. In several retrospective studies, objective evidence of reflux was demonstrated in about 60% of patients postoperatively[22,23].
Subsequent randomized control trials confirmed this
observation and suggested that a fundoplication decreases the incidence of this problem. In 2003, Falkenback et
al[24] reported the results of a prospective and randomized trial comparing myotomy alone vs myotomy with
Nissen fundoplication. Using postoperative pH monitoring, they found abnormal reflux in 25% of patients
who had a myotomy and fundoplication as compared
to 100% of patients who had a myotomy alone. Twenty
percent of patients in the myotomy alone group subsequently developed Barrett’s esophagus[24].
Another randomized trial compared Heller myotomy
alone vs Heller myotomy and Dor fundoplication. Pathologic gastroesophageal reflux was demonstrated by pH
monitoring in 48% of patients after Heller myotomy
alone but in 9.5% only when a Dor fundoplication was
added[25]. Relief of dysphagia was similar in the 2 groups.
Both the total (Nissen) and partial (Dor) fundoplications
prevent reflux in the majority of patients. The above trials
provide Level 1 evidence that a fundoplication should be
performed at the time of a laparoscopic Heller myotomy.

These data provide Level 1 evidence supporting the use
of a partial fundoplication with a Heller myotomy as the
preferred choice of fundoplication for achalasia.
Partial fundoplication: Anterior vs posterior
Currently, deciding between which partial fundoplication
is best, either a posterior (Toupet) or an anterior fundoplication (Dor) after Heller myotomy, is controversial.
Some groups favor a posterior fundoplication as it might
be more effective in preventing reflux and because it
might keep the edges of the myotomy separate[4,5,31-33].
One retrospective study demonstrated a lower rate of
recurrent dysphagia in the Toupet fundoplication group
compared to the Dor fundoplication group (3% vs 17%).
However, conclusions from this study are limited since
the comparison groups were not equivalent: the followup period for the Dor fundoplication group was longer
and the length of the myotomy was longer in the Toupet
fundoplication group[33].
Our preference is for a Dor fundoplication because
it is simpler to perform, in that there is no need for a
posterior dissection. In addition, it adds the advantage
of covering the esophageal mucosa. It certainly is the
procedure of choice if there is any suspicion of injury
to the mucosa or if a perforation has occurred. Many
studies have demonstrated that a laparoscopic Heller myotomy with anterior fundoplication significantly relieves
the symptoms of achalasia in about 90%, while limiting
gastroesophageal reflux[6-8,32,34-37].
Recently presented at the Society of American Gastrointestinal and Endoscopic Surgeons annual meeting
in 2011 were the findings of a prospective, randomized,
and multicenter study comparing laparoscopic Heller
myotomy and Dor fundoplication and laparoscopic
Heller myotomy and Toupet fundoplication. Follow-up
monitoring by pH monitoring at six months showed no
statistical significance between a Dor fundoplication and
Toupet fundoplication[38].
The last two decades have witnessed a shift in the
treatment algorithm for esophageal achalasia. The refinement of minimally invasive techniques accompanied by
large, multiple randomized control trials with long-term
outcome has allowed the laparoscopic Heller myotomy
and partial fundoplication to become the treatment of
choice for achalasia.

Partial vs total fundoplication
In patients with gastroesophageal reflux, a laparoscopic
total fundoplication is the procedure of choice, even
when esophageal peristalsis is weak[9]. In contrast, because of the absence of peristalsis in achalasia, a total
fundoplication may cause too much resistance at the
level of the gastroesophageal junction, therefore impeding the emptying of food from the esophagus into the
stomach. This can eventually cause persistent or recurrent dysphagia.
There have been long-term studies demonstrating
that postoperative dysphagia is initially significantly decreased after a Heller myotomy with a total fundoplication[24,26,27]. Yet, most surgeons have abandoned the use
of a total fundoplication and switched to a partial fundoplication based on other long-term data showing that
dysphagia eventually recurs in most patients that have
a total fundoplication. For example, Duranceau et al[28]
initially reported excellent results with a Heller myotomy
and total fundoplication, as dysphagia improved in most
patients and there was no symptomatic reflux. Ten years
later, however, they noted that symptoms had recurred
in 82% of patients probably due to complete decompensation during the follow-up period[29].
A prospective, randomized trial comparing long-term
results of laparoscopic Heller myotomy and Dor fundoplication vs laparoscopic Heller myotomy and floppy-Nissen fundoplication for achalasia recently demonstrated
that there was a statistically significant difference in dysphagia rates (2.8% vs 15%, P < 0.0001). Although both
techniques achieved long-term reflux control, the recurrence rate of dysphagia was significantly higher among
patients who underwent a Nissen fundoplication [30].
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GERD
The pathophysiology of GERD is multifactorial and
complex. It is well established that the lower LES plays
a key role in the antireflux mechanism. This is evidence
that the striated muscles of the crus fail to exert its
synergistic action with the LES when a hiatal hernia is
present, thus, causing reflux[39]. In addition, esophageal
dysmotility can also play a crucial role: 40% to 50% of
patients with GERD have low amplitude of peristalsis
or an abnormal propagation of peristaltic waves[40]. As a
consequence, acid clearance is impaired, potentially caus-
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ing more mucosal injury. Furthermore, it has been demonstrated that a mixed reflux of both gastric and duodenal juices plays a role in the pathogenesis of GERD,
particularly in patients with Barrett’s esophagus. This has
a profound impact on treatment considering that proton pump inhibitors only control acid secretion and not
duodenal reflux[41]. The pH of the refluxate is changed,
yet the underlying problem has not been addressed: the
competence of the lower esophageal sphincter. The laparoscopic 360° fundoplication addresses this very issue,
which can block either type of refluxate.

patients resistant to proton pump inhibitors (PPIs) with
non-acid or acid reflux demonstrated by multichannel intraluminal impedance-pH monitoring and with a positive
symptom index, can be treated successfully by a laparoscopic 360° fundoplication); (3) poor patient compliance
with medical treatment; (4) cost of medical therapy is
prohibitive (most insurance companies in the United
States will pay for one PPI pill per day only, with many
patients prescribed more frequent dosing); (5) postmenopausal women with osteoporosis. It has been shown that
PPIs and H2 blockers may increase the risk of hip and
femur fractures because of decreased calcium absorption[51]; and (6) young and very symptomatic patients in
whom life-long medical treatment is not advisable.
Finally, in a recently published meta-analysis of medical vs surgical management for GERD, Wileman et al[52]
have shown that, in adults, laparoscopic fundoplication
is more effective than medical management for the treatment of GERD in the short to medium term. Surgery,
however, carries some risks and its application should be
individualized as the decision to undergo fundoplication
should be based on patient and surgeon preference.
The minimally invasive approach to antireflux surgery
has allowed surgeons to control reflux in a safe manner
without troublesome side effects. Long term outcomes
are excellent and risk is minimal. Nonetheless, patients
with suspected reflux need to undergo a thorough preoperative evaluation. After establishing diagnosis, treatment
for gastroesophageal reflux should be individualized to
patient characteristics and a decision about an operation
made jointly between surgeon and patient.

Open era
Nissen[42] first described an antireflux procedure with a
360° wrap in 1956. Reflux symptoms improved, yet there
were problems with dysphagia and inability to belch.
Multiple modifications and different types of partial
fundoplications were then introduced over the years. In
1986, DeMeester et al[43] described several modifications
to operative technique that would prove to be valuable.
Increasing the bougie size seemed to reduce the incidence of postoperative dysphagia. Similar results were
obtained by shortening the length of the fundoplication.
Finally, a more extensive mobilization of the fundus
increased the incidence of complete distal esophageal
sphincter relaxation.
Laparoscopic 360° fundoplication
The laparoscopic 360° fundoplication (total) was initially
described by Dallemagne et al[44] in 1991. Despite some
surgeons favored partial fundoplication in some settings,
it was shown that laparoscopic partial fundoplication was
not as effective in controlling reflux as a laparoscopic
total fundoplication[9].
A 360° fundoplication using minimally invasive
techniques is associated with a low morbidity, a short
hospital stay, and excellent outcomes[45,46]. The operation
controls reflux by improving esophageal motility, both
in terms of LES competence and quality of esophageal
peristalsis[9,47]. Long-term studies have shown that fundoplication controls symptoms in 93% of patients after
5 years and 89% after 10 years[48]. Postoperative dysphagia has been described in approximately 8% of patients.
However, this usually resolves in most patients within a
few months and rarely requires any intervention[9].

PARAESOPHAGEAL HERNIA
Paraesophageal hernias are rare and only make up a small
fraction of hiatal hernias. Yet because of their association with serious morbidity and potential mortality,
knowing how to treat these patients is essential.
Open era
Like achalasia and gastroesophageal reflux, the treatment
of patients with paraesophageal hernias has also seen a
major evolution. Thanks to the advent of minimally invasive techniques, a laparoscopic repair has slowly replaced
an open approach via a laparotomy or left thoracotomy.
In the 1980s, an open technique was standard of care
and was shown to be effective. Ellis et al[53] demonstrated
an 88% benefit from an open paraesophageal hiatal hernia repair via laparotomy. Their technique commonly included an antireflux procedure and a Stamm gastrotomy.
Average length of stay was 9.5 d and the complication
rate was 24%.

Clarifying indications
The indications for surgery have changed in the last
twenty years. Surgery was often considered for patients
who did not respond well to acid reducing medications.
However, the paradigm has changed. Today, the best
candidate for surgery is the patient who has excellent
control of symptoms with proton pump inhibitors[49].
We feel that laparoscopic 360° fundoplication is indicated in the following circumstances: (1) when heartburn and regurgitation are not completely controlled by
medicationst; (2) when it is thought that cough is induced
by reflux. For instance, Mainie et al[50] demonstrated that
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Minimally invasive era
The last two decades have seen the emergence of laparoscopy for treatment of paraesophageal hernias. Though
it is a technically challenging operation, the laparoscopic
approach has been shown to be safe, durable, with good
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relief of symptoms over the long-term, decreased postoperative pain, and a rapid return to normal activities.
The majority of patients also undergo an antireflux procedure as well[54,55]. The basic principles of the operation
include excising the hernia sac, mobilizing the esophagus
extensively in the posterior mediastinum, closing the hiatus, and a fundoplication.

They concluded that both types of repair gave long and
durable relief, but the benefit of reducing hiatal hernia
recurrence in the short term had diminished by the five
year mark[63]. There have been new biologic mesh materials and redesigning of existing materials that will need to
be studied in the future.

CONCLUSION

Current status
Despite popularization of the laparoscopic approach,
many controversies remain. The majority of surgeons
advocate complete excision of the hernia sac for several
reasons. A sac remnant could potentially act as a potential lead point for a recurrence or interfere with the crural repair or fundoplication. Others argue that removing
the sac can potentially cause injury to the mediastinum
and pleura and that it is not necessary. Aly et al[56] showed
that sac excision was not routinely performed and had
no significant effect on quality of life measures and postop barium swallow radiographs.
The most significant controversy with laparoscopic
paraesophageal hernia repair though is recurrence rate.
In several large volume studies, hiatal hernia recurrence
rate is reported as high as 28%-44% for the laparoscopic
repair[56-59]. These rates are significantly higher than for
open repair. However, prior open series rarely measured
outcomes objectively as they routinely do now.
When repairing paraesophageal hernias, there can
be a significant amount of tension with a primary repair, which ultimately may lead to recurrence. Due to
the significant use of synthetic mesh for tension free
repairs inguinal hernias, these were soon applied to paraesophageal hernias repairs. One randomized control trial
showed a significant reduction in recurrence rates at the
one year follow-up period[60]. However, there was a significantly higher rate of dysphagia and potential for erosion into the esophagus or stomach[60,61]. Synthetic mesh
is rarely used now.
In 2006, Oelschlager et al[62] published a multicenter,
prospective randomized trial assessing biologic prosthesis
for paraesophageal hernias as a buttress with a primary
repair. They used small intestinal submucosa (SIS), an
acellular xenograft consisting primarily of porcine collagen. Their findings at six month follow up were promising. The primary outcome measure was a greater than
2 cm recurrent hernia on upper gastrointestinal (UGI)
series. At six months, patients who had the biologic prosthesis buttress repair had a 9% recurrence rate compared
to 24% in the group who had a primary repair alone of
the hiatus.
The long-term data from that study were recently
presented at the 2010 American College of Surgeons
Annual Clinical Congress. Unlike the short-term data,
there was no difference in recurrence in long-term follow up. With a median follow-up of 58 mo, there was
no statistical difference in symptom control, quality of
life measures or UGI recurrence rates between the primary repair alone vs primary repair with a SIS buttress.
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Despite controversies for laparoscopic paraesophageal
hernia repairs, there are clear advantages when compared
to open repair. Hospital stays are usually around two
days and much shorter than before, pain is improved,
and patients have less complications. More long-term
data will be needed to assess the optimal crural repair.
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Hepatic expression and cellular distribution of the glucose
transporter family
Sumera Karim, David H Adams, Patricia F Lalor
glycogen storage. However there is less appreciation
of the roles of GLUTs expressed by non parenchymal
cell types within the liver, all of which require carbohydrate to function. A better understanding of the
detailed cellular distribution of GLUTs in human liver
tissue may shed light on mechanisms underlying disease pathogenesis. This review summarises the available literature on hepatocellular expression of GLUTs in
health and disease and highlights areas where further
investigation is required.
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Abstract
Glucose and other carbohydrates are transported into
cells using members of a family of integral membrane
glucose transporter (GLUT) molecules. To date 14
members of this family, also called the solute carrier
2A proteins have been identified which are divided on
the basis of transport characteristics and sequence
similarities into several families (Classes 1 to 3). The
expression of these different receptor subtypes varies
between different species, tissues and cellular subtypes and each has differential sensitivities to stimuli
such as insulin. The liver is a contributor to metabolic
carbohydrate homeostasis and is a major site for synthesis, storage and redistribution of carbohydrates.
Situations in which the balance of glucose homeostasis
is upset such as diabetes or the metabolic syndrome
can lead metabolic disturbances that drive chronic
organ damage and failure, confirming the importance
of understanding the molecular regulation of hepatic
glucose homeostasis. There is a considerable literature
describing the expression and function of receptors
that regulate glucose uptake and release by hepatocytes, the most import cells in glucose regulation and
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INTRODUCTION
Provision of a regular supply of glucose and other
carbohydrates for fuel is vital for human survival and
these are transported into cells using members of a family of integral membrane glucose transporter (GLUT)
molecules[1]. To date 14 members of this family, also
called the solute carrier 2A (SLC2A) proteins have been
identified which can be divided on the basis of transport
characteristics (intrinsic or inducible, specificities) and
sequence similarities[2] into several families (Classes 1 to
3)[3,4]. The expression of these different receptor subtypes varies between different species, tissues and cellular
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increased mortality[20] leading to its use as a diagnostic/
prognostic marker in some cancers[21,22].
The GLUT-2 (SLC2A2) gene located on chromosome 3q26-1-q26.2 encodes a 524 amino acid protein.
GLUT-2 can efficiently transport sugars due to its high
Vmax and Km for glucose, and is well suited to managing large bi-directional fluxes of glucose in and out of
cells[23]. It also transports other dietary sugars such as
galactose, mannose and fructose with a high affinity for
glucosamine[11,24,25]. GLUT-2 is highly expressed in the
liver, pancreatic beta cells, and on the basolateral surface
of kidney and small intestine epithelia[26,27] with expression regulated by sugars and hormones [23,28]. Glycogenosis in the rare autosomal recessive disorder FanconiBickel Syndrome has been associated with mutations in
GLUT-2[29], and diabetes mellitus in patients with prolonged hepatitis C virus (HCV) infection has been linked
to virally-induced reduction in hepatocyte expression of
GLUT-2[30].
GLUT-3 (SLC2A3) was initially identified from muscle cell cDNA[31]. Expression localises to the membrane
of slow twitch muscle fibres[32] and it is implicated in
muscle regeneration and cell fusion[33]. However its major
role is in neurons, supplying the high glucose demands
in the brain [11,34] and it is increased in brain tumour
cells[35]. The gene for GLUT-3 is located on chromosome
12p13.3 and encodes a 496aa protein[12] which transports
glucose with a high affinity (K m = 1.8 mmol/L) and
maltose, xylose, dehydroascorbic acid, mannose and galactose[25]. It is also present in fat, kidney, heart, placenta
and liver at lower levels[36], and is vital for the supply
of substrate to early post-implanted embryos[37]. White
blood cells, which need an increased supply of glucose
to fuel immune functions, express several GLUTs including GLUT-3[34] the expression of which is decreased in
diabetes[38].
GLUT-4 (SLC2A4) was cloned and sequenced by
several groups in 1989[39-41]. It is a 55kDa protein responsible for more than 50% of all body glucose uptake[42].
In the absence of insulin it is sequestered in intracellular vesicles and rapidly translocated to the plasma
membrane in response to insulin. GLUT-4 transports
glucose (Km = 5-6 mmol/L), dehydroascorbic acid and
glucosamine[11,24]. Highest levels of expression are detected in insulin sensitive tissues such as skeletal and
cardiac muscle, brown and white adipose tissue[11] and
endothelial cells[43]. Expression has also been documented in monocytes, and like GLUT-3 is reduced in insulinresistant individuals[44]. Mutations in the gene have been
associated with diabetes.
GLUT-14 (SLC2A14) was identified and cloned
by Wu X et al[45] in 2002. It is located on chromosome
12p13.3, has a high sequence similarity to GLUT-3 and
may have arisen as a result of gene duplication. The
protein contains sugar transporter signature motifs predicted to exhibit glucose transport activity[45]. Two splice
variants have been identified in the testis[45]. Mutations
of GLUT-14 and its drosophila homologue have been
associated with Alzheimers disease in genome wide as-

subtypes and each has differential sensitivities to stimuli
such as insulin.
The liver is a contributor to metabolic carbohydrate
homeostasis and is a major site for synthesis, storage
and redistribution of carbohydrates. At its simplest,
after a meal hepatocyte GLUTs take up glucose from
the portal bloodstream and it is converted to glycogen
for storage. In a glucose-depleted state, this glycogen
can then be converted back to glucose for fuel with up
to 70% of total hepatic glucose production arising via
this route[5]. Situations in which the balance of glucose
homeostasis is upset such as diabetes or the metabolic
syndrome can lead metabolic disturbances that drive
chronic organ damage and failure, which confirms the
importance of understanding the molecular regulation
of glucose homeostasis. The liver is the major store of
glycogen, regulates the availability of glucose and acute
liver failure is associated with profound hypoglycemia.
This has led to a large body of work investigating the
expression and function of receptors that regulate
glucose uptake and release by hepatocytes, the most
import cells in glucose regulation and glycogen storage
but there is less appreciation of the roles of GLUTs
expressed by other cell types within the liver. Thus to
date expression of GLUT-1, GLUT-2 [6,7], GLUT-9 [8]
and GLUT-10[9] has been documented on hepatocytes
but little is known about their expression or function on
other cell types. However all cells require carbohydrate
to function and there is evidence that non-parenchymal
cells may contribute to glucose disposal. For example
sinusoidal endothelial cells bind insulin with high affinity,
and endothelial insulin-responses may be rate-limiting
for glucose uptake[10]. Thus a better understanding of the
detailed cellular distribution of GLUTs in human liver
tissue may shed light on mechanisms underlying disease
pathogenesis. We begin by discussing the extrahepatic
expression and functions of these proteins.

EXTRAHEPATIC EXPRESSION AND
FUNCTION OF CLASS Ⅰ GLUCOSE
TRANSPORTERS
This family contains the proteins GLUTs 1 to 4 and 14
(SLC2A1-4, 14). The gene for GLUT-1 (SLC2A1) the
most ubiquitous transporter is located on chromosome
1p35-p31.3 and generates a 54 Kd protein in humans
and rodents[11]. It has a high Km for glucose (Km = 1-2
mmol/L) and is mainly responsible for basal glucose
and uptake[12], but can also transport other hexose carbohydrates including mannose, galactose, glucosamine,
3-O-methylglucose and 2-deoxy-d-glucose. GLUT-1
is, expressed in most cells[13] at low levels, with highest
expression reported on erythrocytes, the blood brain
barrier, neuronal membranes, eye, placenta and lactating
mammary glands[14-16]. Murine embryonic expression also
suggests a developmental role[17,18]. Over expression of
GLUT-1 has been documented in a variety of tumours[19]
and is associated with increased proliferation rates and
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sociation studies in patients and insect models[46,47] and
may explain the reported brain-specific dyregulation of
glucose metabolism seen in this condition.

and similarly elevated in diabetes[8].
Three distinct isoforms of GLUT-11 (SLC2A11)
have been identified in humans, with distinct but overlapping tissue expression patterns. Thus GLUT-11-A is expressed in skeletal muscle, kidney and heart, GLUT-11-B
in adipose tissue, kidney and placenta, and GLUT-11-C
in pancreas, heart, adipose tissue and skeletal muscle[69-72].
Muscle expression is localised to slow twitch fibres[73]
and appears to be involved in myeloma cell viability and
proliferation[74]. All three variants of GLUT-11 exhibit
transport activity for both glucose and fructose but not
galactose when expressed in Xenopus oocytes[58,70].

EXTRAHEPATIC EXPRESSION AND
FUNCTION OF CLASS Ⅱ TRANSPORTERS
This family contains the transporters GLUT-5, GLUT-7,
GLUT-9 and GLUT-11. GLUT-5 (SLC2A5) mRNA is
detected mainly in the small intestine were it is found
at both the apical and basolateral membranes and functions to absorb dietary fructose (Km = 6 mmol/L)[11,48,49].
It is also expressed at lower levels in the human kidney,
microglial cells, adipocytes, muscle, brain, and testes[49,50],
and in common with other transporters, expression is
increased in human malignant tumours[51]. The protein
exhibits no activity for glucose transport in humans
or mouse[11,52] and its localization is not regulated by
insulin[50,53]. There is a growing interest in fructose consumption and its link with the metabolic syndrome,
type 11 diabetes and obesity[49] since consuming foods
and beverages which contain excessive amounts of
fructose has been linked to nonalcoholic fatty liver disease (NAFLD)[54]. The thiazolidinedione drug pioglitazone[55], which is used to treat type Ⅱ diabetes, decreases
GLUT-5 mRNA (52%) and protein (40%) in muscle
fibres of type II diabetic subjects.
The GLUT-7 (SLC2A7), which was originally cloned
from a human intestinal cDNA library[56], has considerable sequence similarity to GLUT-5[57] and is involved in
uptake of sugars via facilitative diffusion mechanisms.
Like GLUT-5 it has substrate specificity for both glucose and fructose and a key Ile-314 residue confers hexose specificity and is essential for fructose transport[58].
GLUT-7 mRNA is detected in the small and large intestines at the brush border membrane of enterocytes[11,49];
it is also detected in the prostate and testis[56]. Interestingly, disparities between the localisation of expression
within the small intestine and glucose and fructose
substrate availabilities suggest that alternate ligands may
exist[57].
GLUT-9 (SLC2A9) shares sequence homology[59,60]
and substrate specificities [58] with GLUT-5, GLUT-7
and GLUT-11 and, together with GLUT-2, is important
for glucose-sensing by pancreatic B-cells[61]. Expression
is localised to liver, kidneys, leukocytes[62], pancreas[61],
placenta, lung[63], testis and adrenal gland. Two alternate
isoforms have been identified, termed GLUT-9a and
GLUT-9b[64,65], and alternative splicing results in differential subcellular localisation. Both isoforms have also
been reported to transport urate with high affinity[66],
and polymorphisms in the GLUT-9 gene are linked
with an increased predisposition to gout[67]. Some polymorphisms have also been associated with an increased
incidence of diabetes in Chinese populations[68]. GLUT9a expression increases in pregestational and gestational
diabetes, and GLUT-9b is increased by insulin [59]. In
mouse, three isoforms of this transporter are reported,
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EXTRAHEPATIC EXPRESSION AND
FUNCTION OF CLASS Ⅲ TRANSPORTERS
This family constitutes the evenly numbered transporters
GLUT-6, GLUT-8, GLUT-10, GLUT-12 and GLUT-13.
GLUT-6 (SCL2A6)[62] is widely expressed in normal and
malignant tissue. mRNA has been detected in peripheral
leucocytes, brain[72] and spleen[11] as well as in pancreas,
testis, colon[62] and adipose tissue[75]. Subcellular protein
expression varies with plasma membrane localisation
in renal collecting tubule cells and cytoplasmic localisation in germinal cells of the testis and smooth muscle.
GLUT-6 has significant sequence identity with GLUT-3
and may have arisen through insertion of GLUT-3 sequence into another gene on chromosome 5[76].
GLUT-8 (SLC2A8) is a high capacity intracellular
GLUT[77] composed of 447 amino acids containing an
N-terminal dileucine motif that permits trafficking via
adaptor proteins to different organelles[77,78]. Expression
is highest in the testis and[79], following insulin stimulation increases in the mid-piece of mature spermatozoa
and translocates to the acrosome where the spermatozoa
take up glucose to drive motility and the acrosome reaction. GLUT-8 may compensate for a lack of GLUT-4
in spermatozoa[80,81] and the preimplantation blastocyst,
which demonstrates insulin stimulated glucose uptake via
GLUT-8 translocation[82]. GLUT-8 is also found in some
insulin receptive tissues including adipose tissue, muscle,
brain, adrenal glands, spleen, heart and the liver[62,83,84],
but not adipocytes[75] or neuronal cells[85].
GLUT-10 (SLC2A10) is a 541aa protein in humans
and 513aa in zebrafish[11,86], which transports both glucose and galactose with high affinity[87]. It is expressed
in the brain, lungs, adipose tissue[88], heart, placenta, and
skeletal muscle with highest expression in the liver and
pancreas[9,87]. The GLUT-10 gene, located on chromosome 20q12-13.1[89] has been linked with type Ⅱ diabetes[9,90]. However other studies do not show any association with a diabetic phenotype[91,92]. Development of the
cardiovascular system and TGFb signalling are linked to
GLUT-10 function[93] and mutations are associated with
altered angiogenesis and arterial tortuosity syndrome[93,94]
as a consequence of a loss of regulation of smooth
muscle mitochondrial antioxidants production in the absence of functional GLUT-10[89].
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Table 1 Summary of reported hepatic expression of glucose transporters isoforms
Class

GLUT
isoform

Class Ⅰ

GLUT1

Yes

GLUT2
GLUT3
GLUT4
GLUT14
GLUT5
GLUT7
GLUT9

Yes
Yes
Yes
No
Yes
No
Yes

GLUT11
GLUT6
GLUT8
GLUT10
GLUT12
GLUT13

Yes
Yes
Yes
Yes
Yes
No

Class Ⅱ

Class Ⅲ

Hepatic Subcellular expression/localisation
expression
Sinusoidal membrane of hepatocytes, protein restricted to hepatocytes proximal
to the hepatic venule, also expressed on endothelial cells, kupffer cells and
cholangiocytes; hepatocyte expression in HCC
Hepatocytes
Hepatocytes, bile canalicular membrane more enriched than sinusoidal membrane
Stellate cells
Normal liver tissue hepatocytes (cytoplasmic)
Majority of expression in hepatocytes of normal liver and HCC with cytoplasmic
expression in pericentral areas

Perivenous hepatocytes

Protein/
mRNA

Ref.

Both

[110,113,115,116,120]

Protein
Protein
mRNA

[124-126]
[115,116,132]
[115,116,134]

Both
Protein

[51,115]
[140]
[51]

mRNA
mRNA
Both
mRNA
mRNA

[115]
[76]
[115,143]
[86,115]
[98]

The table summarizes the evidence presented within this review to highlight the reported hepatocellular expression of glucose transporter (GLUT) isoforms
at message and protein level. Pertinent references are cited in the extreme right hand column. mRNA: Micro RNA; HCC: Hepatocellular carcinoma.

GLUT-12 (SLC2A12) was originally identified in the
MCF-7 breast cancer epithelial cell line[95]. It is expressed
in insulin sensitive tissues in humans and rodents including adipose tissue, skeletal muscle (major expression in
type 1 oxidative fibres) and heart[72,88,96-98] as well as human chondrocytes[99]. GLUT-12 is also found in placenta,
small intestine, heart and tumours with a high metabolic
and capacity glucose utilisation [100-103]. In normal human muscle GLUT-12 undergoes PI3 kinase dependent
translocation from an intracellular region to the plasma
membrane[104]. Its expression in insulin sensitive tissues,
and evidence that overexpression of GLUT-12 in mice
improves glucose clearance rate and whole body insulin
sensitivity[105] confirm that this transporter is insulinsensitive. The GLUT-13 (SLC2A13) gene encodes a 629
amino acid protein, located on chromosome 12q12. It is
a H+/myo-inositol co-transporter[11,106,107] also known as
HMIT[108] in neuronal cells[106,108]. Although there are no
known reports of glucose activity for GLUT-13[11], the
rat gene contains motifs which are important for glucose
transport activity (http://omim.org/entry/611036).

significance[109-111]. A good example is the finding that
diabetes in HCV is a consequence of virally induced
downregulation of GLUT-1 and GLUT-2 on hepatocytes[30]. Similarly, transport of key substrates such as
fructose has been linked to NAFLD[54]. Dysregulated
glucose homeostasis and insulin resistance in NAFLD is
associated with chronic organ damage affecting multiple
hepatic cell types. The expression levels of transporters is not only regulated by insulin and glucose levels
but also by cytokines including interleukin-6, which is
increased in obesity and diabetes and can amplify insulin resistance via effects on GLUT-4[112]. The hexose
transporters also play important roles in the function of
cholangiocytes[113], endothelial cells and stellate cells[114].
Thus we summarise the current state of knowledge regarding hepatocellular expression of the GLUT family
of proteins, in order to highlight their potential role in
tissue homeostasis and disease (Table 1).

LIVER SPECIFIC EXPRESSION OF
GLUCOSE TRANSPORTER MOLECULES

The widespread expression of GLUT-1 includes the liver although the precise cellular distribution remains controversial. Because hepatocytes are capable of gluconeogenesis their need for glucose uptake is modest. GLUT-1
is expressed on the sinusoidal membrane of rat and porcine[115,116] hepatocytes, and may be expressed to a greater
extent than GLUT-2 during early post-natal development[117]. Expression of both GLUT-1 and GLUT-2 by
foetal hepatocytes allows for efficient glycogenesis at
low plasma glucose concentrations[118]. In adult animals,
expression is strongest in the central acinar zones[119].
Transcription and microsomal expression of GLUT-1
is detected in periportal and perivenular hepatocytes
but membrane localisation is restricted to hepatocytes

HEPATIC EXPRESSION OF
CLASS Ⅰ TRANSPORTERS

The data reviewed above reveal the widespread distribution and diverse function of extrahepatic transporter
proteins but much less is known about their expression
and function it the liver. Surprisingly, there are few studies documenting changes in expression and function in
disease. Defining local expression of GLUTs in tissue
will shed light on disease pathogenesis. For example, diabetes is associated with altered expression of GLUT-1,
GLUT-2, GLUT-3 and GLUT-8 and GLUT-9 (reviewed
in [8]) and abnormal GLUT-1 expression on tumour
endothelium in HCC has prognostic and diagnostic
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Figure 1 Expression of glucose transporter glucose transporters 1-13 micro RNA in normal human livers. This figure contains unpublished data generated by
the authors. Livers were collected from patients at the Liver Unit, Queen Elizabeth Hospital, Birmingham, United Kingdom with appropriate informed written consent
and local ethics committee approval. Micro RNA was extracted using standard protocols and integrity was confirmed using an Agilent 2100 Bioanalyser. Transcriptome
analysis was carried out for all samples using Agilent Human Whole Genome Oligo Arrays (G4112F) in accordance with Agilent one colour microarray gene expression analysis protocol. Results are expressed as means of five normal livers ± SE, and were run on triplicate plates. Data were normalized to pooled endogenous
controls and differential expression is represented as power 2-∆CT. bP < 0.01 vs glucose transporters (GLUT) 2.

proximal to the hepatic venule[120] under basal conditions.
Our own microarray analysis of human normal livers
confirms expression of GLUT-1 and GLUT-2 in total
liver mRNA (Figure 1). In hepatocellular carcinoma,
variable cytoplasmic GLUT-1 is detected and is has been
used to distinguish between cholangiocarcinomas and
hepatocellular carcinomas (HCC)[109] and has even been
proposed as a therapeutic target for HCC[110]. Exposure
of rodents to alcohol and high fat feeding results in increased GLUT-1 and decreased GLUT-2 expression in
hepatocytes which presumably reflects changes in energy
metabolism in response to the dietary changes[121].
Non-parenchymal cells, which cannot carry out gluconeogenesis, rely on glucose uptake rather than endogenous generation. GLUT-1 is the dominant receptor on
both endothelial cells and Kupffer cells and levels increase
in response to even brief exposure to LPS[122]. Interestingly, acute liver failure has been associated with increased
GLUT-1 expression on cerebral vasculature in response
to elevated circulating ammonia levels[123]. Cholangiocytes
demonstrate basolateral expression of GLUT-1[113] which
facilitates absorption of glucose from bile.
GLUT-2 fulfils the major glucose transport role in
hepatocytes[36,124] (Figure 1). The protein localises to the
sinusoidal plasma membrane of normal[23,125] and malignant hepatocytes. Historical reports suggest a Km for
glucose transport of up to 66 mmol/L in intact rat hepatocytes[126] although contribution from other transporters
likely contributes in this study since others report lower
values between 10 mmol/L and 20 mmol/L[23]. GLUT-2
promotes rapid glucose efflux following gluconeogenesis. In the fasting state the liver produces glucose via
glycogenesis or glycogenolysis with the conversion of
glucose 6 phosphate into glucose preceding release via
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GLUT-2[23]. However in the fed state glucose and insulin
levels rise and inhibit endogenous glucose production
through effects on enzymes involved in gluconeogenesis.
This is associated with removal of membrane GLUT-2
and a subsequent fall in GLUT-2 mediated release[23].
Excess glucose is stored as glycogen or converted to lipids and hepatocyte GLUT-2 and the insulin receptor are
internalised together into endosomes in response to insulin[23,127,128]. In mice lacking GLUT-2 the rate of hepatic
glucose production is not impaired indicating the presence of a facilitated diffusion-independent mechanism
for glucose release[129]. Thus the major role of hepatocyte GLUT-2 is to regulate efflux rather than uptake of
glucose. However, in obesity insulin resistance drives an
increase in GLUT-2 levels that may further exacerbate
metabolic dysfunction in NAFLD[130].
Much less is known about the hepatic expression and
function of GLUT-3. GLUT-3 is expressed in porcine
livers[115] and localised to the plasma membrane of rat
hepatocytes. Expression is focussed on the bile canalicular membrane rather than the sinusoidal membrane[116].
Mice with GLUT-3 haploinsufficiency develop obesity
and insulin resistance associated with hepatic steatosis,
possibly as a consequence of foetal glucose insufficiency[131]. GLUT-3 expression is increased on both primary
and metastatic hepatic tumours, which might reflect an
increased need for glucose uptake in cancer [132]. Low
levels of GLUT-3 have been reported in the human
liver[36] and are supported by our microarray analysis but
detailed human studies are lacking and little is known
about changes in disease.
Whilst the liver is generally considered to lack significant expression of GLUT-4[133], a recent study reports
expression of GLUT-4 mRNA in porcine liver[115]. Al-
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though there is little evidence for expression in hepatocytes, GLUT-4 has been detected in sinusoidal endothelial cells and stellate cells where it can mediate glucose
uptake by semicarbazide sensitive amine oxidase mediated effects on insulin receptor signalling[134] which explains our findings of expression at mRNA level in humans (Figure 1). Expression on stellate cells is enhanced
by leptin signalling[114] leading to HSC activation that may
contribute to fibrogenesis in NAFLD. In contrast, in
murine models of diet-induced obesity GLUT-4 mRNA
is decreased in the liver[135] and cirrhosis is associated
with decreased extrahepatic GLUT-4 mRNA[42]. Deletion of skeletal muscle GLUT-4 results in redirection of
excess circulating glucose to the liver where is becomes
fuel for conversion to lipid storage[136-138]. Thus glucose
homeostasis is maintained by a complex relationship
between intra- and extra hepatic levels of GLUT-4 regulated by metabolic activity and dietary intake. To date
there are no published reports concerning expression of
GLUT-14 in the liver.

recently identified Class Ⅲ transporters although our
microarray data (Figure 1) is indicative of some degree
of expression. Presence of mRNA for GLUT-6 has
been described in hepatoma cell lines but has not been
detected in normal human liver[76]. GLUT-8 mRNA has
been detected in perivenous hepatocytes in pig[115] and
mouse[144] livers where it may regulate glycolytic flux.
Mice with type Ⅰ diabetes show decreased expression
whereas expression increases in insulin resistance and
type Ⅱ diabetes suggesting that expression is regulated
by insulin[144]. Hepatic expression of GLUT-10 has been
reported in pigs[115] and zebrafish[86] but we are unaware
of any data in humans. GLUT-12 mRNA has been documented in all bovine tissues including the liver where
levels are low compared to spleen and skeletal muscle[98],
but again detailed cellular expression data is currently
lacking. There are no known reports of GLUT-13 expression in the liver.

CONCLUSION
Systemic carbohydrate homeostasis is maintained by
a complex relationship between organs such as the
pancreas, intestine, muscle and liver. Intra- and extra
hepatic levels of GLUT molecules are regulated in part
by metabolic activity, dietary intake, and disease state.
For example, diabetes is associated with altered expression of GLUT-1, GLUT-2, GLUT-3 and GLUT-8 and
GLUT-9[8] and abnormal GLUT-1 expression on tumour
endothelium in HCC [109-111] permits efficient glucose
uptake by tumour cells even at low blood glucose concentrations. Chronic fructose intake drives glucose and
glycogen storage, lipogenesis and production of lipogenic intermediates as well as promoting production of
very-low-density lipoproteins[145]. This suggests that the
reported hyperlipidaemic and hyperuricaemic effects
of fructose, coupled with macrovesicular steatosis and
lobular inflammation patterns[146] characteristic of human NAFLD seen in rodents fed high fructose diets,
may be enhanced in the context of altered expression of
fructose transporters within the hepatic parenchyma and
especially so for individuals with high fructose intake
or pre-existing hyperlipidaemia or metabolic syndrome.
New data is increasingly suggesting the merits of targeting members of the GLUT family therapeutically. Thus
overexpression of GLUT-1 in tumours, particularly
those with poor prognosis has been suggested as a possible means to selectively inhibit tumour cell metabolism[147], although expression of GLUT-1 red blood cells
will likely preclude use therapeutically. Similarly targeting
of GLUT-3, which is involved in neovascularisation in
glioblastoma has been suggested to prevent resistance
to conventional therapy[148], and GLUT-4 is of particular
interest in the context of diabetes and insulin resistance,
with efforts underway to design therapeutics to enable
appropriate glucose uptake independently of insulin
stimulation [149]. Alterations in hepatic expression of
GLUT transporters have been described in response to

HEPATIC EXPRESSION OF CLASS Ⅱ
TRANSPORTERS
GLUT-5 protein has been detected in human hepatocytes [51] although low to undetectable RNA levels in
pigs[115] imply species-specific differences in GLUT-5 expression. Hepatic metastases from lung and breast cancer are GLUT-5 positive[132] but under normal conditions
liver expression is minimal (Figure 1). A mechanistic link
between elevations in GLUT-5 expression in small intestine and alterations in hepatic metabolism[139] has been
suggested.
GLUT-7 was initially reported as a hepatic microsomal GLUT found in the endoplasmic reticulum, which
facilitated the release of glucose formed in the process
of gluconeogenesis and glycogenolysis for export into
the blood[36,140]. However this has recently been challenged by studies showing that neither human nor rat
livers contain GLUT-7 mRNA[141] and our data in Figure
1, suggesting that the previous findings were due to a
cloning artefact. Definitive studies need to be performed
to clarify the situation.
GLUT-9 has been detected in the cytoplasm of
pericentral hepatocytes in normal human liver and in
HCC[51]. The receptor appears to be functional for glucose transport because plasma membrane expression of
GLUT-9 correlates with glucose influx in HepG2 cells[142]
and GLUT-9 inactivation in mouse hepatocytes leads to
hyperuricosuria[143]. Although GLUT-11 mRNA has been
detected in porcine liver[115], there are no studies documenting expression of GLUT-11 in the human liver.

HEPATIC EXPRESSION OF CLASS Ⅲ
TRANSPORTERS
Little is known about the hepatic expression of the
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insulin resistance and hyperlipidaemia, alcohol consumption, viral infection and carcinogenesis, with diverse
functions including biliary transport, fibrogenesis, urate
transport and angiogenesis executed by family members
in extraparenchymal cells. Combined with the central
role of the liver in regulation of circulating carbohydrate therefore, future definition of the spatial, temporal
and disease-specific expression of GLUTs within the
liver microenvironment is key to understanding disease
pathogenesis and potential hepatic complications of systemic inhibition.
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INTRODUCTION
It is desirable to have simple diagnostic tests and disease markers for use in the assessment and follow up
of chronic diseases such as inflammatory bowel disease
(IBD). These markers should be easy to perform, acceptable to both patients and health workers, economical, ideally non-invasive and have a high sensitivity and
specificity. Calprotectin, first described in 1980[1], is a
protein found in the cytosol of neutrophils and macrophages composed of two subunits S100A8 and S100A9.
It can be detected in plasma, urine, cerebrospinal fluid,
faeces, saliva, synovial fluid and colonic biopsies[2]. It is
stable in faeces for up to seven days at room temperature and has a homogenous distribution in faeces [3],
properties which lend it to testing spot faecal samples.
There has been recent emphasis of the involvement of
the innate immune system in the pathogenesis of IBD[4].
Calprotectin is classed as a damage associated molecular
pattern protein (DAMP) having antimicrobial protective
properties. DAMPs are released by the innate immune
system from damaged or activated cells, initiating and
perpetuating the immune response. The extracellular release of calprotectin during times of cell stress/damage
makes it an accurate marker of intestinal inflammation.
As early as 1992 it was shown that faecal calprotectin

Abstract
The inflammatory bowel diseases (IBD), Crohn’s disease
and ulcerative colitis, are chronic relapsing, remitting
disorders. Diagnosis, along with assessment of disease
activity and prognosis present challenges to managing
clinicians. Faecal biomarkers, such as faecal calprotectin, are a non-invasive method which can be used to aid
these decisions. Calprotectin is a calcium and zinc binding protein found in the cytosol of human neutrophils
and macrophages. It is released extracellularly in times
of cell stress or damage and can be detected within faeces and thus can be used as a sensitive marker of intestinal inflammation. Faecal calprotectin has been shown
to be useful in the diagnosis of IBD, correlates with mucosal disease activity and can help to predict response
to treatment or relapse. With growing evidence supporting its use, over the last decade this faecal biomarker
has significantly changed the way IBD is managed.
© 2012 Baishideng. All rights reserved.
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is elevated in patients with both ulcerative colitis (UC)
and Crohn’s disease (CD)[3] and this has been confirmed
by subsequent studies[5-9]. Calprotectin levels in faeces
correlate with faecal excretion of 111-indium labelled
leucocytes, deemed to be the gold standard for measuring intestinal inflammation (r = 0.80, P < 0.0001)[5].
Disadvantages of this gold standard test compared with
calprotectin are the exposure to radiation, cost and the
three day collection of faeces. Faecal calprotectin levels
have also been shown to correlate well with radiolabelled
white cell scanning, another method of assessing intestinal inflammation, in adults with CD[10]. Spot faecal
samples of < 5 g have been shown to be as reliable as 24
h collection samples for measuring calprotectin levels[3]
indicating that calprotectin is evenly distributed throughout the faeces.
An elevated faecal calprotectin is not specific for
IBD. Any inflammatory process within the gastrointestinal tract will result in the activation of the innate
immune response and release of calprotectin. Faecal calprotectin concentration has been shown in studies to be
elevated in many conditions including infection, colorectal cancer, untreated coeliac disease, microscopic colitis
and diverticulitis[11-13]. Non-steroidal anti-inflammatory
drugs (NSAIDs) have been shown to cause significant
increases in faecal calprotectin levels within seven days
due to NSAIDs induced intestinal inflammation with endoscopic correlation[14,15]. Proton pump inhibitors (PPIs)
have been associated with significantly elevated faecal
calprotectin levels, regardless of reason for PPI[16].
Initially faecal calprotectin concentration was reported in mg/L, but more recent assays (post 2000) usually report faecal calprotectin concentration as μg/g. To
compare these results, faecal calprotectin concentrations
obtained using assays pre-2000 need to be multiplied by a
factor of five.

patients is costly, invasive and has associated morbidity
and mortality. Serum markers of inflammation such as
C reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) in isolation are not sufficiently sensitive or
specific for the diagnosis of IBD[7]. The use of faecal
calprotectin to distinguish between IBD and IBS has
been analysed in several studies. In 2000 Tibble et al[7]
presented results of a prospective study of 220 consecutive patients in whom the principal differential diagnosis
was that of either IBS or CD. They excluded patients
with UC on sigmoidoscopy and biopsy. A diagnosis of
CD was made from a combination of radiological, endoscopic and histological investigations. A diagnosis of IBS
was made on basis of normal investigations and a compatible history fulfilling the Rome criteria. All patients
subsequently diagnosed with CD had significantly higher
faecal calprotectin concentrations than those with IBS.
The investigators found that using a cut-off point of 30
mg/L faecal calprotectin had a 100% sensitivity and 97%
specificity in discriminating between active CD and IBS.
Schoepfer et al[17] looked at the accuracy of faecal
biomarkers alone and in combination with the IBD antibodies, antineutrophil cytoplasmic antibody (ANCA)
and anti-Saccharomyces Cerevisiae manna antibody (ASCA),
in discriminating IBD from IBS. They found that the
overall accuracy of faecal calprotectin for discriminating
between IBD and IBS was 89% (sensitivity 83%, specificity 100%). There was only a marginal increase in overall
accuracy when faecal calprotectin was combined with
IBD antibodies to 91%.
Faecal calprotectin has been studied as a tool to predict abnormal small-bowel radiology[18]. The study looked
at 73 consecutive patients attending for small bowel follow through whose presenting symptoms were consistent with a possible diagnosis of IBD. The control group
consisted of 25 patients with IBS, 25 normal volunteers
and 25 patients with active CD. A faecal calprotectin level above 60 μg/g predicted all abnormal barium follow
through results. The negative predictive value of a single
calprotectin result below 60 μg/g of stool was 100%
compared with 91% each for erythrocyte sedimentation
rate cut off of 10 mm and C-reactive protein of 6 mg/L.
Somewhat in contrast to this Sipponen et al[19] found that
faecal calprotectin had a low utility for predicting the
presence of small bowel CD on wireless capsule endoscopy, sensitivity was low at 59% with a moderate specificity of 71% using a cut-off of 50 μg/g.
A recent meta-analysis analysed 30 prospective studies comparing the diagnostic precision of faecal calprotectin against a histological diagnosis[20]. Summary
receiver operating characteristic curve analysis showed
a sensitivity of 0.95 (95% CI: 0.93-0.97), specificity of
0.91 (95% CI: 0.86-0.91), and an area under the curve
(AUC) of 0.95 for the diagnosis of IBD. The diagnostic
precision of faecal calprotectin for IBD was higher in
children than adults with better accuracy at a cut-off
level of 100 μg/g vs 50 μg/g. This meta-analysis also
showed that faecal calprotectin was superior to CRP,
ESR, ASCA, perinuclear anti-neutrophil cytoplasmic an-

USE OF FAECAL CALPROTECTIN IN
DIAGNOSIS OF IBD
Diagnosis of IBD has historically been based on a com
bination of clinical history and examination, blood
parameters, radiology and endoscopy. The addition of
a faecal biomarker able to reduce the need for invasive
endoscopic procedures or exposure to radiation is advantageous.
Limburg et al[12], in 2000, published a study of 110
patients attending for colonoscopy for the investigation
of chronic diarrhoea showing that increased faecal calprotectin levels were significantly (P = 0.0001) associated
with the presence of colorectal inflammation (CD, UC,
microscopic colitis or diverticulitis). Within the colonic
inflammation subgroup, calprotectin concentrations were
highest amongst subjects with IBD. The negative predictive value of faecal calprotectin in this dataset was 93%.
IBD and irritable bowel syndromes (IBS) can present
in a similar clinical fashion with symptoms such as diarrhoea and abdominal pain. Routine colonoscopy in these
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tibodies and anti-Escherichia coli outer membrane porin C
antibody in diagnosis of IBD.
Thus it can be stated that a normal faecal calprotectin result, in the absence of ‘red flag’ symptoms and in
the context of positive Rome criteria, is associated with
a high likelihood of subsequent non-organic diagnosis
and further endoscopic or radiological evaluation may
be avoided in such patients. A meta-analysis published
in 2010 to assess whether the use of faecal calprotectin
reduces the number of unnecessary endoscopic procedures in the investigation of suspected IBD showed that
screening with faecal calprotectin would result in a 67%
reduction in the number of adults requiring endoscopy.
The downside of this screening strategy is delayed diagnosis in 6% of adults because of a false negative test
result[13].
Faecal calprotectin appears to better reflect disease
activity in UC rather than CD[21] but faecal calprotectin
has not been found to be useful in distinguishing UC
from CD. Quail et al[22] looked at faecal calprotectin concentrations in Scottish children with a diagnosis of IBD;
there was no statistical difference in calprotectin concentrations between CD and non-Crohn’s patients (UC or
IBD type unspecified).

treatment. In a study looking at 11 patients with relapsing IBD[33] (11 CD and 27 UC) faecal calprotectin was
analysed at inclusion and after 8 wk of treatment (end
of study). Treatment was individualised medical therapy.
A normalised faecal calprotectin concentration at 8
weeks predicted a complete response in 100% patients.
There was a significant decline in faecal calprotectin
levels (P < 0.001) in patients with UC responding to
treatment defined as normalisation of clinical and endoscopic scores. Within the small subgroup of patients
with CD although 81% of patients achieved a complete
clinical response defined clinically as a Harvey Bradshaw
Index[34] (HBI) ≤ 5 there was no significant decline in
calprotectin levels. This study was limited by small numbers and also the lack of endoscopic evidence of disease
activity or remission in CD patients, it is possible that
these patients had ongoing subclinical inflammation. In
fact it has been shown that in patients with steroid induced clinical remission faecal calprotectin levels can remain elevated[35,36]. This finding is in keeping with earlier
studies showing incomplete mucosal healing in patients
treated with corticosteroids[37]. Sipponen et al[35] were able
to show a significant decrease in faecal calprotectin (P =
0.005) in patients with CD who responded both clinically and endoscopically (using CDEIS) to an individualised
escalation of treatment. There was no significant change
in faecal calprotectin concentration in patients without
endoscopic response.
Faecal calprotectin may be able to predict colectomy
in patients with acute severe UC. Ho et al[38] showed
that in patients with acute severe UC requiring inpatient
treatment with intravenous corticosteroids faecal calprotectin was significantly higher in patients who failed to
respond to medical therapy and required colectomy than
those who did not (P = 0.04). The AUC was 0.65 (P =
0.04) for faecal calprotectin to predict colectomy with a
maximum likelihood ratio of 9.23 at a cut-off of 1922.5
μg/g (specificity of 97.4%). Overall in the study faecal
calprotectin concentrations were high with 86% of patients having levels of > 500 μg/g (median 1020 μg/g).
Faecal calprotectin can be used to monitor response
to biological therapy. Palmon et al[39] showed that faecal calprotectin concentration decreases significantly at
week 2 after an infliximab (IFX) infusion in 17 patients
with CD on maintenance IFX therapy. Calprotectin levels were noted to rise back to baseline values by week
4 again despite a low median HBI. There was no endoscopic assessment of disease activity in this study. The
rise in faecal calprotectin at week 4 may once again indicate a subclinical recurrence of mucosal inflammation.
Sipponen et al[40] assessed the role of faecal calprotectin
in monitoring clinical, using the CD activity index (CDAI)
and CDEIS response to anti-tumor necrosis factor-α
(TNF-α) therapy (IFX or adalumimab) in 15 patients
with CD. Following 12 wk of treatment faecal calprotectin levels declined significantly from baseline level (P
= 0.001) and changes in faecal calprotectin correlated to
endoscopic appearances as scored using CDEIS (Spear-

FAECAL CALPROTECTIN IN DISEASE
ACTIVITY AND RESPONSE TO
TREATMENT
In IBD, the presence of active gut inflammation is associated with migration of leucocytes, including neutrophils, to the gut mucosa [23]. As a result the faecal
stream contains increased levels of these inflammatory
proteins including calprotectin. Faecal calprotectin has
been shown to differentiate quiescent from active disease in both patients with CD and UC[10,24-26]. Correlation
of faecal calprotectin tends to be higher with endoscopic
activity than clinical activity indices[24,27] and indeed some
studies have demonstrated no significant correlation between faecal calprotectin and clinical indices[10,28]. In general faecal calprotectin correlates better with colonic CD
rather than ileal disease[27-31] and an inflammatory rather
than a structuring/penetrating phenotype[27,31]. Sipponen
et al[24] showed that in active disease (CD endoscopic index of severity, CDEIS ≥ 3), faecal calprotectin concentrations were significantly higher in colonic than in ileal
CD. Also, in limited ileal disease faecal calprotectin failed
to correlate with endoscopic activity.
In UC Ricanek et al[32] showed that the median faecal
calprotectin concentration was higher in patients with
extensive and left sided disease distribution compared
with proctitis (740 μg/g, 2106 μg/g, 86 μg/g respectively; P = 0.007 and P = 0.009). There was no significant
difference in faecal calprotectin concentration between
extensive and left sided disease distribution.
There have been several studies looking at the use
of faecal calprotectin to predict or monitor response to
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Table 1 Correlation of faecal calprotectin with endoscopic findings, histology and clinical indices, when available
Ref.

Patient
population

Røseth et al[6]
D'Incà et al[8]
D'Incà et al[8]
Sipponen et al[24]
Schoepfer et al[27]
Jones et al[28]
Sipponen et al[31]
Sipponen et al[40]
Langhorst et al[48]
Langhorst et al[48]
Hanai et al[63]
Schoepfer et al[64]

UC
CD
UC
CD
CD
CD
CD
CD
UC
CD
UC
UC

Endoscopic assessment Correlation coefficient with
score
endoscopy (r )
MAYO
SES-CD
MAYO
CDEIS
SES-CD
SES-CD
SES-CD
CDEIS
MAYO
SES-CD
Matts
Rachmilewitz

0.57
0.48
0.51
0.73
0.75
0.45
0.64
0.83
0.49
0.35
0.81
0.83

Correlation coefficient with
histology

Correlation with
clinical index (r )

NA
r = 0.12
r = 0.32
NA
NA
NA
0.56 (exchange ileal only disease)
0.52 (exchange ileal only disease)
NA
NA
NA
NA

NA
NA
NA
0.397(CDAI)
NA
0.23 (CDAI)
0.32 (CDAI)
NA
NA
NA
0.68 (CDAI)
NA

NA: Not available; MAYO: Mayo score[65]; SES-CD: Simplified endoscopic activity score for Crohn’s disease (CD)[66]; CDEIS: Crohn’s disease endoscopic index of severity[67]; CDAI: Crohn’s disease activity index[68]; Matts: Matts grading[69]; UC: Ulcerative colitis.

man’s rank correlation r = 0.561, P = 0.03) suggesting
that faecal calprotectin is a useful non-invasive marker
of mucosal response to anti-TNF-α treatment.

150 but a normal serum CRP. This lack of correlation
may reflect the population studied as more than half of
the patients had isolated ileal disease and overall disease
activity was low (median CDEIS 3.4).
Interestingly one study in paediatric patients with
IBD showed that calprotectin concentration correlated
more closely with histological inflammation rather than
endoscopic findings suggesting that faecal calprotectin
may be more sensitive than macroscopic endoscopic appearances in evaluating disease activity status[47].

PREDICTING MUCOSAL HEALING
Historically clinical practice has considered interpretation of symptoms and the use of scoring systems such
as the CDAI, HBI and the Rachmilewitz UC activity
index[41] to determine treatment success in IBD. These
indices however tend to reflect patient well-being and
quality of life rather than the degree of mucosal inflammation[10,28]. In both CD and UC there is evidence that
mucosal healing is associated with sustained remission
and reduced need for surgery[42,43] and following ileal
resection the endoscopic appearance of the neoterminal
ileum mucosa at 1 year post surgery has been shown to
predict symptomatic relapse[44]. Thus mucosal healing is
evolving into the new goal of IBD treatment.
Røseth et al[45] have demonstrated that normalisation
of faecal calprotectin concentration corresponds to endoscopic mucosal healing. Seventeen patients with CD
and 28 with UC clinically in remission who had faecal
calprotectin concentrations of < 50 mg/L underwent
endoscopic assessment of their lower GI tract and macroscopic mucosal appearances were assessed. Biopsies
were also taken to assess histological inflammation. All
but one of these patients with faecal calprotectin < 50
mg/L had inactive mucosal disease on colonoscopy.
Several subsequent studies have went on to show that
concentration of faecal calprotectin correlates with both
histological and endoscopic disease activity in IBD and
these are summarised in Table 1. Furthermore, several
of the studies included in Table 1 show that correlation
of faecal calprotectin with endoscopic appearances is
stronger than correlation with clinical indices[28,40].
In contrast to the evidence shown in Table 1, Denis
et al[46] failed to find a significant correlation between
CDEIS and faecal calprotectin concentration. This was
a small study of 28 patients with CD who had CDAI >
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USE OF FAECAL CALPROTECTIN TO
PREDICT RELAPSE
Being able to identify patients at high risk of relapse, and
those with sub-clinical intestinal inflammation, may allow adjustment of their treatment strategy thus preventing clinical relapse. A non-invasive method of identifying
this would reduce cost and risk of morbidity and mortality to patients. As sensitivity and specificity of serum
markers of inflammation correlate poorly with intestinal
inflammation their ability to predict disease relapse is
poor[48,49]. Several studies have looked at the use of faecal
calprotectin to predict relapse in patients with IBD and
have demonstrated significant differences in faecal calprotectin concentration in relapsers compared with nonrelapsers. A summary of these studies is shown in Table
2. Interestingly, faecal calprotectin appears less useful for
predicting relapse in patients with ileal CD compared
with patients with UC or colonic/ileocolonic CD[29,30].
The major outlier in these datasets is the study by Laharie et al[50] which looked at the use of faecal calprotectin to predict relapse specifically in 65 patients with CD
treated with IFX induction regimen and then maintained
on immunomodulator alone. There was no significant
difference in faecal calprotectin concentration between
those patients who relapsed by 14 wk post induction and
those who did not even when the analysis was restricted
to patients with pure colonic disease. No endoscopic
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Table 2 The use of faecal calprotectin to predict relapse
Ref.

Patient population

Cut-off calprotectin level

Sensitivity for relapse
(%)

150 μ/L

Tibble et al[49]
Laharie et al[50]

UC
CD
UC
CD
CD + UC
Ileal CD
CD + UC
CD post IFX

Kallel et al[70]
Gisbert et al[71]

Colonic CD
CD + UC

89
87
70
65
80
83
90
61
43
80
69

Costa et al[21]
D'Incà et al[29]
García-Sánchez et al[30]

130 mg/kg
120 μ/g
223 μ/g
50 mg/L (250 μ/g)
130 μ/g
250 μ/g
340 μ/g
150 μ/g

Specificity for relapse Increased risk of relapse
(%)
82
43
70
62
60
50
83
48
57
90.7
69

14 fold
2 fold
2.4 fold
1.7 fold

18.8 fold

UC: Ulcerative colitis; CD: Crohn’s disease; IFX: Infliximab.

evaluation was performed after IFX induction so although the study did show a median drop in faecal calprotectin concentration of 340 μg/g following induction
there may have been ongoing subclinical inflammation.
Another limitation of this study is that disease relapse
was defined on clinical grounds alone.
Mao et al[51] performed a meta-analysis of the predictive capacity of faecal calprotectin in IBD relapse.
Analysing 6 studies they found a pooled sensitivity of
78% and specificity of 73%. Capacity to predict relapse
was comparable between CD and UC. Due to the small
number of patients the predictive value of faecal calprotectin in ileal only CD patients was not assessed.

intra-abdominal collections. The authors’ conclusion
from this small number of patients was that patients
with low levels of faecal calprotectin after resection who
had symptoms were unlikely to have mucosal inflammation. It should be pointed out thought that there was no
scheduled endoscopic evaluation of the gut mucosa during the 12 mo follow up period.
Pouchitis is an inflammatory condition with significant associated morbidity common in patients post restorative proctocolectomy[55]. Diagnosis can be difficult
histologically due to the patchy distribution of inflammation. Faecal calprotectin has been shown to reliably
differentiate between inflamed and non-inflamed pouches and correlates with severity of pouchitis[55-57] thus may
reduce the need for endoscopic evaluation of the pouch
in some patients.

FAECAL CALPROTECTIN POST-SURGERY
More than 80% of CD patients require surgery within 10
years of diagnosis and by 3-5 years after surgery around
a third of patients will have had a clinical relapse[44,52].
The role of faecal calprotectin in predicting post-surgical
recurrence of CD has been assessed. One study assessed
39 patients with CD undergoing bowel resection[53]. The
majority of patients (67%) had ileocolonic disease. Measurements of faecal calprotectin, CDAI and ultrasound
examination were performed at 3 mo post surgery. Endoscopy was performed at 1 year regardless of patient
symptoms and was considered the ‘gold standard’ for
recurrence of disease. All patients were clinically in remission at 3 mo. Using a cut-off level of 200 mg/L, in
predicting endoscopic post-surgical recurrence, faecal
calprotectin has a sensitivity of 63% and specificity of
75% leading the authors to suggest that patients with
elevated faecal calprotectin levels at 3 mo post surgery
should be assessed endoscopically for early recurrence.
Lamb et al[54] prospectively followed 13 patients for
12 mo post ileocaecal resection for symptomatic CD.
Faecal calprotectin was seen to normalise after uncomplicated surgery at 2 mo and remained within normal
limits in 8 patients who remained clinically in remission.
In the remaining 5 patients there was an increase in faecal calprotectin concentration after initial normalisation
associated with disease recurrence or post operative
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USE OF FAECAL CALPROTECTIN TO
AID DECISIONS OF WITHDRAWAL OF
TREATMENT
There has been focus of late on when and in which patients it is appropriate to withdraw anti TNF-α therapy
driven by costs and concerns about long term safety.
Faecal calprotectin levels may assist in this decision making. Louis et al[58] published results of a prospective study
(STORI) of CD patients who had been in steroid free
remission on IFX for at least six months. Relapse after
IFX withdrawal was associated with various risk factors
including a faecal calprotectin concentration of ≥ 300
μg/g. Other risk factors for relapse identified on multivariate analysis included male sex, absence of surgical
resection, leucocyte counts > 6 × 10/L, haemoglobin ≤
145 g/L and hsCRP ≥ 5.0 mg/L. Patients with no more
than 2 of the above risk factors had a reduced risk of relapse within 1 year (15% compared with 43.9% overall).

POINT-OF-CARE FAECAL
CALPROTECTIN TESTING
Faecal calprotectin concentration is most commonly
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measured using an enzyme-linked immunosorbent assay (ELISA) technique in clinical laboratories and several
ELISA kits are available. Recently point-of-care or bedside faecal calprotectin tests have become available which
may be advantageous in clinical circumstances such as primary care or when a more rapid result is required. These
tests can be performed in less than 30 min. Correlation
between faecal calprotectin concentrations measured using an ELISA technique and a point-of-care test has been
shown to be good in recent initial studies[59-62].
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11

12

CONCLUSION

13

Faecal calprotectin is now playing a major role in the
investigation and diagnosis of patients presenting to the
physician with lower gastrointestinal symptoms and can
obviate the need for costly invasive investigations in selected patients.
Perhaps more excitingly faecal calprotectin is dramatically changing the way IBD is managed. There is a
growing body of evidence that faecal calprotectin correlates well with mucosal disease activity and this in turn
makes it useful in assessing activity, monitoring response
to treatment, predicting relapse and aiding in the difficult decision of whether or not to withdraw biological
therapy to a degree than clinical scoring indices or other
non-invasive serological markers cannot.
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INTRODUCTION

Abstract

Compared with our ancestors, Western societies today
lead a lifestyle that is much more sedentary, probably as
a result of cultural changes stemming from disregarded
traditional customs and modern usages. Taking into account differences in body size, our energy expenditure
per kilogram of body weight has been estimated to be
40% less than that of our prehistoric ancestors[1]. Current estimates suggest that 7 out of 10 adults are inactive or lack adequate conditioning[2], and this lack of
adequate exercise, combined with dietary indiscretion,
has contributed to the worldwide epidemic of obesity
and non-alcoholic fatty liver disease (NAFLD). Within
the United States, data suggest that 64.5% of the adult
population is now overweight or obese, with a worldwide prevalence of 40%-60% [3-5]. Obesity, combined
with host factors such as diet, sedentary lifestyle and
genetic predisposition, has been directly associated with
increases in the prevalence of insulin resistance, type 2
diabetes (T2D) and the metabolic syndrome. The hepatic manifestation of the metabolic syndrome, NAFLD,
has also increased in prevalence, and is now considered
to be around 20%-30% in Western countries. Among

The purpose of this review was to highlight, in relation
to the currently accepted pathophysiology of non-alcoholic fatty liver disease (NAFLD), the known exercise
habits of patients with NAFLD and to detail the benefits of lifestyle modification with exercise (and/or physical activity) on parameters of metabolic syndrome.
More rigorous, controlled studies of longer duration
and defined histopathological end-points comparing
exercise alone and other treatment are needed before
better, evidence-based physical activity modification
guidelines can be established, since several questions
remain unanswered.
© 2012 Baishideng. All rights reserved.
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morbidly obese patients undergoing bariatric surgery,
approximately 90% have NAFLD and 36%-37% have
the more aggressive form of fatty liver, non-alcoholic
steatohepatitis (NASH)[6,7]. In patients with NAFLD,
advancing age, increasing weight, the number of features
of the metabolic syndrome and the degree of insulin
resistance have all been independently associated with
NASH severity[8]. Evidence-based treatment options for
NAFLD are currently lacking. Recent data suggest that
the thiazolidinedione class of insulin sensitisers may be
efficacious, but widespread utilisation of these agents
awaits further investigation[9]. Evidence also supports a
role for weight loss, achieved through exercise.

Two transcription factors, sterol regulatory elementbinding protein (SREBP-1) and carbohydrate response
element-binding protein (ChREBP), are intimately involved in hepatic glucose and lipid metabolism, and their
activity is increased in animal models of NAFLD[13,14].
The former is induced by insulin and high-fat diets,
and regulates glycolytic and lipogenic gene expression
resulting in increased DNL and a concomitant decrease
in FFA oxidation resulting from malonyl-CoA-induced
inhibition of carnitine palmitoyl transferase-1 reducing
mitochondrial FFA uptake[15]. ChREBP exerts similar
effects on glycolytic and lipogenic gene expression and
also increases the expression of genes involved in triglyceride synthesis. In contrast to SREBP-1, ChREBP is upregulated by glucose, which increases its nuclear translocation and its DNA binding/transcriptional activity[16].
Inhibition of ChREBP in ob/ob leptin-deficient mice
reduces hepatic steatosis by decreasing lipogenesis and
enhancing FFA β-oxidation, with a concomitant decrease
in circulating plasma triglycerides and FFA resulting in
the restoration of hepatic, skeletal muscle and adipose
tissue insulin sensitivity[14]. This study provides further
evidence linking fat accumulation to insulin resistance in
both hepatic and non-hepatic tissues, principally skeletal
muscle[17,18].

HORMONAL AND NON-HORMONAL
REGULATORS OF GLUCOSE, LIPID AND
ENERGY METABOLISM IN NAFLD
The majority of NAFLD patients are overweight or
obese and have underlying insulin, and probably leptin,
resistance that results in dysregulated energy metabolism.
The regulation of glucose and lipid metabolism involves
a complex interplay between adipose tissue, skeletal
muscle and the liver. While our knowledge of the pathogenesis of hepatic steatosis has undoubtedly increased
over the last decade, many uncertainties remain, and it
remains the subject of intense investigation. Hepatic steatosis derives from several possible sources including: (1)
increased free fatty acid (FFA) delivery to the liver as a
result of dietary fat intake and increased lipolysis within
insulin-resistant adipose tissue; (2) increased hepatic de
novo lipogenesis (DNL); (3) decreased FFA oxidation;
and (4) decreased triacylglycerol export from the liver
in the form of very low-density lipoprotein. The largest
contributor to hepatic steatosis in patients with NAFLD
is increased FFA influx to the liver (60%), followed by
DNL (26%)[10].

Insulin resistance
Skeletal muscle is the primary site for glucose disposal
via insulin-dependent pathways, accounting for about
75% of whole-body insulin-stimulated glucose uptake[19].
Insulin binding to the insulin receptor on the myocyte
plasma membrane results in autophosphorylation of
the receptor, allowing insulin receptor substrate (IRS)-1
adaptor protein to bind and undergo tyrosine phosphorylation (Figure 2A). IRS-1-associated phosphatidylinositol 3-kinase (PI3K) activity is increased, which results
in downstream activation of protein kinase B, leading
to enhanced glucose uptake into the cell, via increased
glucose transporter (GLUT)-4 translocation from the
cytosol to the cell membrane, and up-regulation of
glycogen synthesis and glucose oxidation[18]. In obese
individuals, there is reduced insulin-stimulated glucose
disposal in skeletal muscle, most probably due to increased intramyocellular lipid content (Figure 2B)[18]. The
increased concentration of FFA (or more probably their
esterification product, diacylglycerol (DAG), activates the
serine/threonine kinase PKCh, which phosphorylates
IRS-1 on critical serine sites, thereby inhibiting its tyrosine phosphorylation and subsequently the activation of
PI3K and the resulting glucose uptake, glycogen synthesis and glycolysis. Other cytokine-regulated serine/threonine kinases including IkB kinase-b (IKKb) and JNK-1
may also be involved since the inhibition of IKKb via
exercise[20] or salicylates results in improved insulin sensitivity[21]. As discussed above, hyperglycaemia resulting
from skeletal muscle insulin resistance in obesity leads to
increased hepatic fat synthesis, reduced fat oxidation and
steatosis via activation of ChREBP. Moreover, the accumulation of FFA/DAG in the liver results in hepatic

Increased hepatic lipid supply
In insulin-resistant states, principally obesity and T2D,
adipose tissue hormone-sensitive lipase activity is not
fully suppressed by insulin, resulting in enhanced lipolysis and non-esterified fatty acid flux into the systemic
circulation (Figure 1). The precise mechanism of adipocyte insulin resistance in obesity remains a subject of
controversy, but an emerging body of data suggest that
an altered adipocytokine milieu in visceral fat resulting
from macrophage infiltration is important[11]. This milieu
is characterised by increased expression of pro-inflammatory cytokines, such as tumour necrosis factor-α and
interleukin-6 (IL-6), that can directly inhibit insulin,
signalling, and decreased expression of adiponectin, an
anti-steatosis and insulin-sensitising adipocyte-derived
cytokine (adipocytokine) in both skeletal muscle and
liver[12].
Hepatic lipid synthesis and oxidation
Energy metabolism within the liver is tightly regulated.
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Figure 1 Mechanisms contributing to glucose and lipid dysmetabolism. In the setting of insulin resistance, there is increased adipose tissue hormone-sensitive
lipase activity that results in enhanced lipolysis and increased non-esterified fatty acid (NEFA) delivery to the liver. NEFAs are preferentially esterified to triglycerides.
Additionally, hyperinsulinaemia leads to increased sterol regulatory element patients with NAFLD binding protein (SREBP) expression, resulting in increased de novo
lipogenesis (DNL) and decreased fatty acid oxidation. Carbohydrate response element-binding protein (ChREBP) is induced by hyperglycaemia and leads to further
increases in DNL. Decreased hepatic lipid transport may also occur, in part via altered synthesis of apolipoprotein B, leading to decreased very low-density lipoprotein
(VLDL) production. TNF-α: Tumour necrosis factor-α; FFA: Free fatty acid.
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cell surface. Thus glucose entry into the cell is inhibited. AMPK: AMP-activated protein kinase; DAG: Diacylglycerol; FFA: Free fatty acid; Akt: Protein Kinase B.

insulin resistance, via PKCe-induced IRS-2 serine phosphorylation, which reduces insulin’s inhibitory effect on
gluconeogenesis, contributing further to hyperglycaemia[18,22].

portant factor in the pathogenesis of hepatic steatosis.
The evidence for leptin resistance in NAFLD, though
indirect, is compelling. Leptin exerts a number of antisteatosis effects on the liver, including inhibition of
lipid synthesis via reduced expression of stearoyl CoA
desaturase (SCD)-1 [23] and enhanced FFA oxidation,
via up-regulation of peroxisome proliferator-activated
receptor-α (PPAR-α)[24], and yet patients with NAFLD

Leptin resistance
Lack of response to the adipocytokine leptin (leptin
resistance) rather than insulin resistance may be an im-
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have increased serum leptin concentrations[25]. Recent
studies in genetically leptin resistant (ZDF) rats have dissociated the direct anti-steatotic effects of leptin from
any indirect effects via improved hepatic insulin sensitivity[26]. The mechanism of leptin resistance in obesity is
unclear; however, it may be enhanced by the ingestion
of fructose which leads to an inhibition of STAT-3,
abrogating leptin-mediated PPAR-α activation resulting
in decreased fatty acid oxidation, increased SREBP-1
expression and increased hepatic triglyceride content[27].
Further inhibition of STAT-3 may occur as a result of
up-regulation of suppressor of cytokine signalling-3
(SOCS-3) by adipose tissue or hepatocyte-derived inflammatory cytokines[15,28].

ment[42]. Its activity is stimulated by increases in intracellular AMP-to-ATP ratio in response to stresses such as
exercise, hypoxia, and glucose deprivation. AMPK has
acute effects on energy metabolism pathways and longterm effects involving changes in gene expression.
AMPK is a major therapeutic target for the treatment
of diabetes. The effect of a short-term overexpression
of AMPK specifically in the liver by adenovirus-mediated transfer of a gene encoding a constitutively active
form of AMPKα2 (AMPKα2-CA) has been investigated[43]. The short-term overexpression of AMPKα2-CA
in the liver results in a metabolic switch from glucose to
lipid metabolism. The lower plasma glucose concentrations in Ad AMPKα2-CA-infected mice lead to an increase in hepatic lipid utilization, resulting in a decrease
in white adipose mass. The concomitant accumulation
of hepatic triglycerides leads to the generation of ketone
bodies, which are required as alternative substrates to
supply energy to peripheral tissues in conditions of low
glucose availability.
Another study investigated the effects of fasting
and refeeding on AMPK and ChREBP mRNA, protein
and activity levels; as well as the expression of lipogenic
genes involved in regulating lipid synthesis in broiler
chicken (Gallus gallus) liver[44]. In general, evidence was
found for coordinate transcriptional regulation of lipogenic program genes in broiler chicken liver, but specific
regulatory roles for AMPK and ChREBP in that process
remain to be further characterized.
Moreover, thioredoxin-interacting protein (TXNIP)
regulates critical biological processes including inflammation, stress and apoptosis. TXNIP is upregulated by glucose and is a critical mediator of hyperglycemia-induced
beta-cell apoptosis in diabetes. In contrast, the saturated
long-chain fatty acid palmitate, although toxic to the
beta-cell, inhibits TXNIP expression. The mechanisms
involved in the opposing effects of glucose and fatty
acids on TXNIP expression are unknown. Shaked et al[45]
showed that AMPK is an important regulator of Txnip
transcription via modulation of ChREBP activity. The
divergent effects of glucose and fatty acids on TXNIP
expression result in part from their opposing effects on
AMPK activity. In light of the important role of TXNIP
in beta-cell apoptosis, its inhibition by fatty acids can be
regarded as an adaptive/protective response to glucolipotoxicity. The finding that AMPK mediates nutrient
regulation of TXNIP may have important implications
for the pathophysiology and treatment of diabetes.

AMP-activated protein kinase
Of particular relevance to modify NAFLD natural
history, AMP-activated protein kinase (AMPK) has recently emerged as a key orchestrator of both hormonal
and non-hormonal regulators of energy metabolism in
liver, skeletal muscle and adipose tissue. Activated by an
increase in the AMP/ATP ratio, AMPK activity is enhanced by physiological processes that induce metabolic
stress and either decrease ATP production (ischaemia,
hypoxia) or increase its consumption (exercise)[29]. Once
activated, AMPK acts to increase ATP-generating cellular events while turning off energy-consuming processes
to restore energy balance. In the liver, the activation of
AMPK by exercise[30], starvation, adiponectin[31], leptin
(via inhibition of SCD-1), the biguanide metformin[32]
or the thiazolidinedione class of insulin sensitisers[33]
suppresses expression of SREBP-1[34], ChREBP[35] and
acetyl-CoA carboxylase[36] resulting in decreased DNL
and increased FFA oxidation. Hepatic gluconeogenesis is
also inhibited. Within skeletal muscle, exercise, leptin or
drug related AMPK activation enhances glucose uptake
via direct non-insulin-dependent GLUT-4 translocation,
and increases pyruvate oxidation[32]. In adipose tissue,
hormone-sensitive lipase activation is suppressed, resulting in decreased lipolysis[32].
ChREBP, a newly discovered transcription factor,
plays an essential role in glucose-induced L-pyruvate
kinase (L-PK)[37] gene transcription by binding to the
carbohydrate-responsive element of L-PK promoter[38,39].
It is well known that glucose metabolism is inhibited
by fatty acids, which serve as an alternative fuel source
and thus conserve glucose. This phenomenon has been
termed the fat sparing effect on glucose[37,40].
Kawaguchi et al[41] investigated the mechanism by
which feeding high fat diets results in decreased activity
of ChREBP in the liver. It’s strongly suggested that the
fatty acid inhibition of glucose-induced l-PK transcription resulted from AMPK phosphorylation of ChREBP
at Ser(568), which inactivated the DNA binding activity.
AMPK was activated by the increased AMP that was
generated by the fatty acid activation.
AMPK is a metabolic master switch mediating adaptation of the cell to variations in nutritional environ-

WJG|www.wjgnet.com

EFFECT OF EXERCISE ALONE ON
OBESITY, VISCERAL FAT AND INSULIN
RESISTANCE
Exercise physiology and the salutatory effects on weight
loss, fat reduction and insulin sensitivity have been described in great detail. These beneficial effects are now
considered to reflect, at least in part, the effect of exer-
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cise on the activation of AMPK. In obese non-diabetics,
exercise has been shown to reduce the risk of developing T2D by up to 46%[33].
Physical training, consisting of 20 min cycling or
running, 20 min swimming at submaximal heart rate, followed by 20 min of warm up/cool down three times per
week for 4 wk, resulted in a significant reduction in body
weight and percentage body fat, and this was associated
with improved whole-body glucose uptake, decreased
fasting insulin concentrations and increased circulating
adiponectin and mRNA expression in muscle. Among
patients with T2D, increasing exercise led to a reduction
in fasting plasma glucose[34].
The intensity of exercise needed to show improvement in metabolic profiles has been studied by several
investigators. O’Donovan and colleagues evaluated the
effects of 24 wk of moderate intensity exercise, defined
as cycling three times weekly at 60% VO2max to burn 400
kcal, vs high-intensity exercise, defined as cycling three
times weekly at 80% VO2max to burn 400 kcal, versus no
exercise, on insulin sensitivity, triglycerides and glucose
concentration[35]. Training at 60% VO2max was as effective
as training at 80% VO2max when 400 kcal were expended
per session, suggesting that moderate exercise, expending 400 kcal per session, three times per week is sufficient to improve insulin sensitivity. The overall energy
expenditure achieved per work-out session appears to be
more important than the intensity of the exercise. This
is supported by two recent studies performed in obese
patients[36,46]. Daily exercise for 12 wk, performed at not
greater than 70% VO2max (about 80% maximum heart
rate) on a treadmill to achieve 700 kcal energy expenditure (about 60 min) resulted in an 8% body weight loss
and was associated with significant reductions in abdominal obesity, visceral fat, waist circumference and insulin
resistance[36]. Furthermore, this study showed that exercise without weight loss also reduced both abdominal
and visceral fat. Ray et al[46] also demonstrated that daily
aerobic exercise for 50-60 min, starting at 60%-65%
maximum heart rate and increasing to 80%-85% maximum heart rate (about 70% VO2max) over 4 wk improved
visceral fat content and this correlated with improved
glucose metabolism and loss of insulin resistance. These
encouraging results were seen with only a 3% weight loss
over this time period.
The effects of aerobic vs restrictive exercise have also
been debated. A Turkish study examined the effects of
aerobic exercise, defined as walking briskly for 15 min
and exercising on a stationary bicycle for 12-15 min
three times per week the first month, exercising 20-30
min four times per week the second month, and 30-45
min five times per week the third month, in a group of
20 obese women compared with a restrictive exercise
utilizing a stationary exercise unit in a similar group
of women over a 3-mo period[47]. While improvement
in body mass index (BMI), fasting glucose and postprandial glucose were seen in both groups, reduced fat
mass (as measured by bioelectric impedance), decreased
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low-density lipoprotein and insulin resistance were seen
only in the aerobic exercise group. In another study in 39
older obese men, aerobic or restrictive exercise training 3
d per week for 6 mo resulted in similar improvement in
whole-body glucose disposal[48].
Weight loss remains fundamental to the management
of NAFLD, but is mistakenly perceived as the primary
rationale for promoting physical activity (PA) participation. However, obesity management is not simply a function of weight loss. Outside the context of liver disease,
it is well established that exercise enhances insulin sensitivity, reduces progression to T2D, and favorably modifies serum lipids independent of weight loss[49,50]. When
combined with the observation that high fitness and habitual PA are associated with improved functional capacity, quality-of-life measures, well-being, and reduced allcause mortality[51], the importance of incorporating PA
therapy, beyond assisting weight loss, becomes apparent.
At present, there is an overall paucity of evidence
concerning the benefits of PA as treatment for NAFLD,
even though PA is certainly useful in NAFLD-associated
diseases such as obesity, T2D and cardiovascular disease.
What is available shows a conclusive benefit of PA
when coupled with energy restriction when weight loss
is achieved, and it is encouraging for an independent
benefit in the absence of weight loss. Although weight
loss remains fundamental, patients should be counseled
on the spectrum of benefits conferred by regular PA.
Management should include assessment of cardiorespiratory fitness and PA levels, and the setting of lifestyle
goals based on adoption of regular exercise, with a focus
on the attainment of sustainable PA habits.
The dose (intensity and volume) of PA required to
reduce liver fat remains unclear. Furthermore, from the
present evidence, it is difficult to discern the relative importance of structured exercise and fitness vs less structured PA.
Although several examples of a hepatic benefit from
low-dose PA therapy have been cited[52-55], in the absence
of robust data and knowledge of the long-term sustainability of such outcomes, it would seem reasonable to
promote the current public health recommendations
for health promotion, disease prevention, and weight
management (Table 1). This recommends that individuals accumulate 20-60 min or more of moderate intensity
(about 45%-70% of VO2max) exercise on most days of
the week[51]. If weight loss is the goal, exercise confers a
reduction in body weight in an apparent dose-response
fashion with exercise volume, even when prescribed
without associated restriction of energy intake[56]. Greater amounts of exercise may be needed for most individuals to induce significant weight loss or prevent weight
being regained in the long term. The consensus suggests
that little weight loss is achieved with < 150 min of exercise per week, modest (2-3 kg) losses are attainable with
> 150 min/wk (with an energy equivalent of 1200-2000
kcal/wk), and moderate weight loss (5-7.5 kg) often results from 225-420 min/wk (1800-3300 kcal) of aerobic
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Table 1 Recommendations for physical activity in non-alcoholic fatty liver disease
Patients should be appropriately screened for contraindications prior to initiating exercise testing or therapy
Physical fitness assessment via exercise testing. Physical activity level assessment by subjective (questionnaire/diary) or objective (e.g., accelerometer) means
Accumulate 20-60 min or more of moderate intensity rhythmic exercise using large muscle groups on at least 5 d/wk
Moderate intensity physical activity between 150 and 250 min/wk for preventing weight gain
Physical activity > 250 min/wk for clinically significant weight loss
Moderate-to-high intensity resistance training 3 d/wk for enhancing insulin sensitivity

activity[56]. These targets can be achieved using a variety
of exercise modalities, with the outcome of cardiorespiratory fitness being a reliable and easily quantifiable endpoint measure of structured aerobic exercise. Although
there is currently no longitudinal evidence available
concerning its benefit in NAFLD, progressive resistance
training may be useful for the management of obesityrelated comorbidities, particularly insulin resistance[56].
The benefits of nonstructured leisure-time PA, including reduced sedentary time, are becoming increasingly
recognized and have, in some studies, shown efficacy in
improving cardiometabolic risk and promoting weight
loss[56,57]. Clear guidelines for such ‘‘lifestyle PA’’ are lacking, and reliable measurement, particularly of intensity, is
more difficult. PA habits and adherence can be estimated
by questionnaires, pedometers, and accelerometers (reviews of which can be found elsewhere)[58], and the latter
may further promote adherence to PA[58].

there is no effective treatment for muscle atrophy. The
maintenance of muscle mass is controlled by a balance
between protein synthesis and protein degradation pathways, which is thought to shift toward protein degradation during atrophy[63]. Recently, a signaling pathway that
increases protein synthesis was shown to promote muscle hypertrophy, thereby overcoming muscle atrophy[64,65].
The “Hybrid Training” (HYBT) method utilizing
combined electrical stimulation and voluntary muscle
contraction has been developed as a muscle training
method[66]. It has already been shown that the method is
technically sound and clinically effective in healthy young
subjects. The HYBT method increases muscle strength
and mass and is as effective as the weight machine training (WMT), an effective method for improving muscle
strength and hypertrophy in elderly people[67,68].
However, a critical problem is that the equipment for
WMT is large in size and takes space. In addition, unlike
the WMT, the HYBT device, which is portable and not
large in size, is so easy to handle that it can be placed at
the bedside. Therefore, the HYBT may become a safe,
effective method of muscle training for elderly people[66].
Although skeletal muscle regulates glucose metabolism, partly by releasing IL-6, the effects of hybrid training on glucose metabolism remain unclear. Kawaguchi
et al[69] showed the effects of hybrid training on glucose
metabolism and serum IL-6 levels in elderly people. This
study showed the safety and good adherence of hybrid
training for lower extremities in elderly people. Furthermore, hybrid training decreased fasting blood glucose
and serum IL-6 levels in elderly people.
Kawaguchi et al[70] investigated the therapeutic efficacy of hybrid training in patients with NAFLD. Physical inactivity is a risk factor for the development of
NAFLD. HYBT of voluntary and electrical muscle contractions improved hepatic steatosis and reduced insulin
resistance and serum IL-6 levels in NAFLD patients
who are resistant to lifestyle counseling.

Hybrid training of voluntary and electrical muscle
contractions
“Hybrid exercise” is an exercise method that combines
electrically stimulated and volitional contraction. This
technique produces resistance against the motion of
a volitionally contracting muscle by means of a force
generated by an electrically stimulated antagonist[59-62]. In
particular, hybrid exercise resists utilizes electrically stimulated eccentric contractions and concentric volitional
contractions with reciprocal limb movements. Both the
volitionally activated agonist and the electrically stimulated antagonist contract during joint motion. The result
is that both muscles are trained and that a longitudinal
compressive load is placed on the bone. This technique
requires minimal external stabilization as compared with
conventional weight training. Matsuse et al[59] have shown
that such hybrid exercise increased the extension torque
of the elbow joint by about 30% and the cross-sectional
areas (CSA) of the proximal upper extremity muscles by
about 15% over a 12-wk period. In addition, Iwasaki et
al[60] demonstrated that 6 wk of hybrid exercise effectively increased the extension of the knee joint by 19-33%.
Takano et al[61] demonstrated that 12 wk of treatment
increased extension torque by 39% and the CSA of
quadriceps muscle by 9% in elderly subjects. However,
the mechanism by which hybrid exercise achieves these
increases in muscular strength and bulk is still unknown.
Muscle atrophy occurs as a consequence of denervation, injury, joint immobilization, bed rest, glucocorticoid
treatment, sepsis, cancer and aging[63]. Unfortunately,

WJG|www.wjgnet.com

Possible role of myokine in patients with NAFLD
Skeletal muscle has recently been identified as an organ
that produces and releases cytokines, which have been
named “myokines”. Given that skeletal muscle is the
largest organ in the human body, our discovery that
contracting skeletal muscle secretes proteins sets a novel
paradigm: skeletal muscle is an endocrine organ producing and releasing myokines in response to contraction
which can influence metabolism in other tissues and
organs. With the discovery that exercise provokes an in-

6795

December 14, 2012|Volume 18|Issue 46|

Finelli C et al . NAFLD and physical activity

crease in a number of cytokines, a possible link between
skeletal muscle contractile activity and immune changes
was established.
For most of the last century, researchers sought a
link between muscle contraction and humoral changes
in the form of an “exercise factor”, which could be released from skeletal muscle during contraction and mediate some of the exercise-induced metabolic changes
in other organs such as the liver and adipose tissue. It
has been suggested that cytokines or other peptides that
are produced, expressed, and released by muscle fibers
and exert either paracrine or endocrine effects should
be classified as “myokines”[71]. The nervous, endocrine,
and immune systems all contribute to the maintenance
of homeostasis. Interestingly, although these individual
systems operate independently to a certain degree, each
with their own collection of highly specific cells and
regulatory factors, they also depend on each other for
normal development and function.
It appears that skeletal muscle has the capacity to
express several myokines. To date the list includes IL-6,
IL-8 and IL-15[71]. Contractile activity plays a role in
regulating the expression of many of these cytokines
in skeletal muscle[71]. The discovery that IL-6 is released
from contracting skeletal muscle has generated much
interest among the scientific community because this
finding is somewhat paradoxical. On one hand, IL-6 is
markedly produced and released in the postexercise period when insulin action is enhanced, but on the other
hand, IL-6 has been associated with obesity and reduced
insulin action. Given the controversy, this review focuses
on the metabolic roles of IL-6.
Despite the fact that acute IL-6 treatment may enhance glucose uptake and fat oxidation in skeletal muscle, there are, nonetheless, a number of studies both in
vitro[72-75] and in rodents in vivo[76-78] that demonstrate that
IL-6 is capable of inducing insulin resistance. It appears
that most, if not all, in vivo studies seem to suggest that
IL-6 induces insulin resistance via adverse effects on the
liver. Subjecting lean mice to chronically elevated IL-6 for
5 days causes hepatic insulin resistance[75], while treating
either ob/ob (leptin-deficient) mice[77] or liver-inducible
kappa kinase transgenic mice that display hepatic insulin
resistance[79] with IL-6 neutralizing antibodies improves
hepatic insulin resistance. The IL-6-induced insulin resistance appears due to increased SOCS proteins (SOCS-3)
expression[75], since it is thought that SOCS-3 may directly inhibit the insulin receptor[80]. However, even the
negative effect of SOCS-3 on insulin action has recently
been brought into question. Liver specific activator of
transcription 3 (STAT3) knockout mice that express
low levels of hepatic SOCS-3 protein, paradoxically are
unable to suppress hepatic glucose production after intracerebral ventricular insulin infusion[81]. Moreover, the
prevention of IL-6 signaling either by neutralizing antibodies or by genetic deletion of IL-6 markedly reduces
insulin-induced phosphorylation of hepatic STAT3[81].
These results suggest that the local production of IL-6

WJG|www.wjgnet.com

is important for the phosphorylation of hepatic STAT3
induced by the brain insulin action. In a separate study,
liver specific SOCS-3 knockout mice exhibited obesity
and systemic insulin resistance with age[82]. Furthermore,
in this recent study, insulin signaling was reduced in skeletal muscle[82], suggesting that deletion of the SOCS-3
gene in the liver modulates insulin sensitivity in other
organs. Possibly, the most convincing data to suggest
that IL-6 may be antiobesogenic is the observation that
IL-6 knockout mice develop mature onset obesity and
glucose intolerance[83]; however, even this observation
is unclear[84]. Whether IL-6 has positive effects on obesity and insulin action is clearly unresolved and requires
further work. However, IL-6 unquestionably has a poor
prognosis for certain inflammatory diseases[85], and due
to the immunoreactive nature of IL-6, it is clear that
rhIL-6 treatment may not be a wise therapeutic treatment strategy in human disease. This is most likely due
to the previously described trans-signaling of IL-6. The
soluble IL-6 receptor controls the transition from the
acute to the chronic phase in many proinflammatory diseases such as peritonitis[86], a transition that can be inhibited by treatment with a soluble gp130 receptor fragment
that neutralizes the trans-signaling process[86]. Therefore,
other cytokines that signal through the gp130 receptor,
but which do not activate trans-signaling of IL-6, such
as ciliary neurotrophic factor, show some therapeutic
promise as an antiobesity therapy[87].
NAFLD and its subsequent complications create a
significant health burden, and currently there is no effective treatment strategy. The biochemical mechanisms
that underlie NAFLD are unclear at this time, but there
is evidence that insulin resistance is a major contributing factor. In addition, circulating concentrations of
inflammatory cytokines - myokines (e.g., IL-6) as well
as decreased antiinflammatory factors (e.g., adiponectin,
IL-10) are not only implicated in the development of insulin resistance and T2D, but are also related to NAFLD.
Such inflammatory mechanisms are fundamental in the
progression of NAFLD toward higher risk cirrhotic
states. Regular exercise can reverse insulin resistance,
suppress low-grade systemic inflammation, and attenuate
inflammatory markers associated with NAFLD. Thus,
exercise has the potential to become an effective treatment and prevention modality for NAFLD and NASH.

CONCLUSION
Our knowledge of the pathological consequences of
lack of adequate exercise on adipose tissue, skeletal muscle and the liver is improving, and this will help establish
more specific guidelines for the proper exercise regimens
that will improve underlying metabolic pathways and ultimately decrease the incidence and severity of NAFLD.
Moderate exercise, preferably a combination of aerobic
and restrictive, performed 3-4 times per week, expending
about 400 calories each time seems adequate to augment
improvement in the metabolic profiles of patients with

6796

December 14, 2012|Volume 18|Issue 46|

Finelli C et al . NAFLD and physical activity

well in men vs women? Do younger patients respond
better than older patients to PA modification? Is there
a diversity of response among various ethnic groups or
in patients with fatty liver alone compared with patients
with more progressive disease? Finally, are there different lifestyle modification approaches, i.e., diet alone vs
diet and aerobic exercise, that work better for different
patient populations?

NAFLD. PA has long been considered a cornerstone of
a healthy lifestyle. Although its protective role in cardiovascular and metabolic diseases is well established[88], its
place and importance in NAFLD still requires scientific
support and clarification. In a study, an inverse association was found between cardio-respiratory fitness categories and the prevalence of NAFLD. Whereas fitness
and BMI were independent of each other in their associations with the prevalence of NAFLD, the addition of
waist circumference to the regression model attenuated
the association[89]. This is in line with the fact that abdominal obesity has been shown to be a major risk factor
for NAFLD, of greater importance than BMI[90,91], and is
consistent with previous studies demonstrating that exercise-induced weight loss is associated with a preferential reduction in abdominal fat[92,93], and that, at any given
weight, individuals who exercise more have less visceral
fat than those who are sedentary[94]. The suggested effect
of PA on NAFLD may stem from other mechanisms
as well. Exercise alone, in the absence of any change in
body weight or composition, may enhance insulin sensitivity and glucose homeostasis[95,96]. PA appears to result
in insulin-receptor up-regulation in muscle tissue and
hence increased delivery of glucose and insulin to the
muscles[97]. Exercise also has a beneficial effect on FFA
metabolism by enhancing whole-body lipid oxidation[98].
Hepatic triglyceride accumulation was shown to decrease
with exercise intervention[99] and hepatic FFA uptake was
lower in trained compared with untrained subjects[100].
From the perspective of NAFLD patients, weekly or
daily performance of walking, swimming, or cycling
might seem as simple as jumping of the cliff. Thus, it
seems that among NAFLD patients, even small increments in regular PA can improve liver enzymes; encouraging information that can be provided to patients. Time
spent sedentary, measured objectively by individually cal
ibrated heart rate monitoring, predicted higher levels of
fasting insulin, independent of the amount of time spent
at moderate- and vigorous-intensity activity levels. This
highlights the importance of reducing sedentary time
in order to improve metabolic status, in addition to the
benefits associated with a physically active lifestyle[101].
Environmental factors that discourage PA include an
environment that encourages automobile use rather than
walking (like lack of sidewalks), and that has few cues
to promote activity and numerous cues that discourage
activity (television, computers, etc.)[102,103]. It should be
emphasized that associations between air pollution and
a multitude of health effects are now well established.
Given ubiquitous exposure to some level of air pollution, the attributable health burden can be high, particularly for susceptible populations affected by cardiorespiratory problems when walking, running at a slow or
leisurely pace, or cycling[104]. More rigorous, controlled
studies, of longer duration and defined histopathological
end-points comparing exercise alone and other treatment
are needed before better, evidence-based PA modification guidelines can be established, since several questions
remain unanswered. Does PA modification work equally
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ORIGINAL ARTICLE

Ileocecal valve dysfunction in small intestinal bacterial
overgrowth: A pilot study
Larry S Miller, Anil K Vegesna, Aiswerya Madanam Sampath, Shital Prabhu, Sesha Krishna Kotapati,
Kian Makipour
that at least one pressure port was within the TI, ICV
and the cecum respectively. Pressures were continuously measured during air insufflation into the cecum, under direct endoscopic visualization, in 19 volunteers. Air
was insufflated to a maximum of 40 mmHg to prevent
barotrauma. All subjects underwent lactulose breath
testing one month after the colonoscopy. The results of
the breath tests were compared with the results of the
pressures within the ICV during air insufflation.
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RESULTS: Nineteen subjects underwent colonoscopy
with measurements of the ICV pressures after intubation of the ICV with a colonoscope. Initial baseline
readings showed no statistical difference in the pressures of the TI and ICV, between subjects with positive lactulose breath tests and normal lactulose breath
tests. The average peak ICV pressure during air insufflation into the cecum in subjects with normal lactulose breath tests was significantly higher than cecal
pressures during air insufflation (49.33 ± 7.99 mmHg
vs 16.40 ± 2.14 mmHg, P = 0.0011). The average
percentage difference of the area under the pressure
curve of the ICV from the cecum during air insufflations
in subjects with normal lactulose breath tests was significantly higher (280.72% ± 43.29% vs 100% ± 0%,
P = 0.0006). The average peak ICV pressure during
air insufflation into the cecum in subjects with positive
lactulose breath tests was not significantly different
than cecal pressures during air insufflation 21.23 ± 3.52
mmHg vs 16.10 ± 3.39 mmHg. The average percentage difference of the area under the pressure curve of
the ICV from the cecum during air insufflation was not
significantly different 101.08% ± 7.96% vs 100% ±
0%. The total symptom score for subjects with normal
lactulose breath tests and subjects with positive lactulose breath tests was not statistically different (13.30 ±
4.09 vs 24.14 ± 6.58). The ICV peak pressures during
air insufflations were significantly higher in subjects
with normal lactulose breath tests than in subjects with
positive lactulose breath tests (P = 0.005). The aver-

Abstract
AIM: To explore whether patients with a defective ileocecal valve (ICV)/cecal distension reflex have small
intestinal bacterial overgrowth.
METHODS: Using a colonoscope, under conscious sedation, the ICV was intubated and the colonoscope was
placed within the terminal ileum (TI). A manometry
catheter with 4 pressure channels, spaced 1 cm apart,
was passed through the biopsy channel of the colonoscope into the TI. The colonoscope was slowly withdrawn from the TI while the manometry catheter was
advanced. The catheter was placed across the ICV so
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Quigley et al[8] show that 50% of ileal discrete clustered
contractions and 76% of ileal prolonged propagated
contractions continued propagating in the proximal canine colon. Colonic distension is followed consistently
by contraction of the ICV in dogs and in humans. This
enhanced motility of the ICV comprises simultaneously
an increase in tone together with larger amplitude ICV
phasic pressure waves[1-3] while the ileal contractions are
unaffected[7].
Using a technique in which radioactive tracer is instilled
in the cecum it was found that backward flow from the
cecum to the ileum is episodic. In dog, the volume of the
refluxate is low accounting for about 7% of the total radioactivity injected to the cecum[9]. This minimal reflux rate
can be explained by the competence of the canine ICV
towards reflux. Surgical section of the ileocecal ligament in
dog, a procedure that suppresses the ileocolonic angle and
reduces sphincter competence[4,5], increases the amount of
cecoileal reflux to 44% of the total radioactivity[9].
In the current study, we aimed to explore whether
patients with a positive lactulose breath test (indicative of
SIBO) may have an incompetent ICV leading to reflux
of colonic contents into the small intestine[10]. To test this
hypothesis we measured pressures within the ICV during
cecal distension and compared these pressures with the
results of lactulose breath tests.

age percent difference of the area under the pressure
curve in the ICV from cecum was significantly higher in
subjects with normal lactulose breath tests than in subjects with positive lactulose breath tests (P = 0.0012).
Individuals with positive lactulose breath tests demonstrated symptom scores which were significantly higher
for the following symptoms: not able to finish normal
sized meal, feeling excessively full after meals, loss of
appetite and bloating.
CONCLUSION: Compared to normal, subjects with a
positive lactulose breath test have a defective ICV cecal
distension reflex. These subjects also more commonly
have higher symptom scores.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Study design and conduct
This research study was approved by the Temple University Institutional review board on 06/27/2007. This study
is registered with clinicaltrials.gov ID: NCT01413945.
Written Informed consent was given by all the participants
prior to their inclusion in this study. All subjects filled out
a symptom questionnaire on a scale of 0 to 5 with 0 being
no symptom and 5 being very severe symptoms.

INTRODUCTION
The literature regarding the ileocecal valve (ICV) and its
relationship to small intestinal bacterial overgrowth (SIBO)
is limited[1-3]. Surgical section of the ileocecal ligament in
dog, a procedure that suppresses the ileocolonic angle and
reduces sphincter competence, increases the amount of
cecoileal reflux[4,5]. Surgical removal of the ICV maximizes
reflux ultimately leading to bacterial overgrowth[6].
Dinning et al[1] using temporary, side diverting, defunctioning ileostomies, recorded ICV pressures in a configuration close to that surgically produced by Quigley et al[7]
in dogs, hence allowing precise positioning of the manometric assembly across the ICV for prolonged periods. In
these patients, a sustained pressure of about 10 mmHg is
observed either using a pull-through or sleeve recording
over a 4.8 cm distance.
In fasted humans, phasic activity of the ICV, unrelated to motor activity of more oral or aboral zones, is
observed for 35% of the recording time[1-3]. During these
waves that occur at about four to eight waves per minute,
the basal tone is doubled. On the contrary, ICV tone is
reduced in humans and in dogs while prolonged propagated contractions are observed on the distal ileum[1,8]. In
dogs and to a lesser extent in humans, ileal motor events
propagate across the ICV into the colon. For instance,
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Eligibility requirements
Subjects undergoing screening colonoscopy were included in the study. Subjects who were currently on medications such as prokinetics, antibiotics and anticholinergics
were excluded from the study. Subjects with history of
gastroparesis, Crohn’s disease, ulcerative colitis, diseases
causing diarrhea, and long standing uncontrolled diabetes
were also excluded from the study.
Assessments and outcome measurements
All subjects were sedated with Midazolam and Fentanyl.
Colonic preparation was used in all subjects (polyethylene glycol preparation). A custom make water perfused
manometry catheter (Mui Scientific, Mississauga, Canada)
with 4 pressure measurement ports spaced one cm apart
was passed through the biopsy channel of the colonoscope and placed across the ICV with at least one port in
the terminal ileum and one port in the cecum (Figure 1).
The simultaneous video endoscopy and pressure readings (30 Hz) were continuously recorded on a Medical
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Figure 1 Schematic of the terminal ileum, ileocecal valve and colon. It
shows the colonoscope and manometry catheter passing through the biopsy
channel of the colonoscope. The 4 channel manometry catheter is placed
across the ileocecal valve so that at least 1 channel is in the cecum and 1 channel in the Ileum.

Manometry catheter
Cecum
ICV

Measurement Solar System (MMS, Dover, NH) (Figure
2). Video endoscopy was used to make sure that the catheter remained in the correct position during the entire
study. If the catheter position changed during the study,
the catheter was repositioned according to markings on
the catheter. All the air was removed from the cecum by
suction through the biopsy channel of the colonoscope
and baseline measurements were taken. After the baseline
measurements, air was slowly and continuously instilled
into the cecum through the air/water channel of the
colonoscope with the air insufflation setting, set at low on
endoscopy processor (Evis, Exera Ⅱ, CLV-180, Olympus
America Inc, Center Valley, PA). The peak pressures were
measured in all the channels at a time when the pressure in
ICV reached its peak between the start of air insufflation
and the end of air insufflation. Only studies in which the
video playback showed the catheter to be in the correct
position were used for analysis. A threshold cecal pressure
of 40 mmHg was used to avoid barotrauma. If the pressure exceeded 40 mmHg the air flow into the cecum was
stopped. In vivo and cadaveric animal experiments have
yielded data regarding intraluminal pressure that can lead
to rupture of the colon[11-16]. An adult human cadaveric
cecum exposed to less than 40 mmHg of intraluminal
pressure generally does not rupture, but cecum exposed
to more than 150 mmHg of pressure always ruptures[11-16].
The pressures needed for perforation of the right colon
and cecum are lower than those needed for perforation
of the sigmoid and descending colon[12,13]. It is estimated
that the upper limit of safe intraluminal human colonic
pressure is 80 mmHg, because perforation can occur at
pressures greater than 140 mmHg[17]. The area under the
pressure curve was measured within all the channels, from
the time of the beginning of the upslope of the pressures
within the cecum, after the start of air insufflation, to the
time when the ICV reached its peak pressure, before the
end of air insufflation.
All patients returned one month after the colonoscopy for a lactulose breath test using “Breath Tracker
Digital Microlyzer”, QuinTron Instrument Company,
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Figure 2 Representative trace of a simultaneous 4 channel manometry
and video endoscopy. A: The response of the ileocecal valve during cecal distention by air insufflation in a subject with a normal lactulose breath test. Note
the increase in pressure within the ileocecal valve greater than in the cecum
and ileum during distension of the cecum; B: The response of the ileocecal
valve during cecal distention by air insufflation in a subject with positive lactulose breath test. Note the similar pressures within all the manometry ports (a
common cavity effect). ICV: Ileocecal valve.

Milwaukee, WI, United States. All subjects presented for
the lactulose breath test after an overnight fast. The subjects were given 10 g of lactulose in 120 mL of water to
drink and instructed to breathe into a collection bag every 15 min for 3 h after a sample of their breath was collected at baseline. All breath samples were end-expiratory
and analyzed immediately. The concentrations of breath
hydrogen and methane were measured in parts per million (ppm). The measurements were then graphed and
analyzed[18-21].
Graphs of methane and hydrogen concentration were
plotted against time. A positive lactulose breath test was
defined as a double peak of hydrogen or a combination
of both hydrogen and methane above 20 ppm within the
first 2 h.
All subjects were given a gastrointestinal questionnaire which evaluated the following habitual symptoms:
nausea, vomiting, stomach fullness, not able to finish
normal sized meal, feeling excessively full after meals, loss
of appetite, bloating, stomach or belly visibly larger, upper abdominal pain, upper abdominal discomfort, lower
abdominal pain, lower abdominal discomfort, diarrhea,
gas from above, and gas from below.
Statistical analysis
All pressures were calculated relative to baseline colonic
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Figure 3 Average pressure changes (baseline, peak and post) in the colon, ileocecal valve and terminal ileum during and after air insufflation. A:
The average response of the ileocecal valve during cecal distention by air insufflation in subjects with normal lactulose breath tests; B: The average response
of the ileocecal valve during cecal distention by air insufflation in subjects with
positive lactulose breath tests. ICV: Ileocecal valve; SIBO: Small intestinal bacterial overgrowth.

50
40
30
20
10
0
0

pressures. The analysis of pressures was performed using
an unpaired Student’s t-test, with a two tail distribution
and equal variance. The questionnaires were evaluated
using non-parametric tests (Mann Whitney U-test). The
analysis was performed in a blinded manner. A Spearman
correlation was used to compare ICV pressures to hydrogen and methane excretion.
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Figure 4 Average lactulose breath test results. A: Normal lactulose breath
tests; B: Positive lactulose breath tests. ICV: Ileocecal valve; SIBO: Small intestinal bacterial overgrowth.

azolam and Fentanyl per kg was 0.06 mg and 0.73 mg.
The average peak ICV pressure during air insufflation
into the cecum in subjects with normal lactulose breath
tests was significantly higher than cecal pressures during air insufflation (49.33 ±7.99 mmHg vs 16.40 ± 2.14
mmHg, P = 0.0011). The average percentage difference
of the area under the pressure curve of the ICV from
the cecum during air insufflations was significant higher
(280.72% ± 43.29% vs 100% (P = 0.0006). The average
symptom score for all subjects with normal lactulose
breath tests was 13.30 ± 4.09.

RESULTS
Nineteen subjects (56.4 years, 7 male and 12 female)
underwent colonoscopy with measurements of the ICV
pressures after intubation of the ICV with a colonoscope. Cecal pressures before air insufflation were considered as baseline pressures and all the pressures noted
were relative to cecal pressures. If the recorded pressures
were less than the baseline cecal pressures, than they were
considered negative. The resting pressures in the subjects with normal lactulose breath tests were -1.14 ± 1.44
mmHg and 1.18 ± 0.73 mmHg in TI and ICV respectively. The resting pressures in the subjects with positive
lactulose breath tests were -1.31 ± 1.07 mmHg and 1.70
± 2.49 mmHg in TI and ICV respectively. Initial readings
showed no statistical difference in the resting pressures
of the TI or ICV between subjects with positive lactulose
breath tests and normal lactulose breath tests.

Subjects with positive lactulose breath tests
Nine subjects (2 male and 7 female), (age: 57 ± 4.92
years, weight: 84.35 ± 6.17 kg). The average dose of Midazolam and Fentanyl per kg was 0.08 mg and 0.50 mg.
The average peak ICV pressure during air insufflation
into the cecum in subjects with positive lactulose breath
tests was not significantly different than cecal pressures
during air insufflation (21.23 ± 3.52 mmHg vs 16.10 ±
3.39 mmHg). The average percentage difference of the
area under the pressure curve of the ICV from the cecum during air insufflation was not significantly different
101.08% ± 7.96% vs 100%. The average total symptom
score for all subjects with positive lactulose breath tests

Subjects with normal lactulose breath tests
Ten subjects (5 male and 5 female), (age: 55.8 ± 3.05
years, weight: 86.77 ± 7.29 kg). The average dose of Mid-
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= 0.036), “feeling excessively full after meals” (P = 0.029),
“loss of appetite” (P = 0.018) and “bloating” (P = 0.0536).

Normal subjects
Subjects with SIBO

DISCUSSION

Ileum

ICV

Cecum 1

In this study we explored weather patients with positive
lactulose breath tests have an incompetent ICV. We tested
this hypothesis by measuring ICV pressures during cecal
distension in subjects with positive and negative lactulose
breath tests.
In designing this study consideration was given to using a sleeve sensor to measure ICV pressures. However,
this was rejected in favor of a four port pressure transducer because a sleeve sensor would have measured the
peak pressure recorded and would not have been able to
distinguish between the terminal ileum, the ICV or the
cecum. Consideration was also given to using a barostat
to distend the cecum. However, it was decided that a
barostat would be very cumbersome to use during routine colonoscopy and would not distend the cecum in the
correct position to reproducibly increase ICV pressure.
We felt that insufflation of air, into the cecum, was closer
to the actual physiology of gas being produced in the
colon causing distension of the cecum. We did not use
the same volume of gas in each subject. Rather we used
a cutoff cecal pressure. We did this for safety purposes
since we did not want to go above a certain threshold
pressure and risk barotrauma to the subjects. A cutoff
pressure of 40 mmHg was used during cecal distension.
Finally consideration was given to collection of fluid
from the small intestine to assay for SIBO. However, the
colonoscopies were performed after a bowel preparation,
which flushes bacteria out of the small intestine and this
would have resulted in false negative results. In addition
the colonoscope needs to pass through the colon before
it can enter the small intestine and this could have contaminated the colonoscope with bacteria and could have
resulted in false positive results for SIBO.
Yu et al[23] have recently published an important study
in which they combined oro-cecal scintigraphy and lactulose hydrogen breath testing demonstrating that breath
testing may detect oro-cecal transit, not small intestinal
bacterial overgrowth in patients with irritable bowel syndrome (IBS). Thus the lactulose hydrogen breath test
may measure small intestinal transit rather than SIBO
in IBS-patients. However, the patient population in that
study was different than in the current study and the
lactulose breath test is still used around the world to diagnose SIBO. Since the results of the lactulose breath
test are dependent on motility within the stomach, the
small intestine and the colon, we attempted to control
for variability in motility between subjects by eliminating
patients with known motility disorders, such as gastroparesis and small bowel motility disorders. We eliminated
subjects who were taking any medications that would
affect motility, such as prokinetics, anticholinergics and
narcotics. The dosages of medications given during the
colonoscopies were not significantly different between

Cecum 2

Figure 5 Average percent change of the area under the pressure curve
during air insufflation into the cecum, in normal subjects (normal lactulose breath tests) and in subjects with small bowel bacterial over growth
(positive lactulose breath tests), with respect to the cecum. ICV: Ileocecal
valve; SIBO: Small intestinal bacterial overgrowth.

was 24.14 ± 6.58.
In some prior studies methane seems to influence
smooth muscle function[22]. Analyzing the breath test results, 3 of the subjects were methane producers’ and one
of these subjects was also positive for hydrogen. Six subjects were hydrogen producers. There was no significant
difference in the peak ICV pressures between methane
producers and hydrogen producers (23.7 ± 0.67 mmHg
vs 26.8 ± 2.48 mmHg). There was only a weak correlation
between the pressure measurements and the hydrogen
excretion (r = 0.19) and the pressure measurements and
the methane excretion (r = 0.25).
Comparison of subjects with normal lactulose breath
tests to subjects with positive lactulose breath tests
There is no significant difference in age and weight between subjects with normal lactulose breath test and
subjects with positive lactulose breath test. There is no
significant difference in the drug dose/kg of Midazolam
and Fentanyl between the two groups.
The ICV peak pressures during air insufflations were
significantly higher in the subjects with normal lactulose
breath tests than in the subjects with positive lactulose
breath tests (P = 0.005) (Figures 3 and 4). The average
percent difference of the area under the pressure curve
within the ICV from cecum during air insufflations was
significantly higher in subjects with normal lactulose
breath tests than in subjects with positive lactulose breath
tests (P = 0.0012) (Figure 5). The cecal peak pressures
during air insufflations were not significantly different in
the subjects with normal lactulose breath tests compared
to the subjects with positive lactulose breath tests. The
total symptom scores were not significantly different in
subjects with normal lactulose breath tests than in subjects with positive lactulose breath tests. However, significantly higher symptom scores were observed in the subjects with positive lactulose breath tests in the individual
symptoms of: “not able to finish normal sized meal” (P
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Medicine, Pimentel et al[28] reported the results of two
large, double-blind, placebo-controlled trials of rifaximin, in patients with IBS without constipation. They
found that patients in the group treated with rifaximin
had adequate relief of IBS symptoms or bloating. Similarly significant results were obtained in an analysis of
relief of symptoms during the 10-wk period after the
end of the double-blind treatment phase. Harder et al[29]
showed that gas is less well tolerated in the small intestine than in the large bowel. Based on these studies the
most likely mode of action of rifaximin is a reduction in
overall small bowel bacterial load or a decrease in colonic
flora. This may lead to decreased bacterial fermentation and less bloating, possibly in combination with decreased secretion of bacterial products or host responses
to bacterial products that contribute to the generation
of symptoms. In the future, we plan to perform a study
on subjects with documented irritable bowel syndrome,
by the Rome Ⅲ criteria. In order to determine if a subgroup of patients with IBS symptoms is due to a defective ileocecal valve/cecal distension reflex with reflux of
fecal flora or gas into the small intestine.
The results of our study suggest that some GI symptoms may be due to a defective ICV cecal distension reflex which either allows gas from the colon to distend the
small intestine or lead to reflux of colonic contents into
the small intestine, the colonization of the small intestine
with fecal flora and the development of SIBO.
We hypothesize that even though a course of nonabsorbable antibiotics may clear the small intestine or the
colon of colonic flora, the symptomatic effect may not
be durable because the underlying defect, the defective
ICV cecal distension reflex, is still present and colonic
flora or colonic gas may eventually reflux back into the
small intestine. The results of the current study suggest that a restoration of the demonstrated dysfunction
(pharmacological, endoscopic or surgical) by preventing
coloileal reflux may have a more durable effect than antibiotic therapy. Indeed, prevention of coloileal reflux by
constructing an artificial ileocolonic valve was suggested
by Kellogg in 1913. Bakkevold[30] demonstrated that the
nipple valve anastomosis may prevent recurrence of
Crohn’s disease, after ileocolic resection.
Pimentel et al[28] suggested that some IBS like symptoms, afflicting many millions of patients, might be due
to SIBO and might respond to antibiotic treatment usually used to treat SIBO. In summary, the current study
demonstrates that subjects with a positive lactulose breath
test have a defective ICV cecal distension reflex. In addition it demonstrates that subjects with a defective ICV
cecal distension reflex more commonly have certain GI
symptoms. We propose that this pathophysiologic mechanism (defective ICV/cecal distension reflex) which may
cause SIBO and IBS like symptoms due to reflux of fecal
flora and the production of gas within the small intestine
and/or the production of gas within the colon, with reflux of the gas into the small intestine.

the two groups, so as not to influence motility during the
colonoscopy.
We found that the baseline pressure measurements
showed no difference in the pressures of the TI, and ICV
between the two groups. These findings are similar to
the findings of Quigley et al[24], “because ileocecal muscle
behaves as a sphincter, we were surprised by the absence
of clear tonic pressures across the ICV”. However, when
tested for the ICV cecal distension reflex using air insufflation into the cecum, we recorded an increase in the
pressure within the ICV in subjects with normal lactulose
breath tests which were significantly higher than in subjects with positive lactulose breath test. Subjects, with a
positive lactulose breath test commonly had a common
cavity effect (equalization of the pressures across all of
the compartments) during cecal air insufflation.
When the lactulose breath test is evaluated against the
gold standard of jejunal aspiration with bacterial culturing
for the diagnosis of SIBO the sensitivity and specificity
of the breath test is much lower. We suggest a number of
potential explanations for these results. First, perhaps not
all SIBO is due to an incompetent ICV. For example, in
cases of scleroderma in which there are diverticulum in
the small intestine it has been suggested that SIBO is due
to bacteria growing within the diverticulum. Second and
probably more important is the fact that these cultures
were taken from the jejunum which is a great distance
from the ICV and TI. Reflux of colonic contents would
not be expected to wash backwards beyond the ileum due
to the propulsive motion of peristalsis within the small
intestine, which is presumably normal in these subjects.
Normal peristalsis should keep the jejunal bacterial count
relatively low even when refluxing colonic contents into
the ileum[14]. Although we did not design this study to
determine if subjects undergoing screening colonoscopy
with a positive lactulose breath test have gastrointestinal
(GI) symptoms, we did find that many of the subjects in
our study had GI symptoms. While these symptoms were
more common in the group with positive lactulose breath
tests, they were not uncommon in the group with negative lactulose breath tests and we found that there was
no significant difference in the overall symptom scores
between the two groups. On the other hand, significantly
higher symptom scores were demonstrated in the subjects with positive lactulose breath tests for the individual
symptoms of, “not able to finish a normal sized meal”,
“feeling excessively full after meals”, “loss of appetite”
and “bloating”.
The Initial studies evaluating the treatment of IBS
patients with poorly absorbed antibiotics, were based
on the hypothesis that a significant proportion of these
patients actually had occult SIBO[25]. A number of studies have suggested that there are beneficial effects when
poorly absorbed antibiotics are used to treat patients
with IBS[26,27]. Initial studies reported the presence of
SIBO in up to 80% of IBS patients, on the basis of a
rapid rise in breath hydrogen during lactulose breath
testing. In a recent issue of the New England Journal of
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Background

Small intestinal bacterial overgrowth (SIBO) refers to a condition in which abnormally large numbers of bacteria are present in the small intestine and the
types of bacteria in the small intestine resemble the bacteria of the colon. Irritable bowel syndrome (IBS) is a disorder that leads to abdominal pain and cramping, changes in bowel movements, and other symptoms. SIBO and some forms
of IBS may be due to the distension of the small intestine with gas produced by
bacteria within the small intestine and/or colon. Recent studies strongly suggest
that some IBS like symptoms, afflicting many millions of patients, might be due
to small intestinal bacterial overgrowth SIBO.

8
9
10

Research frontiers

11

A percentage of patients with IBS like symptoms have relief of their symptoms
when they are treated with non-absorbable antibiotics which suppress the intestinal microbiota. It is thought that suppression of the microflora, within the colon
or the small intestine is the mechanism of this therapy.

12

Innovations and breakthroughs

The initial studies evaluating the treatment of IBS patients with poorly absorbed
antibiotics, were based on the hypothesis that a significant proportion of these
patients actually had occult SIBO. A number of studies have suggested that
there are beneficial effects when poorly absorbed antibiotics are used to treat
patients with IBS. Initial studies reported the presence of SIBO in up to 80% of
IBS patients, on the basis of a rapid rise in breath hydrogen during lactulose
breath testing. The current study is the first study to evaluate the role of ileocecal valve (ICV)/cecal distention reflex in patients suffering with small bowel
bacterial overgrowth.

13

These findings imply that repair of the ICV (pharmacologic, endoscopic or
surgical) or restoration of the ICV/cecal distension reflex may be used to treat
patients with SIBO and in patients with IBS like symptoms in the future.
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Applications

17

Terminology

The ileocecal valve is a sphincter muscle situated at the junction of the ileum
(last portion of your small intestine) and the colon (first portion of your large
intestine). Its function is to allow digested food materials to pass from the small
intestine into your large intestine. The ileocecal valve also blocks these waste
materials from backing back up into your small intestine. It is intended to be a
one-way valve, only opening up to allow processed foods to pass through.
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Peer review
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The authors examined the ICV/cecal distention reflex in patients with positive
lactulose breath test and in subjects with negative lactulose breath test. The
authors found that subjects with a positive lactulose breath test have a defective ICV/cecal distension reflex. This defective ICV/cecal distension reflex may
cause SIBO and IBS like symptoms due to reflux of fecal flora and the production of gas within the small intestine and/or the production of gas within the
colon, with reflux of the gas into the small intestine.
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Schizandra arisanensis extract attenuates cytokinemediated cytotoxicity in insulin-secreting cells
Yi-Shin Hsu, Yao-Haur Kuo, Hui-Ling Cheng, Peter R Flatt, Hui-Kang Liu
pendently ameliorated cytokine-mediated b cell death
and apoptosis. Instead of suppressing inducible nitric
oxide synthase/nitric oxide cascade or p38MAPK activity, suppression of stress-activated protein kinase/c-Jun
NH2-terminal kinase activity appeared to be the target
for SA-Et against the cytokine mix. In addition, SA-Et
provided some insulinotropic effects which re-activated
the abolished insulin exocytosis in cytokine-treated
BRIN-BD11 cells. Finally, schiarisanrin A and B isolated
from the SA-Et showed a dose-dependent protective
effect against cytokine-mediated β cell death.
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CONCLUSION: This is the first report on SA-Et ameliorating cytokine-mediated b cell death and dysfunction via anti-apoptotic and insulinotropic actions.
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Abstract
AIM: To explore the bioactivity of an ethanolic extract
of Schizandra arisanensis (SA-Et) and isolated constituents against interleukin-1β and interferon-γ-mediated
β cell death and abolition of insulin secretion.

Hsu YS, Kuo YH, Cheng HL, Flatt PR, Liu HK. Schizandra
arisanensis extract attenuates cytokine-mediated cytotoxicity in insulin-secreting cells. World J Gastroenterol 2012;
18(46): 6809-6818 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i46/6809.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i46.6809

METHODS: By employing BRIN-BD11 cells, the effects of SA-Et administration on cytokine-mediated cell
death and abolition of insulin secretion were evaluated
by a viability assay, cell cycle analysis, and insulin assay. The associated gene and protein expressions were
also measured. In addition, the bioactivities of several
peak compounds collected from the SA-Et were tested
against cytokine-mediated β cell death.

INTRODUCTION
The onset of type 1 diabetes occurs when approximately
60%-90% of insulin secreting cells are lost and/or are
dysfunctional due to b -cell directed autoimmunity [1].

RESULTS: Our results revealed that SA-Et dose-de-
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During the progression of autoimmunity, heavy infiltrations of mononuclear cells lead to substantial damage to
b cells by generating locally high concentrations of proinflammatory cytokines, perforin, and FasL-Fas interactions within the micro-environment of islets[2,3]. As a
result, deleterious outcomes include excessive proinsulin
secretion, the abolition of glucose-induced insulin secretion, and ultimately b cell death[4].
Currently, scientists have developed a wide range of
approaches to prevent or intervene in type 1 diabetes by
stimulating b-cell proliferation, attenuating the cytotoxic
effects of inflammatory agents, or modulating autoimmune response, and so on[1]. While many clinical trials
are ongoing, the application of herbal medicine remains
to be fully explored.
In cell culture systems, exposing b cells to an interleukin (IL)-1β and interferon (IFN)-γ mixture can mimic
the consequences of an immune attack in type 1 diabetes,
which affects pro-insulin secretion[5] and induces β cell
death[6]. By employing such a platform, potential β cell
protective herbal material can be identified. Schizandra arisanensis (SA-Et) is one of the schizandraceous plants from
Taiwan. This plant also contains various C18 dibenzocylcooctadiene lignans and C19 homolignans[7,8]. The indications for this herb in traditional Chinese medicine include
diabetes, hepatitis, immunomodulation, and cancer[7,9-11].
Therefore, in the present study, we investigated the potential b cell protective bioactivity of the ethanol extract
of SA-Et, including its isolated constituents against cytokine-mediated β cell cytotoxicity and dysfunction.

mg/mL in methanol) was prepared and injected into a
reverse-phase high-performance liquid chromatography
(HPLC) system. The HPLC analysis was performed using a Waters™ HPLC (cont 600 Pump, 996 photodiode
array detector, 600 controller, and 717 plus autosampler;
Milford, Massachusetts, United States), using a reversephase RP-18 column (4.6 mm × 250 mm i.d.). The solvent system used was a gradient of water and CH3CN.
The gradient system was as follows: 0-60 min, 45%-60%
CH3CN, and 60-70 min, 60%-75% CH3CN; with elution
performed at a solvent flow rate of 1 mL/min. The detection chromatogram was recorded at 215 nm.
Isolation of C19 homolignan and C18 lignan compounds
Peak compounds including schiarisanrin A (peak 5),
schiarisanrin B (peak 1), schiarisanrin C (peak 4), schiarisanrin E (peak 3), and macelignan (peak 6) were obtained
from the SA-Et followed by the procedures described
below. Isolation of taiwanschirin A (peak 2) was based on
a previous method[12].
Five grams of SA-Et was partitioned with water and
n-hexane, to give the n-hexane residue (SA-Et-H). Further separations of SA-Et-H (100 mg) were performed
on a Waters™ HPLC, using a preparative Cosmosil 5C18
AR-Ⅱ column (250 mm × 10 mm i.d.; Nacalai Tesque,
Kyoto, Japan), employing a gradient system [water (A)
and CH3CN (B), mobile phase was as follows: 0-2 min,
45%-50% (B); 2-20 min, 50%-55% (B), 20-55 min,
55%-60% (B), 55-60 min, 60%-70% (B), and 60-70 min,
70%-100% (B)], at a flow rate of 3 mL/min, under 215
nm UV, to yield schiarisanrin A (4.6 mg), schiarisanrin
B (4.1 mg), schiarisanrin C (5.6 mg), schiarisanrin E (6.3
mg), macelignan (11.5 mg), and schizanrin A (3.6 mg),
which were identified by comparison with authentic samples and reported spectroscopic data (UR, infrared, and
nuclear magnetic resonance) in the literature[8,12]. Their
purity was over 75% as analyzed by HPLC.

MATERIALS AND METHODS
Plant material and reagents
Stems of SA-Et were collected and authenticated by Dr.
Kuo YH in October 2005 in Chiayi County, Taiwan. A
voucher specimen (No. NRICM20051003) was deposited
at the National Research Institute of Chinese Medicine.
The following were used as positive controls in the various biological assays performed; recombinant cytokines
(IL-1β and IFN-γ; PeproTech, NJ, United States); epigallocatachin gallate (EGCG; Fluka, MO, United States); nitro-L-arginine methyl ester (L-NAME), glucose, KCl and
CaCl2 (Sigma-Aldrich Corp., MO, United States). These
reagents were obtained at the highest purity available (>
97%) from the suppliers indicated.

Cytotoxicity test
BRIN-BD11 cells were routinely cultured in RPMI-1640
containing 10% (v/v) fetal bovine serum and 2 g/L glucose[13]. For the cytotoxicity test, BRIN-BD11 cells were
seeded into 24-well plates at the density of 5 × 104 cells/
well. After overnight attachment, cells were incubated
with cytokines according to the figure legends. The viability at the end of treatment was measured by a neutral red
assay as described previously[14]. The absorbance under
control conditions was set to 100% viability.

Preparation of the ethanol extract of SA-Et
Dried stems of SA-Et were ground and then extracted
with 95% (v/v) EtOH at 45 ℃ three times for 48 h each
time. Under reduced pressure, the combined ethanol
extracts were concentrated to an ethanolic extract residue of SA-Et. DMSO was employed as the dissolving
reagent, and aliquots were prepared and stored at -20 ℃
before the biological assays were carried out.

Cell cycle analysis
At the end of treatment, cells were trypsinized and collected by centrifugation. Following a phosphate-buffered
saline (PBS) wash, cell pellets were resuspended in ethanol overnight at -20 ℃. Fixed cells were then washed with
PBS before being resuspended in 1% (v/v) Triton X-100
and incubated for 15 min. The cells were then resuspended in propidium iodide (PI) staining solution, consisting
of 20 μg/mL PI, 50 μg/mL RNase A, and 0.0001% (v/v)
Triton X-100 in PBS, and incubated at 4 ℃ for 30 min

High-performance liquid chromatographic analysis of
the SA-Et
A filtered volume (100 μL) of the SA-Et solution (1.0
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Gene Expression Assay kit with pre-designed probes for
iNOS (Rn00561646_m1) and β-actin (Rn00667869_m1).
Data were ct values (i.e., cycle number where logarithmic
PCR plots cross a calculated threshold line). For comparative quantification, ∆ct values were firstly calculated
using the formula: ∆ct = (ct of iNOS) - (ct of β-actin).
Then the ∆∆ct value was determined using the following
formula: ∆∆ct = (∆ct of each sample) - (average ∆ct of
control samples). Fold increase in iNOS level under each
condition was presented as 2-∆∆ct.

Table 1 Sequence of primer sets for conventional reverse
transcription-polymerase chain reaction
b-actin
Forward
Reverse
Glucokinase
Forward
Reverse
Insulin
Forward
Reverse
iNOS
Forward
Reverse

5’-CGTAAAGACCTCTATGCCAA-3’
5’-AGCCATGCCAAATGTGTCAT-3’
5’-AAGGGAACTACATCGTAGGA-3’
5’-CATTGGCGGTCTTCATAGTA-3’
5’-TGCCCAGGCTTTTGTCAAACAGCACCTT-3’
5’-CTCCAGTGCCAAGGTCTGAA-3’

Acute insulin-secretion test
The acute insulin-secretion test was as previously described[14]. In brief, the culture medium was discarded
and the cells were washed twice with 1 mL Krebs-Ringer
bicarbonate (KRB) buffer. The cells were then pre-incubated in KRB for 40 min at 37 ℃. Pre-incubation buffer
was then poured off followed by the addition of 1 mL of
test medium per well at a constant rate. After 20 min, the
test medium was collected at a constant rate and stored
at -20 ℃ prior to insulin determination by a rat insulin
enzyme-linked immunosorbent assay (ELISA) kit (Linco
Research, St. Charles, Missouri, United States). The limit
of sensitivity of the assay was 0.2 ng/mL (35 pmol/L)
insulin using a 10 μL sample. The appropriate range of
the insulin assay was 0.2 ng/mL to 10 ng/mL insulin (10
μL sample size). Samples with results greater than this
range were diluted with sample buffer in order to fit the
range of the standard curve.

5’-TTTTCACGACACCCTTCACC-3’
5’-GACCTGATGTTGCCACTGTTAG-3’

iNOS: inducible nitric oxide synthase.

with protection from light. Finally, the cells were passed
through a mesh prior to cell cycle analysis by employing
FACSan (BD Bioscience, San Jose, California, United
States).
Western blot analysis
This procedure followed a previous methodology[15]. In
brief, cells were washed with ice-cold PBS and scraped
into ice-cold lysis buffer. Cell debris was removed by
centrifugation. Equal amounts of protein (40 g) were
subjected to separation on sodium dodecylsulfate 10%
polyacrylamide gels. Following transfer to nitrocellulose
membranes, blots were blocked with 5% (w/v) non-fat
milk in Tris-buffered saline containing 0.1% (v/v) Tween
20 for 1 h, and incubated with primary antibodies at 4 ℃
overnight prior to incubation for 1 h at room temperature with the secondary antibody. Finally, results were
visualized after development of films with the aid of
an enhanced chemiluminescence kit (Amersham Biosciences, Uppsala, Sweden).

Determination of nitrite production
Test samples at 100 μL were mixed with 1.32% sulfanilamide (50 μL) in 60% acetic acid and 0.1% N-(1-naphthyl) ethylenediamine dihydrochloride HCl (50 μL) in
distilled water. After 10 min incubation, the absorbance
was read on a spectrophotometer at 540 nm. Actual concentrations were calculated from an absorbance vs nitrite
(μmol/L) standard curve.

Measurement of gene expression
Total RNA was extracted using the TRI-reagent according to the manufacturer’s instructions. Total RNA
(1 μg) was reverse-transcribed to generate templates.
Complementary (c) DNA at 50 ng was employed for
the polymerase chain reaction (PCR). The sequences of
primers are listed in Table 1. The annealing temperatures
for amplification of b-actin (57 ℃), glucokinase (57 ℃),
insulin (52 ℃), and inducible nitric oxide synthase (iNOS)
(55 ℃) were employed to generate respective sequences
of 349 bp, 130 bp, 187 bp, and 441 bp. Once the reaction was complete, PCR products were separated by gel
electrophoresis, visualized, photographed using a digital
camera, and quantified with Genetools 3.06 (Syngene,
Cambridge, United Kingdom). When iNOS mRNA was
determined by real-time reverse transcription-PCR, 1 μg
of total RNA was reverse transcribed into cDNA using
the RevertAid™ First Strand cDNA Synthesis Kit (Fermentas, Maryland, United States) before being applied
to the StepOnePlus™ Real-Time PCR System (Applied
Biosystems, Warrington, United Kingdom). Each reaction
was carried out based on the description of the TaqMan®

WJG|www.wjgnet.com

Statistical analysis
The significance of various treatments was determined
by the Student’s unpaired t-test under non-parametric
statistical conditions. Results are expressed as the mean ±
SE. Differences were considered significant at P < 0.05.

RESULTS
As shown in Figure 1, HPLC analysis of the ethanolic
extract of SA-Et was carried out, and seven major peaks
were obtained and identified as schiarisanrin B, taiwanschirin A, schiarisanrin E, schiarisanrin C, schiarisanrin
A, macelignan, and schizanrin A, respectively, by matching them to authentic samples. In addition, the model of
cytokine-mediated b cell destruction was established using BRIN-BD11 cells. As shown in Figure 2A, a synergistic effect on cytotoxicity was only observed when IL-1β
was mixed with IFN-γ. Maximum cell death occurred at
48 h when cells were treated with IL-1β (2 ng/mL) and
IFN-γ (100 ng/mL). As shown in Figure 2B, the pres-

6811

December 14, 2012|Volume 18|Issue 46|

Hsu YS et al . b-cell protective effects of SA-Et
Peak
Peak
Peak
Peak
Peak
Peak
Peak

0.14
0.12
0.10

Peak 1
Peak 5

0.08

Peak 6

1:
2:
3:
4:
5:
6:
7:

17.6 min schiarisanrin B
24.1 min taiwanschirin A
32.8 min schiarisanrin E
34.3 min schiarisanrin C
39.5 min schiarisanrin A
52.9 min macelignan
52.9 min schizarin A

Peak 4

0.06
Peak 2

0.04

Peak 3

Peak 7

0.02
0.00
0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

55.00

60.00

65.00

70.00

75.00 80.00

t /min
Peak 1

Peak 2

O

O

O

O

O
O

CH3

Peak 3

O
O

CH3

CH3

CH3

O

CH3

O

O

O

CH3

O

CH3

O

O

CH3

CH3
OCH3

O

H3OC

O

O

CH3

OCH3

OCH

Schiarisanrin B

Taiwanschirin A

Peak 5
O
O

OCH3

O
O

O

O

CH3

O
CH3

CH3

OH

O
CH3

CH3

H3OC

Schiarisanrin C

Peak 7

O
O

O

CH3

H3OC

Schiarisanrin E

Peak 6

O

O

O
O

H3CO
OCH3

CH3

O

CH3

3

H3C

O

O

O

O

Peak 4

H3C

CH3

H3CO

OH
OCH3
Schiarisanrin A

H3CO

OCH3

OCH3
Macelignan

Schizarin A

Figure 1 Chemical fingerprinting of the ethanolic extract of Schizandra arisanensis. The ethanolic extract of Schizandra arisanensis (SA-Et) (1.0 mg) was subjected to a high-performance liquid chromatography system to obtain chemical fingerprints. According to the retention times, the chemical identities and structures of
seven major peaks are listed.

ence of IFN-γ alone resulted in significant G1 arrest (P
< 0.05). In contrast, the presence of IL-1β alone caused
significant inhibition at S phase. However, when IFN-γ
was combined with IL-1β, the accumulated G1 arrested
cells appeared to have progressed into the subG1 phase (P
< 0.01) at the end of cytokine treatment. By affecting the
mechanisms of IL-1β + IFN-γ using various inhibitors,
our results showed that IL-1β + IFN-γ-mediated cytotoxicity could be attenuated by SP600125 and SB203580.
On the other hand, the presence of U0126 and L-NAME
had no beneficial effects on cell viability. Moreover, the
viability of cytokine-treated cells was worse in the presence of wortmannin (Figure 2C).
By employing our cell model, as shown in Figure 3A,

WJG|www.wjgnet.com

the SA-Et at 20 μg/mL provided b cell protective activity as shown by an increase of approximately 1.3-fold
(P < 0.01) in the viability in the cytokine treated condition. Consistently, induction of the subG1 phase in the
presence of IL-1β + IFN-γ was attenuated by the SAEt (Figure 3B). Finally, full-length caspase-3 degradation
in the presence of IL-1β + IFN-γ was observed and was
parallel to the increase in cleaved caspase-3 (active form)
of about 1.2-fold at 24 h post-treatment with IL-1β +
IFN-γ (Figure 3C). However, while SA-Et alone reduced
the cleaved form of caspase-3 by 30%, the proteasemediated caspase-3 activation by IL-1β + IFN-γ was also
ameliorated by SA-Et.
Following determination of the protective effect of
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Et (Figure 4B). Consistently, the presence of SA-Et (20
μg/mL) was unable to inhibit cytokine-mediated iNOS
mRNA through cytokine induction (Figure 4C and D).
Interestingly, SA-Et administration up to 20 μg/mL provided minor, but significant inhibition of cytokine-mediated NO formation. However, such inhibition did not
reach the level of the known iNOS inhibitor, L-NAME,
which provided > 50% of the inhibition of cytokinemediated NO production (Figure 4E).
In terms of SA-Et treatment on b-cell function with
or without cytokine challenge (Figure 5A), SA-Et treatment enhanced the insulinotropic effects of glucose and
extracellular Ca2+, and modestly but significantly affected
the insulinotropic effect of extracellular K+. As shown
in Figure 5B, glucose responsiveness of BRIN-BD11
cells was unaffected by SA-Et alone. On the other hand,
a detectable amount of secreted insulin under a basal or
high concentration of glucose was not detected in surviving BRIN-BD11 cells following cytokine treatment.
In contrast, we detected partial secretion of insulin from
cytokine-treated BRIN-BD11 cells in the presence of
SA-Et (P < 0.01).
When determining the insulin level in BRIN-BD11
cells under the indicated conditions, there was a modest
reduction in insulin mRNA expression in the presence of
SA-Et or the cytokine mix 48 h post-treatment (Figure
5C). In addition, insulin protein expression and the intracellular insulin content of BRIN-BD11 cells were consistent with each other (Figure 5D). Cellular insulin protein
level appeared to be similar regardless of the addition of
SA-Et. In contrast, cellular insulin contents in cytokinetreated cells were significantly elevated (P < 0.001). Interestingly, insulin content in cytokine-treated BRIN-BD11
cells with SA-Et treatment was significantly reduced (P <
0.05) compared with that in untreated cells.
Finally, we compared the biological activities of four
major peaks as shown in Figure 6. Epigallocatechin gallate (EGCG) was employed as a reference drug which
has been shown to protect against cytokine-mediated
[16]
b cell death . Our results indicated that both peak 1
(schiarisanrin B) and peak 5 (schiarisanrin A) provided b
cell protective bioactivity similar to EGCG (20 μg/mL).
The protective potency of schiarisanrin B reached its
maximum at a concentration of 5 μg/mL, and higher
concentrations led to a deleterious outcome. On the
other hand, schiarisanrin A provided a dose-dependent
protective effect starting at a concentration of 5 μg/mL
(P < 0.01). Peak 4 (schiarisanrin C) led to cell death in a
dose-dependent manner. Different from C19 homolignans, the C18 lignan, peak 6 (macelignan), played no role
in cytokine-mediated cytotoxicity at any concentration.
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Figure 3 The anti-apoptotic effect of the ethanolic extract of Schizandra
arisanensis. A: The viability of BRIN BD11 cells was determined after 48 h of cytokine treatment in the presence or absence of the ethanolic extract of Schizandra arisanensis (SA-Et); B: Cell cycle of BRIN BD11 cells was determined after
48 h of cytokine treatment in the presence or absence of the SA-Et. Data are
presented as the mean ± SE, n = 4. aP < 0.05, bP < 0.01 vs the control; C: Both
full and cleaved forms of caspase-3 protein were analyzed by Western blot after
24 h of cytokine treatment in the presence or absence of the SA-Et. A representative from three experiments is shown. IL-1b: Interleukin 1b; IFN-g: Interferon-g.

SA-Et, we further examined the impact of SA-Et on signal transduction of IL-1β + IFN-γ. As shown in Figure
4A, stress-activated protein kinase/c-Jun NH2-terminal
kinase (SAPK/JNK), p38MAPK, and STAT-1α activation
in cytokine-treated cells was evident, while ERK1/2 was
not activated. In the presence of SA-Et, the phosphorylation of SAPK/JNK (at T183/Y182) and its substrate
c-Jun (at S63) was attenuated by this treatment, while
other pathways appeared to be unaffected by SA-Et.
In addition, cytokine treatment also promoted IκBα
degradation which was unaffected by the addition of SA-
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DISCUSSION
Conventional therapy in patients with type 1 diabetes
does not allow minute-to-minute control of blood glucose and does not prevent complications associated with
the disease. Whole pancreas or islet transplantation facilitates glucose control on a real-time basis but the lack of
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quantification of iNOS mRNA was presented as 2-∆∆ct. Data are presented as the mean ± SE, n = 3. bP < 0.01 vs cells under control conditions; E: Nitric oxide production in
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sufficient organs for transplantation is a major obstacle.
Employing toxin-resistant cells for type 1 diabetes therapy is another developing approach in cell-based therapies.
However, disassociation between toxin resistance and
insulin-secretory functions may occur during the induction of toxin resistance[17]. Moreover, to our knowledge,
no “master” toxin-resistant cells have been created so
far[17-19]. As a result, supplementation with b cell protective phytochemicals to enhance the survival rate and
secretory functions of cell-based therapeutics for curing
type 1 diabetes is an interesting and flexible approach[20,21].
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To pursue this objective, we created a simple platform
by employing BRIN-BD11 cells. The use of a cytokine
mix successfully promoted b cell death and abolished glucose-stimulated insulin secretion after 48 h of treatment.
Through cell cycle analysis, it was apparent that only the
combination of IL-1β and IFN-γ elicited apoptosis as
judged by caspase 3 cleavage and a significant increment
of the subG1 population in BRIN-BD11 cells under such
conditions. In the present investigation, the anti-apoptotic effect of SA-Et against cytokine-mediated b cell death
was clearly demonstrated. Consistent with the restoration
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of cell viability, the ratio of the subG1 phase and protein
level of cleaved caspase-3 in the cytokine-treated condition was blocked or reduced by SA-Et.
According to previous research, NFκB, p38MAPK,
and SAPK/JNK pathways all play a role in cytokinemediated cytotoxicity in b cells. Interestingly, unlike other
cell lines, NFκB downstream iNOS/NO induction is not
responsible for apoptosis of BRIN-BD11 cells. Instead,
insulin secretion in response to glucose was significantly
affected by NO production in BRIN-BD11 cells[22]. Our
results are consistent with previous findings and further
demonstrated that p38MAPK and JNK/SAPK play
important roles in cytokine-mediated BRIN-BD11 cell
death.
Using this cell model, we screened several antidiabetic herbal extracts and discovered that SA-Et has
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protective bioactivity. According to the HPLC profile of
the SA-Et, seven major peaks were identified: five C19 homolignans (schiarisanrins) and two C18 lignans (schizanrin
A and macelignan). Through bioactivity screening, it was
evident that some C19 homolignans could account for the
b cell protective effects of the SA-Et against the cytokine
challenge. To our knowledge, this is the first report to reveal such bioactivity in C19 homolignans. The results also
implied that C19 homolignans which possess an acetoxyl
group at C-5 exhibited more-potent bioactivity than did
those with the benzonic acid ester at C-5, regardless of
the different C19 homolignan skeletons as shown in Figure 1. Notably, schiarisanrin C exhibited dose-dependent
negative protection activity, which was consistent with a
previous report which found that schiarisanrin C exhibited cytotoxicity against other cell lines[8]. The structure-
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activity relationship will likely be more obvious when
more types of C19 homolignan derivatives are compared.
To further elucidate the potential drug target of SAEt, we evaluated the effects of SA-Et on key players in
each pathway involved in cytokine-mediated b cell death.
The results indicated that SA-Et appeared to impact on
JNK/SAPK kinase activities and downstream substrate,
i.e., c-Jun, to facilitate its protective activity against the
cytokine mix. Recent research discovered that the JNK/
c-Jun cascade could transactivate the expression of Bcl-2
homology 3 (BH3)-only member death protein 5 (DP5)/
harakiri (Hrk) leading to b cell apoptosis[23]; therefore, our
results suggest that SA-Et treatment might intervene in
such a cytokine pathway to facilitate b cell protection.
Interestingly, our results also demonstrated that SA-Et
treatment had no inhibitory effect on cytokine-mediated
NF-kB release judged by a similar pattern of cytokinemediated IkB degradation and iNOS mRNA expression
in the presence of SA-Et. NF-kB is an important player
in abolishing glucose-stimulated insulin secretion (GSIS)
by affecting the glucose-induced influx of Ca2+[24,25]. In
addition, IL-1β-mediated NO production also plays a
negative role in insulin secretion in BRIN-BD11 cells[22].
Therefore, whether SA-Et can not only preserve the viability of cytokine-treated BRIN-BD11 cells, but also rescue the impaired insulin secretion of the cytokine-treated
cells was our next question.
In terms of the insulinotropic action of SA-Et, our
results indicate that SA-Et acutely enhanced both glucose- and calcium-stimulated insulin secretion, although
K+-stimulated insulin secretion appeared to be slightly
reduced by SA-Et. As a result, we speculated that the
insulinotropic effect of SA-Et might be associated with
calcium-mediated insulin exocytosis, an overall proximal
step in insulin secretion. In contrast, under cytokine
treatment, insulin exocytosis rather than insulin mRNA
expression appeared to be affected in BRIN-BD11 cells.
This was based on the observations that insulin secreted
by cytokine-treated BRIN-BD11 cells was undetectable
using the insulin ELISA kit; however, the insulin mRNA
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and intracellular insulin content (protein level) of BRINBD11 cells remained intact. When SA-Et was present, the
abolished insulin exocytosis by the cytokine mix might be
counteracted; therefore, resulting in partial recovery of
glucose-stimulated insulin secretion and relief of accumulated insulin content in cytokine treated BRIN-BD11
cells.
In conclusion, the current investigation revealed, for
the first time, that C19 homolignans isolated from SA-Et
possessed protective bioactivity against cytokine-induced
b cell death. The cytokine-impaired insulin secretory
function was also partially restored. However, iNOS/NO
inhibition appeared to be an important factor if intact
b cell insulin secretory function is to be preserved after
cytokine challenge. In the future, continued research on
potent b cell-protective phytochemicals should substantially contribute to the development of islet/stem cell
transplantation or cell-based therapies for type 1 diabetes.

COMMENTS
COMMENTS
Background

Conventional therapy (i.e., insulin injection) in patients with type 1 diabetes
does not allow minute-to-minute control of blood glucose and does not prevent
complications associated with the disease. However, the employment of whole
pancreas or islet transplantation suffers from a lack of sufficient organs for
transplantation. Therefore, the application of cell-based therapeutics for curing
type 1 diabetes is an interesting and hot topic in the field.

Research frontiers

Employing toxin-resistant cells for type 1 diabetes therapy is a developing cellbased approach for curing type 1 diabetes. At least 5 toxin resistant β cell lines
have been generated and investigated for defensive mechanisms. However,
disassociation between toxin resistance and insulin-secretory functions may
occur during the induction of toxin resistance. To our knowledge, no “master”
toxin-resistant cells have been created so far. As a result, employing β-cell
protective agent(s) including phytochemicals from traditional Chinese medicine
to protect cell-based transplants has become an alternative and practical approach in the field.

Innovations and breakthroughs

By employing the glucose-responsive, insulin-secreting cell line, BRIN-BD11
cells, the authors successfully established a platform mimicking hormonal part
of immune-attack in type 1 diabetes. In addition, the authors noted dissociation not only between cytokine-mediated nitric oxide and cell death, but also
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between cell survival rate and secretory function. Moreover, the NFkB-induced
inducible nitric oxide synthase-nitric oxide pathway is not necessarily a maser
regulator for cell viability and function. Schizandra arisanensis (SA-Et) is one
of the schizandraceous plants from Taiwan. The indications for this herb in traditional Chinese medicine include diabetes, hepatitis, immunomodulation and
cancer. The current investigation is likely to be the first report on C19 homolignans from SA-Et which possess β-cell protective effects. Different to previous β
cell protective phytochemicals, such as epigallocatechin gallate and silymarin,
the action of C19 homolignans is not due to the blockage of NFkB-inducible
nitric oxide synthase-nitric oxide.

11

12

Applications

By employing this glucose-responsive, insulin-secreting cell line to generate
several platforms which represent key steps in autoimmune mediated β-cell
destruction. The authors will be able to design a formulation which can be used
to enhance the survival rate and maintain secretory functions in cell-based
therapeutics to achieve needle-free control of type 1 diabetes in the future.

13

Terminology

14

Type 1 diabetes (T1D) is an autoimmune disease which occurs when approximately 60%-90% of insulin secreting cells are lost and/or are dysfunctional due
to β-cell directed autoimmunity. During the progression of T1D, heavy infiltrations of mononuclear cells lead to substantial damage to β cells by generating
locally high concentrations of pro-inflammatory cytokines, perforin, and FasLFas interactions within the micro-environment of islets. As a result, deleterious
outcomes including excessive pro-insulin secretion, the abolition of glucoseinduced insulin secretion, and ultimately β cell death are observed.
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Peer review

The article is very interesting and shows novel findings in insulin secreting cells.
The article is well written. Furthermore, it correctly cites the most important articles in the field.
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Moxibustion inhibits interleukin-12 and tumor necrosis
factor alpha and modulates intestinal flora in rat with
ulcerative colitis
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testinal flora and release of interleukin-12 (IL-12) and
tumor necrosis factor-α (TNF-α) from the colon in rat
with ulcerative colitis (UC).
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METHODS: A rat model of UC was established by local stimulation of the intestine with supernatant from
colonic contents harvested from human UC patients. A
total of 40 male Sprague-Dawley rats were randomly
divided into the following groups: normal (sham),
model (UC), herb-partition moxibustion (HPM-treated),
and positive control sulfasalazine (SA-treated). Rats
treated with HPM received HPM at acupuncture points
ST25 and RN6, once a day for 15 min, for a total of 8
d. Rats in the SA group were perfused with SA twice a
day for 8 d. The colonic histopathology was observed
by hematoxylin-eosin. The levels of intestinal flora,
including Bifidobacterium , Lactobacillus , Escherichia
coli (E. coli ), and Bacteroides fragilis (B. fragilis ), were
tested by real-time quantitative polymerase chain reaction to detect bacterial 16S rRNA/DNA in order to
determine DNA copy numbers of each specific species.
Immunohistochemical assays were used to observe the
expression of TNF-α and IL-12 in the rat colons.
RESULTS: HPM treatment inhibited immunopathology
in colonic tissues of UC rats; the general morphological
score and the immunopathological score were significantly decreased in the HPM and SA groups compared
with the model group [3.5 (2.0-4.0), 3.0 (1.5-3.5) vs
6.0 (5.5-7.0), P < 0.05 for the general morphological score, and 3.00 (2.00-3.50), 3.00 (2.50-3.50) vs
5.00 (4.50-5.50), P < 0.01 for the immunopathological
score]. As measured by DNA copy number, we found
that Bifidobacterium and Lactobacillus , which are associated with a healthy colon, were significantly higher in
the HPM and SA groups than in the model group (1.395
± 1.339, 1.461 ± 1.152 vs 0.045 ± 0.036, P < 0.01 for
Bifidobacterium , and 0.395 ± 0.325, 0.851 ± 0.651 vs
0.0015 ± 0.0014, P < 0.01 for Lactobacillus ). On the
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other hand, E. coli and B. fragilis , which are associated with an inflamed colon, were significantly lower
in the HPM and SA groups than in the model group
(0.244 ± 0.107, 0.628 ± 0.257 vs 1.691 ± 0.683, P <
0.01 for E. coli , and 0.351 ± 0.181, 0.416 ± 0.329 vs
1.285 ± 1.039, P < 0.01 for B. fragilis ). The expression
of TNF-α and IL-12 was decreased after HPM and SA
treatment as compared to UC model alone (4970.81 ±
959.78, 6635.45 ± 1135.16 vs 12333.81 ± 680.79, P
< 0.01 for TNF-α, and 5528.75 ± 1245.72, 7477.38 ±
1259.16 vs 12550.29 ± 1973.30, P < 0.01 for IL-12).

Previous studies have shown that herb-partition mo
xibustion (HPM) can be anti-inflammatory[11]. It can also
improve symptoms in mild-to-moderate UC patients,
such as relieving abdominal pain and decreasing bloody
diarrhea[12-14]. Experiments have also demonstrated that
HPM can down-regulate the protein and mRNA expression of interleukin (IL)-8 and intercellular adhesion
molecule-1 in colon tissues of UC patients, indicating
that HPM can inhibit chemotaxis and cell migration into
inflamed tissues[14]. HPM can also promote neutrophil
apoptosis and down-regulate cytokines, such as IL-1
beta, IL-6, and tumor necrosis factor-alpha (TNF-α),
further suggesting an anti-inflammatory role for HPM
treatment[15]. Moreover, a recent report shows that intestinal injury was decreased and TNF-α was also found to
be decreased after HPM treatment in a Crohn’s disease
model[16]. Taken together, these results indicate that HPM
can regulate immune function in UC. However, whether
HPM can also alter the intestinal flora composition is still
unknown.
A large number of bacteria comprise the human intestinal flora, outnumbering host cells by a ratio of 10:1.
Various types of bacteria constitute the gut flora, including symbiotic and pathogenic bacteria whose pathogenicity is hidden from the immune system from various
barrier and immune-mediated mechanisms. For this
study, we observed the relative proportions of both the
symbiotic - and most prevalent - bacteria, such as bifidobacteria and lactobacilli, and the conditioned pathogenic
flora, such as E. coli and B. fragilis, as readouts to explore
the effects of HPM on modulating the intestinal flora
of rats in a model of UC. We also investigated whether
HPM regulates the expression of pro-inflammatory
cytokines, such as TNF-α and IL-12, in colon tissues
of UC rats. This study would aid in understanding the
mechanisms of how HPM can alleviate symptoms of
UC.

CONCLUSION: HPM treatment can regulate intestinal
flora and inhibit the expression of TNF-α and IL-12 in
the colon tissues of UC rats, indicating that HPM can
improve colonic immune response.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disease
of the gastrointestinal tract characterized by increased
stool frequency, bleeding and abdominal pain, and ulceration limited to the colon mucosa. The role of immunological pathogenesis in UC has been widely recognized[1,2]. In recent years, the involvement of pathogenmediated immune dysfunction has received extensive
attention. Studies have shown that UC patients have altered intestinal flora species. For example, Bifidobacterium,
Lactobacillus and fusobacterium Escherichia coli (E. coli) desulfovibrio were significantly decreased, while Bacteroides
fragilis (B. fragilis), were significantly increased[3-6]. In hosts
with altered intestinal flora, the immune system recognizes intestinal flora and its metabolites as pathogenic
antigens that can cause an abnormal immune response
and stimulate bowel epithelial cells in UC patients with
genetic susceptibility. This activity then destroys the
structure and function of colonic mucosa, leading to
the ongoing pathology associated with UC[7]. Alteration
of the intestinal flora has been considered to be the
initiating and continuous factor in the onset of UC[7-10].
Therefore, the modulation of intestinal flora has been
suggested as a potential approach to treat UC.
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MATERIALS AND METHODS
Animals
Sprague-Dawley rats were obtained from the Department
of Experimental Animal Science of Shanghai Medical
College at Fudan University [No. SCXK(SH)2009-0019].
All protocols were performed in strict accordance with
the Guidance Suggestions for the Care and Use of Laboratory Animals, formulated by the Ministry of Science
and Technology of the People’s Republic of China[17].
This study received permission from the Ethics Committee in Yueyang Hospital of Integrated Traditional
Chinese and Western Medicine, which is affiliated with
Shanghai University of Traditional Chinese Medicine,
China.
Establishment of the UC rat model
Forty neonatal, male Sprague Dawley rats weighing 183
± 10 g were randomly divided into the following experimental groups: normal, model, HPM, and sulfasalazine
(SA). The UC rat model was established according to an
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0.6 cm high) (Nanyang Hanyi Moxa Co., Ltd. China)
were placed vertically on a medicinal formula composed
of radix aconite, cortex, radix, carthami and salviae
miltiorrhizae. The medicinal formula was then placed
on acupoints ST25 (located on a horizontal line 2 cun
laterally to the midline and 5 cun above the symphysis
pubis, a point of hand Yangming, the mu point of the
large intestine meridian, and it regulates the function
of the intestine and stomach) [21,22] and RN6 (located
on ventral midline 3.5 cun above the symphysis pubis
and 1.5 cun below the navel, a point of the conception
meridian, and it strengthens original qi and improves immune function); the moxa cones were then ignited and
each acupoint was treated twice in 15 min increments.
This treatment was repeated once daily for a total of 8
d[23]. As a positive control for inhibition of UC symptoms, the immunosuppressant SA was used. For the SA
treatment group, salicylazosulfapyridine solution (0.25
g/tablet) was intragastrically administered to rats (Sanwei
Pharmaceutical, Shanghai, China; Batch No. 200807C30)
twice daily for a total of 8 d. The salicylazosulfapyridine
solution concentration was 20 mg/mL with a daily dose
of 100 mg/kg, which is equivalent to 0.1 g/kg in a human patient[24].

Table 1 General morphological scoring
General morphological manifestation
Colon adhesion

Ulcer and
inflammation

No adhesion
Mild adhesion
Severe adhesion
No ulcer and no inflammation
Local congestion, no ulcer
1 ulcer without congestion or bowel wall
thickening
1 ulcer with inflammation
> 2 ulcer and inflammation
> 2 ulcer and/or inflammation area > 1 cm
> 2 ulcer and/or inflammation area > 2 cm,
one more damage, plus 1

Score
0
1
2
0
1
2
3
4
5
6-8

Table 2 Immunopathological scoring
Immunopathological manifestation
Ulcer

Inflammation

Granuloma
Lesion depth

Fibrosis

No ulcer
Ulcer area < 3 cm
Ulcer area > 3 cm
No inflammation
Mild inflammation
Severe inflammation
No granuloma
Granuloma
No lesion
Submucosa
Muscular layer
Serosa layer
No fibrosis
Mild fibrosis
Severe fibrosis

Score
0
1
2
0
1
2
0
1
0
1
2
3
0
1
2

Morphological observation of fixed colon samples
Following treatment and sacrifice by cervical dislocation,
samples were collected from the descending colon (5 cm
above the anus), cleaned with normal saline, and general
morphology was then scored (Table 1). The samples
were fixed in 10% formalin, dehydrated, embedded in
paraffin, and sectioned into 4 μm thick slices. These sections were then stained by hematoxylin-eosin for pathological observation and the histological grade was scored
with the bland method[25,26] (Table 2).

immunological method and local stimulation[15,18-20]. In
brief, fresh human colonic mucosa was obtained from
surgical colonic specimens, homogenized in normal saline and centrifuged for 30 min at 3000 rpm in order to
remove cells and bacteria. The supernatant, containing
antigens released from UC colon patients, was diluted
into an appropriate protein concentration and mixed
with Freund’s adjuvant (Shanghai Chemical Reagent
Company, Shanghai, China). One mL of the antigen plus
adjuvant mixture, containing a total of 6 mg protein, was
injected into the front footpad at day 0. Following this
initial dose, the same mixture was then injected into the
back footpad, dorsa, inguina, and abdominal cavities on
days 10, 17, 24 and 31, respectively. On day 38, rats were
anesthetized intraperitoneally with 2% pentobarbital sodium (30 mg/kg) and 3 mL enema of 3% formalin were
administered to the rats - in order to stimulate the colon
immune response - for 1 h following a saline wash after
a 2 mL enema of antigen fluid (without Freund’s adjuvant) for 2 h following a saline wash.

TNF-α and IL-12 immunohistochemistry
Paraformaldehyde-fixed and paraffin-embedded samples
were sliced into 4 μm slices. Paraffin slides were deparaffinized in xylene Ⅰ, xylene Ⅱ, and xylene Ⅲ; dehydrated
in 95%, 90% and 70% ethanol; and then incubated with
primary rabbit antibodies at 4 ℃ for 18 h (anti-TNF-α
was diluted to 1:150; IL-12 was diluted to 1:200) (Abcam
Co., United Kingdom). The tissues were then visualized
with 0.5 g/L diaminobenzidine and 0.3 g/L H2O2 in distilled water, and rinsed in phosphate buffered saline for
10 min. A known positive sample was used as a positive
control for all slices, and phosphate buffered saline was
substituted for the primary antibody and isotype controls
as negative controls. All the samples were analyzed by a
Motic Med 6.0 image analysis system (Motic Group Co.,
Ltd.). Three fields were randomly selected under an optical microscope (Olympus Co., Ltd.) at 400 × magnification to calculate the positive target value of the integral
optical density.

Treatment
After the UC model was established in the rats, HPM
was performed during days 39-46 of UC model in the
treatment groups. Moxa cones (0.5 cm in diameter and
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16S rRNA real-time quantitative polymerase chain reaction
Rat feces taken directly from inoculated rats was placed
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Table 3 Oligonucleotide primers and TaqMan fluorescent probe sequences used for real-time polymerase
chain reaction assays
Primer or probe name

Primer sense

Bifidobacterium

Sequence (5’→3’)

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

Lactococcus lactis
Bacteroides
Bacillus vallismortis

5'-ACTGGAATTCCCGGTGTAAC-3'
5'-GTCAGTAACGGCCCAGAGAC-3'
5'-CAACATTTGGAAACGAATGC-3'
5'-CCTTGGTGAGCCTTTACCTC-3'
5'-ATTGCAGTGGAATGATGTGG-3'
5'-TATGGCACTTAAGCCGACAC-3'
5'-ACCGCATGGTTCAGACATAA-3'
5'-AGCCGTTACCTCACCAACT-3'

P = 0.002

General morphological score

8
7

85
134
106
88

distributions, LSD/SNK-q for homogeneity of variance, and Dunnett’s T3 for heterogeneity of variance. A
non-parametric test was used for when the data did not
follow Gaussian distribution, and the Spearman method
was used for correlation analysis. A value of P < 0.05
was considered statistically significant.

P25
- Maximum
- Minimum
+P50
P75

P = 0.01

P = 0.000

Amplification product (bp)

6
5
4

RESULTS

3
2

HPM inhibits tissue damage in colonic tissues of UC rats
When the colonic tissues were observed for morphological changes upon treatment, we observed that our UC
model group exhibited edematous colonic mucosa and
there was serious congestion, erosion, and ulcer formation as compared to the normal group, which exhibited
a smooth colonic mucosa surface, clear vascular texture,
and no erosion or ulcers. Interestingly, HPM treatment
was able to decrease the observed changes in UC treated
rats and return the colon to a more normal state, as the
colonic mucosa surface of these rats was smooth, there
was accidental edema, the vascular texture was clear,
and congestion, edema and erosion were significantly
reduced compared to the model group. As shown in
Figure 1, the general morphological score of the colonic
tissue in the model group was significantly higher than
the normal group [6.0 (5.5-7.0) vs 0.0 (0.0-0.0), P = 0.000].
After treatment, the scores were lower in both the HPM
group [3.5 (2.0-4.0) vs 6.0 (5.5-7.0), P = 0.01] and the
control SA group [3.0 (1.5-3.5) vs 6.0 (5.5-7.0), P = 0.002].
This data suggests that HPM is able to dampen the
tissue-damaging effects of UC.

1
0
NC

MC

HPM

SA

Groups

Figure 1 Herb-partition moxibustion inhibits tissue damage in colonic
tissues of rats with ulcerative colitis. The general morphological score of the
colonic tissue in the model control (MC) group was significantly higher than the
normal control (NC) group (P = 0.000). After treatment, the scores were lower
in both the herb-partition moxibustion (HPM) group (P = 0.01) and the control
sulfasalazine (SA) group (P = 0.002).

into 5-10 mL of nutrient broth and was shaken and cultivated overnight at 37 ℃. To extract DNA, 50 μL of
the bacterial culture fluid was placed in a 1.5 ml sterile
centrifuge tube, and 50 μL of DNA extract was added.
This was mixed well at a constant temperature of 100°C
for 10 min. It was then centrifuged at 12 000 rpm for 5
min and saved for later use. For the quantitative reverse
transcription-polymerase chain reaction, the 7500 Sequence Detection System was used (ABI Co., USA). The
sequence of the forward primer (F) and reverse primer
(R) are shown in Table 3. DNA was prepared for PCR
amplification in the following way: 10 μL 5× PCR buffer, 0.5 μL forward primer F, 0.5 μL reverse primer R, 0.5
μL dNTPs, 0.5 μL TaqMan fluorescent probe, 1 μL Taq
enzyme, 32 μL dHO2 water, and 5 μL cDNA template.
We used the following amplification conditions: (1) 50 ℃
2 min, (2) 95 ℃ 5min, (3) 95 ℃ 15 s, and (4) 60 ℃ 45 s,
for 40 cycles.

HPM inhibits immunopathology in colonic tissues of UC rats
To evaluate whether HPM was also able to regulate the
inflammatory cell infiltration that causes tissue damage
in UC, we evaluated the extent of immunopathology by
looking for inflammatory cell tissue infiltration by HE
staining. As shown in Figure 2A-D, the colonic mucosa
and mucosa villi were damaged or missing in the UC
model group, and large mononuclear cell and macrophage infiltration appeared in the mucosa or submucosa
with congestion, edema, and ulceration as compared to
the normal group, where the colonic mucosa epithelium
was complete and the colonic gland was regularly arranged with inconspicuous inflammatory cell infiltration.
However, HPM treatment decreased the inflammatory

Statistical analysis
All data were analyzed using SPSS 10.0 statistical software
(SPSS Inc., United States), and all data were expressed
as mean ± SD for normally distributed continuous variables and as median (QL-QU) for abnormal variables.
A one-way analysis of variance was used for normal
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A

B

C

D

E

P = 0.015

P25
- Maximum
- Minimum
+P50
P75

P = 0.007

P = 0.000

Histopathological score

8
7
6
5
4
3
2
1
0
NC

MC

HPM

SA

Groups

Figure 2 Herb-partition moxibustion inhibits immunopathology and decreases the histopathological scores in colonic tissues of rats with ulcerative
colitis. A: Normal; B: Ulcerative colitis (UC); C: Herb-partition moxibustion (HPM); D: Sulfasalazine (SA); E: The histopathological scores for the colonic tissue in the
UC model control (MC) group were significantly higher than the normal control (NC) group (P = 0.000). After treatment, the scores were lower in both the HPM group
(P = 0.007) and SA group (P = 0.015). The colonic mucosa was damaged in the UC model group with cell infiltration, congestion, edema, and ulceration. After HPM
treatment, there are only slight submucosal edema and inflammatory cell infiltration, and the colonic mucosa epithelium and the colonic gland were more regularly arranged than in the model group, new epithelial cells were observed to be covering the ulcers. Positive control SA treatment showed similar recovery of the UC model
as the HPM group.

cell infiltration and the ensuing immunopathology, as we
observed only slight submucosal edema and inflammatory cell infiltration, and the colonic mucosa epithelium
and the colonic gland were more regularly arranged than
in the model group. Additionally, new epithelial cells
were observed to be covering the ulcers that developed
under UC conditions, indicating that HPM treatment
could induce recovery of these ulcers. Positive control
SA treatment showed similar recovery of the UC model
as the HPM group. As shown in Figure 2E, the histopathological scores for the colonic tissue in the model
group were significantly higher than the normal group
[5.00 (4.50-5.50) vs 0.00 (0.00-0.50), P = 0.000]. After

WJG|www.wjgnet.com

treatment, the scores were lower in both the HPM group
[3.00 (2.00-3.50) vs 5.00 (4.50-5.50), P = 0.007] and SA
group [3.00 (2.50-3.50) vs 5.00 (4.50-5.50), P = 0.015].
Taken together, these data indicate that HPM treatment
can inhibit inflammatory cell infiltration under UC conditions and therefore limit the resulting immunopathology in the colon tissue.
HPM treatment rebalances the colonic intestinal flora of
UC rats
Because the deregulation of intestinal flora is now understood to be a major component of UC pathogenesis,
we tested whether HPM could restore the balance of
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P = 0.000

Normal
UC
HPM
SA

P = 0.000 P = 0.001
90

25 P = 0.000

80

P = 0.003

P = 0.001

P = 0.000 P = 0.000

DNA copy × 10 000

20

70
DNA copy × 10 000

P = 0.001

P = 0.000

60

P = 0.000 P = 0.000

50
40
30
20

Normal
UC
HPM
SA

P = 0.009

15

10

5

10
0

Bifidobacterium

0

Lactobacillus

Bacteroides fragilis

Colibacillus

Figure 3 Herb-partition moxibustion treatment increases the colonic
Bifidobacterium and Lactobacillus of rats with ulcerative colitis. The
DNA copies of the symbiotic groups Bifidobacterium and Lactobacillus were
both significantly decreased in the ulcerative colitis (UC) group compared to
the normal control (NC) group (P = 0.000). After herb-partition moxibustion
(HPM) treatment, the DNA copies of Bifidobacterium and Lactobacillus were
both significantly increased in the HPM group (P = 0.001 and P = 0.000) and
sulfasalazine (SA) group (P = 0.000 and P = 0.000) compared with the UC
model group.

Figure 4 Herb-partition moxibustion treatment decreases the colonic
pathogenic bacteria Bacteroides fragilis and Escherichia coli of rats
with ulcerative colitis. The DNA copies of the pathogenic bacteria Bacteroides fragilis (B. fragilis), and Escherichia coli (E. coli) were both significantly
increased in the ulcerative colitis (UC) rats compared to the normal control
(NC) rats (P = 0.000). After herb-partition moxibustion (HPM) treatment, the
DNA copies of B. fragilis and E. coli were both significantly decreased in the
HPM group (P = 0.001 and P = 0.000) and sulfasalazine (SA) group (P = 0.001
and P = 0.003) compared with the UC model group.

the bacteria species back to normal by using the readout
of the levels of symbiotic and pathogenic bacteria. To
do this, we tested the levels of species-specific bacterial
DNA by detecting 16S RNA from rat feces among the
different groups. As shown in Figure 3, DNA copies of
the symbiotic groups Bifidobacterium and Lactobacillus were
both significantly decreased in the UC group compared
to the normal group (0.045 ± 0.036 × 105 vs 6.707 ± 1.595
× 105 for Bifidobacterium, 0.0015 ± 0.0014 × 107 vs 3.254
± 1.395 × 107 for Lactobacillus, P = 0.000). After HPM
treatment, the levels were restored, because DNA copies
of Bifidobacterium and Lactobacillus were both significantly
increased in the HPM group and SA group compared
with the model group (1.395 ± 1.339, 1.461 ± 1.152 vs
0.045 ± 0.036 × 105, P = 0.001 in HPM group and P =
0.000 in SA group for Bifidobacterium, and 0.395 ± 0.325,
0.851 ± 0.651 vs 0.0015 ± 0.0014 × 107, P = 0.000 for
Lactobacillus). As shown in Figure 4, the DNA copies of
the pathogenic bacteria B. fragilis and E. coli were both
significantly increased in the UC rats compared to the
normal rats (1.285 ± 1.039 vs 0.097 ± 0.063 × 105 for B.
fragilis, 1.691 ± 0.683 vs 1.691 ± 0.683 × 105 for E. coli,
P = 0.000). After HPM treatment, the DNA copies of
B. fragilis and E. coli were both significantly decreased in
the HPM group and SA group compared with the UC
model group (0.351 ± 0.181 × 105, 0.416 ± 0.329 × 105
vs 1.285 ± 1.039 × 105, P = 0.001 for B. fragilis and 0.244
± 0.107 × 105, 0.628 ± 0.257 × 105 vs 1.691 ± 0.683 ×
105 P = 0.000 in HPM group and P = 0.003 in SA group
for E. coli). These data indicate that HPM treatment can
rebalance the intestinal flora toward more normal levels
after alteration under UC conditions.

HPM inhibits the secretion of the pro-inflammatory
mediators TNF-α and IL-12 in the colon tissue of UC rats
To determine whether the HPM-induced reduction of
inflammation was due to an effect of HPM on the secretion of pro-inflammatory cytokines, we measured
TNF-α and IL-12 levels in colon tissue by immunohistochemistry. As shown in Figure 5A1-E1, TNF-α expression was significantly increased in the UC model group
compared to the normal group (650 313.82 ± 65 996.76
vs 48 384.84 ± 9438.98, P = 0.000). After treatment,
TNF-α expression was significantly decreased in both
the HPM group and SA group compared with the UC
model group (231 783.33 ± 50 222.65, 283 668.65 ±
44 978.06 vs 650 313.82 ± 65 996.76, P = 0.000). There
was a difference in TNF- α expression between the
HPM group and positive control SA group (231 783.33
± 50 222.65 vs 283 668.65 ± 44 978.06, P = 0.034). As
shown in Figure 5A2-E2, IL-12 expression was significantly increased in the model group compared to the
normal group (901 708.26 ± 215 867.35 vs 76 799.88 ±
15 270.78, P = 0.000). HPM treatment inhibits IL-12
expression because it was significantly decreased in both
the HPM group and positive control SA group compared with the model group (333 652.88 ± 121 428.18,
512 202.17 ± 95 369.17 vs 901 708.26 ± 215 867.35,
P = 0.001 in the HPM group and P = 0.012 in the SA
group). There was a difference in IL-12 expression between the HPM group and the SA group (333 652.88 ±
121 428.18 vs 512 202.17 ± 95 369.17, P = 0.033). This
data indicates that HPM treatment exerts its anti-inflammatory effects through the inhibition of pro-inflammatory cytokine secretion, such as TNF-α and IL-12.

WJG|www.wjgnet.com

6824

December 14, 2012|Volume 18|Issue 46|

Wang XM et al . Moxibustion modulates intestinal flora

A1

E1

B1

P = 0.000
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Figure 5 Herb-partition moxibustion inhibits the secretion of the pro-inflammatory mediators tumor necrosis factor-α and interleukin-12 in the colon
tissue of rats with ulcerative colitis (× 400). A1, A2: Normal control; B1, B2: Ulcerative colitis (UC); C1, C2: Herb-partition moxibustion (HPM); D1, D2: Sulfasalazine (SA). A1-E1: Tumor necrosis factor-α (TNF-α) expression was significantly increased in the UC model group compared to the normal group (P = 0.000). After
treatment, TNF-α expression was significantly decreased in both the HPM group (P = 0.000) and SA group (P = 0.000) compared with the UC model group. There
was a difference in TNF-α expression between the HPM group and positive control SA group (P = 0.034); A2-E2: Interleukin-12 (IL-12) expression was significantly
increased in the model group compared to the normal group (P = 0.000). HPM treatment inhibits IL-12 expression because it was significantly decreased in both the
HPM group (P = 0.001) and positive control SA group (P = 0.012) compared with the model group. There was a difference in IL-12 expression between the HPM group
and SA group (P = 0.033). IOD: Integrated optical density per dye.
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than using antibiotic drugs[41]. Our previous studies in
humans have indicated that HPM treatment is safe and
has a therapeutic effect on UC patients[12-14]. To determine the mechanism of how HPM might control UC,
the aim of this study was to analyze whether HPM can
modulate the gut flora in a rat model of UC. The results
shown here demonstrate that HPM treatment does indeed alter the intestinal flora bacterial composition, as
Bifidobacteria and Lactobacilli increased significantly, while
E. coli and B. fragilis decreased remarkably in the stool of
HPM-treated UC rats as compared to the stool of UC
rats without treatment. Damage to the colonic mucosa
was also remarkably improved after HPM treatment of
UC rats, which indicated that the alteration of the gut
flora back towards normal rat flora correlated with increased recovery of gut pathology in the UC rats treated
with HPM. Therefore, HPM could modulate the alteration of gut flora in the UC rat model, recover intestinal
micro-ecological balance, and inhibit the development
and/or maintenance of gut pathology. The resultant
modulation of gut flora by HPM is similar to that of
probiotic supplements[29], and therefore deserves further
study as an alternative treatment for UC symptoms.
IL-12 and TNF-α are pre-inflammation factors and
play an important role in the pathology of intestinal
bowel disease (IBD). IL-12 from dendritic cells induces
the differentiation of CD4+ T cells to Th1 cells. IL-12
also stimulates natural killer cells and T cells to secrete
γ-interferon and TNF-α cytokines to mediate the inflammation. TNF-α cooperates with γ-interferon and
can change the function of the intestinal barrier; it can
also enhance the permeability of the mucous membrane
or induce apoptosis of bowel epithelial cells. This tissue
damage is the key process in the colonic inflammatory
response in UC[3,39] and is closely related to the pathogenesis of UC[4,5]. Studies have revealed that IL-12 protein and mRNA expression is increased and correlates
with the active index score of UC[5,6]. IL-12 and TNF-α
are significantly increased in the peripheral blood of patients with IBD[40-43]. These previous studies indicate the
relevance of IL-12 and TNF-α cytokines in the initiation
and maintenance of UC pathogenesis.
Previous studies showed that HPM could rectify
abnormal mucosal immune responses[43], regulate the expression of IL-1 and IL-1β[44,45], and improve intestinal
mucus damage by down-regulating the expression of
TGF-β1 and IGF-1 in the inflamed tissue of UC[46,47].
The results of the present study indicate that TNF-α
and IL-12 are expressed at low levels in the colonic mucosa and the submucosa of normal rats. However, in UC
rats, TNF-α and IL-12 were expressed at high levels that
correlated with the observed higher morphological and
histopathological scores. After HPM treatment, however,
the expression of TNF-α and IL-12 decreased and the
general morphological and histopathological scores were
lower than those of the UC group, indicating that HPM
treatment had an anti-inflammatory effect and improved
the UC-mediated pathology. These results further support the previous reports that suggest that HPM can

DISCUSSION
In normal physiological conditions, the overgrowth
of pathogenic microorganisms is kept in check by the
balance of gut flora species as well as the interaction
between microbes and the host’s immune system. These
mechanisms limit the pathogenic microorganisms from
sticking to the intestinal mucosa and act as a biological
barrier to the host[7,27,28]. Altered bacterial composition
and function of the gut flora in UC results in increased
immune stimulation, epithelial dysfunction, and enhanced mucosal permeability[7]. Moreover, this barrier
dysfunction leads to increased recognition of pathogens
and their metabolites by the immune system and cause
an abnormal intestinal immune response[7] that constantly stimulates intestinal epithelium cells, among other effects. This immune response leads to the production of
a large amount of cytokines, such as TNF-α, IL-12 and
IL-6, that further aggravate the local immune response
of the intestinal mucosa and cause continual damage of
the intestinal mucosa[29,30]. In recent years, studies have
widely focused on the relationship between intestinal
bacteria and UC. Changes in gut flora have been considered as key in the initiation and maintenance stages of
the inflammatory processes in UC[7,10,31-35]. There is evidence to support that UC patients undergo alterations in
intestinal flora: the amount of Enterobacter, Enterococcus,
and small-bowel Clostridium increased significantly, while
Bifidobacteria and Lactobacilli decreased significantly in
acute UC. In patients undergoing remission from UC,
bacteroid and Bifidobacteria were increased markedly and
small-bowel Clostridium was decreased significantly[36,37].
In some studies, bacteroids were significantly increased[38]
and Bifidobacteria and Lactobacilli in the gut were both decreased in acute and remission UC[39]. Other studies have
indicated that Bifidobacteria, Lactobacilli, and Fusobacterium
in the gut of UC patients decreased significantly, while
Bacteroides, E. coli, and Desulfovibrio increased remarkably[3-6]. The results of the present study showed that
Bifidobacteria and Lactobacilli decreased significantly, while
E. coli and B. fragilis significantly increased by testing the
bacterial DNA copy numbers in the stool of UC rats as
compared to normal rats. These results indicate that gut
flora alterations also occur in the rat model of UC used
in these studies and provide further evidence that alterations in gut flora play an important role in the pathogenesis of UC.
In recent years, modulation of gut flora has been
suggested as an approach to treat UC. The balance between beneficial and detrimental bacterial species determines homeostasis vs inflammation. This balance can be
manipulated by antibiotics, probiotics, and prebiotics to
treat and prevent relapses of UC[40]. Additionally, alternative treatments or complementary therapy, such as the
use of probiotics, have been considered good candidates
for treatment of UC because there are less problems
with resistance, it means less risk for the development of
bacterial resistance to antibiotic treatment, and there are
less potential side effects and fewer ecological concerns
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improve the inflammatory response induced by UC, and
that the mechanism may be regulation of the expression
of inflammatory cytokines IL-6, IL-1β, TNF-α, and
IL-12 in the colon mucosa of UC rats.
Additionally, the intestinal flora and their products
have been found to trigger cytokine expression, such as
inducing TNF-α in macrophage and epithelial cell systems of inflammatory bowel disease[48]. In addition to restoring beneficial intestinal flora, probiotics may enhance
host protective immunity such as down-regulation of
pro-inflammatory cytokines, IL-12 and TNF-α in colitis[49,50]. Rifaximin administration decreased the protein
and mRNA levels of IL-12 and TNF-α, and caused a
significant reduction of colon bacterial translocation towards mesenteric lymph nodes, in colon of 2, 4, 6-trinitrobenzene sulfonic acid-induced colitis in mice[51]. The
results of this study showed that HPM can modulate
intestinal flora towards a more normal flora and inhibit
the expression of TNF-α and IL-12 in UC rats. These
indicate that there may be a relationship between the release of IL-12 /TNF-α and the modulation of bacterial
flora.
In conclusion, we suggest that HPM can modulate
intestinal flora towards a more normal flora and inhibit
the expression of the pro-inflammatory mediators
TNF-α and IL-12 in UC rats. Therefore, whether HPM
can improve the intestinal inflammation response of UC
by modulating intestinal flora deserves further study as a
treatment for patients suffering with UC.
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CONCLUSION: Each minimally invasive approach
though was found to be safe and feasible in multiple
reports. With these new techniques, treatment of infected pancreatic necrosis remains a challenge. We
advocate a multidisciplinary approach to this complex
problem with treatment individualized to each patient.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To systematically review these minimally invasive
approaches to infected pancreatic necrosis.

Peer reviewer: Edward L Bradley Ⅲ, MD, Professor of Sur-

gery, Department of Clinical Science, Florida State University
College of Medicine, 1600 Baywood Way, Sarasota, FL 34231,
United States

METHODS: We used the MEDLINE database to investigate studies between 1996 and 2010 with greater
than 10 patients that examined these techniques. Using a combination of Boolean operators, reports were
retrieved addressing percutaneous therapy (341 studies), endoscopic necrosectomy (574 studies), laparoscopic necrosectomy via a transperitoneal approach
(148 studies), and retroperitoneal necrosectomy (194
studies). Only cohorts with at least 10 or more patients
were included. Non-English papers, letters, animal
studies, duplicate series and reviews without original
data were excluded, leaving a total of 27 studies for
analysis.

Bello B, Matthews JB. Minimally invasive treatment of pancreatic necrosis. World J Gastroenterol 2012; 18(46): 6829-6835
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i46/6829.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i46.6829

INTRODUCTION
Most cases of acute pancreatitis are self-limited and
resolve without serious complications. However, severe
acute pancreatitis is associated with the development
of potentially life-threatening complications including
pancreatic necrosis and pancreatic abscess. The 1992
international consensus conference held in Atlanta established uniform terminology for acute pancreatitis and
its complications. According to the Atlanta Classification, pancreatic necrosis refers to diffuse or focal areas
of nonviable pancreatic parenchyma, typically associated
with peripancreatic fat necrosis, whereas pancreatic abscess is defined as a circumscribed intra-abdominal col-

RESULTS: Twenty-seven studies with 947 patients
total were examined (eight studies on percutaneous
approach; ten studies on endoscopic necrosectomy;
two studies on laparoscopic necrosectomy via a transperitoneal approach; five studies on retroperitoneal
necrosectomy; and two studies on a combined percutaneous-retroperitoneal approach). Success rate, complications, mortality, and number of procedures were
outcomes that were included in the review. We found
that most published reports were retrospective in na-
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lection of pus, usually in proximity to the pancreas arising as a consequence of acute pancreatitis or pancreatic
trauma[1]. Treatment for pancreatic necrosis has evolved
considerably over the past decade with respect to both
the timing of intervention and the development of alternatives to traditional open necrosectomy.
Pancreatic necrosis may be sterile or infected. The
prognosis (with or without intervention) is much worse
for infected than sterile necrosis. Historically, early surgical intervention was considered mandatory for cases
of suspected infection. The 2002 International Acute
Pancreatitis (IAP) guidelines recommended early fineneedle aspiration to discriminate between sterile and infected pancreatic necrosis, with continued non-operative
management for stable or improving patients with sterile
necrosis but surgical intervention for those with documented infection[2]. The traditional surgical approach to
infected necrosis was open necrosectomy with the goals
of wide drainage of all infected compartments and complete removal of all necrotic tissue with the placement
of drains for continuous postoperative closed lavage.
Frequently, repeat laparotomy was needed to ensure
complete debridement[2]. Historically, open necrosectomy was associated with substantial morbidity and rates
of perioperative mortality that exceeded 50% in some
reports[3,4], although mortality in some contemporary series has been 11% or lower[5,6].
Because various studies showed high mortality with
early operation for severe necrotizing pancreatitis, the
IAP recommended avoidance of surgical intervention
within the first 14 d after onset unless there was progressive multiple organ failure and clinical deterioration. Subsequent studies suggested that morbidity and
mortality can be further reduced if operation is delayed
beyond 28-30 d [7], presumably because the extended
interval allows sufficient demarcation between normal
and necrotic tissue, thereby reducing the risk of inciting
overwhelming postoperative septic and systemic inflammatory responses, as well as the risk of intraoperative
injury to surrounding organs and hemorrhage.
In addition to the open approach for pancreatic necrosis and abscess, the last two decades have brought
about alternative “minimally-invasive” techniques. Percutaneous drainage of infected pancreatic necrosis has
been shown to be safe and effective in highly-selected
patients[8,9], but multiple procedures are often needed,
and adjunctive treatment is often required.
Gagner[10] first described minimally invasive surgical
treatment of necrotizing pancreatitis in 1996, including
laparoscopic retrocolic, retroperitoneoscopic, and transgastric procedures. Over the past 15 years, a number
of other minimally invasive surgical, endoscopic, and
radiological approaches to drain and debride pancreatic
necrosis have been described. These alternatives appear
to be feasible and safe, although comparisons among
approaches have been difficult due to small numbers,
lack of uniform reporting criteria, and varying degrees
of operator dependence. The advent of some of these
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alternatives has led to reconsideration of some of the
fundamental tenets of open surgical necrosectomy, particularly with respect to the timing and completeness
of debridement. In this report, we review current techniques of minimally invasive pancreatic necrosectomy.

MATERIALS AND METHODS
A literature search was performed of the MEDLINE
database from April 1996 to November 2010 for each
of four techniques well described for minimally invasive
necrosectomy: percutaneous therapy (341 studies), endoscopic necrosectomy (574 studies), laparoscopic necrosectomy via a transperitoneal approach (148 studies), and
retroperitoneal necrosectomy (194 studies). Only cohorts
with at least 10 or more patients were included. NonEnglish papers, letters, animal studies, duplicate series
and reviews without original data were also excluded.
For percutaneous drainage, a search was conducted
using subject headings: “percutaneous”, “drainage”,
“pancreatic necrosis”, and “necrotizing pancreatitis”
with the aid of Boolean operators. There were 341 initial hits in MEDLINE. After exclusion using the abovementioned criteria, eight studies were included in this
review.
For endoscopic necrosectomy, a search was conducted using subject headings: “endoscopic”, “endotherapy”,
“drainage”, “pancreatic necrosis”, and “necrotizing pancreatitis” with the aid of Boolean operators. There were
574 initial hits in MEDLINE. After exclusion using the
above-mentioned criteria, ten studies were included in
this review.
For laparoscopic necrosectomy via a transperitoneal
approach, a search was conducted using subject headings: “laparoscopic”, “minimally invasive”, “necrosectomy”, “pancreatic necrosis”, and “necrotizing pancreatitis” with the aid of Boolean operators. There were
148 initial hits in MEDLINE. After exclusion using the
above-mentioned criteria, two studies were included in
this review.
For retroperitoneal necrosectomy, a search was conducting using subject headings: “laparoscopic”, “minimally invasive”, “retroperitoneal”, “necrosectomy”,
“pancreatic necrosis” and “necrotizing pancreatitis” with
the aid of Boolean operators. There were 194 initial hits
in MEDLINE. After exclusion using the above-mentioned criteria, five studies were included in this review.

RESULTS
Percutaneous therapy
The results of the literature search for percutaneous
therapy for pancreatic necrosis are summarized in Table
1. Technique was similar throughout the studies, access
to the area of necrosis was obtained utilizing ultrasound
and/or computed tomography to place percutaneous
drains ranging in size from 10 to 28 French drains. Afterward, saline flushes were often used every 8 h.
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Table 1 Percutaneous drainage, endoscopic, laparoscopic and retroperitoneal necrosectomy and combined approach
n

Study

Percutaneous drainage
Freeny et al[8]
Van Santvoort et al[11]
Rocha et al[12]
Mortelé et al[13]
Bruennler et al[14]
Lee et al[15]
Baril et al[16]
Gambiez et al[17]
Endoscopic necrosectomy
Seifert et al[18]
Coelho et al[19]
Escourrou et al[20]
Lopes et al[21]
Voermans et al[22]
Papachristou et al[23]
Hookey et al[24]
Charnley et al[25]
Seewald et al[26]
Baron et al[27]
Laparoscopic necrosectomy
Parekh[28]
Zhu et al[29]
Retroperitoneal necrosectomy
Gambiez et al[17]
Raraty et al[30]
Chang et al[31]
Castellanos et al[32]
Carter et al[33]
Combined approach
Van Sanvoort et al[11]
Horvath et al[34]

Complications

(%)

Median
follow-up,
mo (range)

(%)

Overall
mortality
(%)

4 (1-12)
1-2
NA
3 (1-7)
2 (1-9)
NA
2.4 (2-4)
NA

16 (47)
15 (35)
5 (18)
17 (49)
42 (53)
14 (78)
30 (79)
3 (30)

NA
6
NA
NA
NA
7.3
NA
NA

24 (71)
17 (40)
3 (11)
4 (11)
23 (29)
2 (11)
1 (3)
6 (60)

4 (12)
8 (19)
8 (29)
6 (17)
27 (34)
1 (6)
2 (5)
2 (20)

41 d (4-158 d)
5 wk (4-10 wk)
27.5 d (23-32 d)
NA
84 d (21-385 d)
49 d (20-300 d)
23 d (10-45 d)
24 d (3-180 d)
NA
NA

6.2 (1-35)
4 (2-8)
1.8 (1-3)
NA
NA
3 (1-12)
2 (1-2)
4 (1-10)
NA
2 (1-6)

63 (68)
49 (87)
13 (100)
24 (94)
23 (95)
41 (77)
10 (59)
11 (85)
9 (69)
31 (72)

43
21
19.5
9
16
5.7
NA
16
8.3
25

24 (26)
11 (20)
6 (46)
2 (7.7)
10 (40)
26 (49)
2 (12)
0 (0)
3 (5.6)
16 (37)

13 (19)
2 (3.5)
0 (0)
0 (0)
0 (0)
3 (6)
NA
2 (15)
0 (0)
NA

19
10

65 d (22-154 d)
1-3 wk (NA)

1 (1-3)
NA

14 (74)
9 (90)

NA
NA

11 (58)
NA

2 (10.5)
1 (10)

20
137
19
11
10

18 d (NA)
32 d (1-181 d)
35 d (14-56 d)
13 d (1-28 d)
24 d (13-187 d)

5 (1-9)
3 (1-9)
NA
5 (3-10)
3 (1-6)

17 (85)
120 (86)
17 (89.5)
11 (100)
8 (80)

NA
NA
NA
2-60
NA

6 (30)
75 (55)
4 (21)
0 (0)
5 (50)

2 (10)
26 (19)
3 (15.8)
0 (0)
2 (20)

1-7
1 (1-2)

41 (95)
24 (60)

3-6
6

17 (40)
29 (72.5)

Median delay to
drainage,
d (range)

Median procedures
per patient
(range)

Success

34
43
28
35
80
18
38
10

9 d (1-48 d)
NA
NA
11 d (2-33 d)
3.5 d (1-40 d)
NA
NA
17 d (10-25 d)

93
56
13
26
25
53
17
13
13
43

43
40

4 wk
4 wk

8 (19)
2 (5)

NA: Not available.

Eight studies included 286 patients ranging from 10
to 80 patients. There were six retrospective case series,
one prospective case series[15], and one randomized control trial[11]. In the randomized control trial, percutaneous drainage was used as part of the minimally invasive
“step-up” approach, in which a retroperitoneal necrosectomy was necessary in 65% of patients. This technique
is further described later in the Results section under
“combined approach”.
One hundred and twenty seven of 286 (44%) patients had successful percutaneous therapy and did not
subsequently require surgical necrosectomy. Mortality
was reported in 58 of 286 patients (20.2%). Complications were reported in 80 of 286 patients (28%) and
included multiple organ failure [8,11], colonic perforation [16], intrabdominal bleeding [8,11-13], gastrointestinal
fistula[8,11,12,14,15], biliary obstruction[8], respiratory failure[8],
renal failure[8], pancreatic fistula[11,14], new-onset diabetes[17], pseudocyst[17], and use of pancreatic enzymes[11].

tients ranging from 13 to 93 patients.
Two hundred and seventy four of 352 (78%) patients
had successful endoscopic necrosectomy therapy and did
not subsequently require surgical necrosectomy. Mortality was reported in 20 of 352 patients (5.6%). Complications were reported in 100 of 352 patients (28%) and
included bleeding, fever[20,23,24], gallbladder puncture[23],
hypotension [23] , deep-vein thrombosis/ pulmonary
embolism[23], peritonitis[23], Clostridium difficile colitis [23],
perforation of necrosis into abdominal cavity[18,22], pneumoperitoneum[21,24,27], migration of stent into cyst[21,23],
post-endoscopic retrograde cholangiopancreatography
pancreatitis[24], fistula[18,23], bowel obstruction[23], and air
embolism[18]. Median follow up was reported as 5.7 mo
to 43 mo.
The specific technique varied among the reports.
Usually, a therapeutic or pediatric gastroscope or a videoduodenoscope was used. Endoscopic ultrasound was
used often to locate the necroma cavity and guide initial
access. Transmural drainage was then usually performed
followed by dilation and irrigation of the debris. This
was accomplished most often via the stomach, although
the duodenum was used in approximately 10%-50% of
these patients. The size of the endoscopic cystgastros-

Endoscopic necrosectomy
The results of the literature search for endoscopic necrosectomy for pancreatic necrosis are summarized in
Table 1. Ten studies, all retrospective, included 352 pa-
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bleeding[17,30,33], pseudocyst[17,30,33], pancreatic fistula[17],
incisional hernia[17], myocardial infarct[30], cerebrovascular event[30], biliary stricture[30], pulmonary embolus[30],
colonic necrosis[30], hepatic portal/superior mesenteric/
splenic vein thrombosis[30], Clostridium difficile infection[30],
residual abscess[31], pneumonia[31], respiratory and liver
failure[33], and gastric ileus[33].
Technique varied among the five studies. Gambiez
et al [17] described using a short lumbotomy (6 cm in
length) centered on the 12th rib. The spleen and descending colon (or ascending colon if on right side) were
mobilized anteriorly and pancreas was accessed without
violating the peritoneum. A 23 cm mediastinoscope was
used for direct vision. Necrotic areas were removed with
blunt dissection using a suction metal tube. A tube drain
was left to facilitate later drainage. Similarly, Castellanos
et al[32] described a left translumbar approach. However,
the group used a flexible endoscope for access followed
by flushing and aspiration under direct guidance.
Chang et al[31] described using a 5 cm skin incision
below the costal margin, followed by blunt dissection. A
Yankauer sucker was then used for probing the abscess
cavity and/or removing necrotic discharge.
Raraty et al[30] described first placing a 12F pigtail
catheter under CT-guidance. After moving the patient
to the operating room, the catheter was exchanged over
a guide wire with serial dilators to 30F size. A nephroscope was then used for access, and a metal forceps
used for piecemeal removal. Two drains were placed for
irrigations. Carter et al[33] used a similar technique with
the nephroscope but also used a flexible endoscope for
direct access.

tomy was typically 1.5 cm to 2.0 cm. Endoscopic biopsy
forceps and baskets was used to remove solid debris into
the stomach, allowing it to be eliminated by digestion
and peristalsis. Multiple pigtail stents were left in place to
maintain cystgastrostomy patency, and often a nasocystic
tube was left in place for post-procedure irrigation. On
average, 3.2 endoscopic debridement procedures were
necessary to achieve resolution of necrosis.
Laparoscopic necrosectomy
The results of the literature search for laparoscopic necrosectomy for pancreatic necrosis are summarized in
Table 1. Two studies included 29 patients ranging from
10 to 19 patients[28,29]. Each was a retrospective study.
Twenty-three of 29 (79%) patients had successful
laparoscopic necrosectomy therapy and did not subsequently require open necrosectomy. Mortality was reported in 3 of 29 patients (10.3%). Complications were
reported in only the study by Parekh[28] and included
Clostridium difficile infection, reintubation, central line infection, delirium tremens, pseudomonas pneumonia, and
minor wound complications. The study also notes 11
patients were diagnosed with a pancreatic fistula. Thus
the complication rate was calculated as 11 of 19 patients
(58%). Zhu et al[29] did not report complications of the
procedure, only mortality. Median follow up was not
available for either study.
Parekh[28] described using three ports for access: a hand
access device and two standard laparoscopic ports. Access to the retroperitoneum was obtained either through
an infracolic approach or through the greater omentum
between the stomach and colon. Gentle finger dissection
was used for debridement and several drains were left for
postoperative drainage. Four patients that were referred
to the service were not considered for a laparoscopic approach because two patients had ileus and anasarca, and
two patients had gastrointestinal perforations from prior
interventions at other hospitals.
Zhu et al[29] described using at least four standard
ports, and going through the gastrocolic ligament to approach the pancreas. A fan retractor was used to elevate
the stomach for exposure. Four to six drainage tubes
were used for postoperative lavage. Selection criteria were
not described.

Combined approach
Based on anecdotal success of percutaneous radiological
and endoscopic necrosectomy used as primary therapy
with avoidance of open necrosectomy, an increasing
number of reports have utilized combinations of nonsurgical approaches to treat pancreatic necrosis. A prospective randomized multicenter trial called the Minimally
Invasive Step Up Approach Versus Maximal Necrosectomy in Patients with Acute Necrotising Pancreatitis
(PANTER) was recently performed in the Netherlands[11].
After the diagnosis of necrotizing pancreatitis or infected
pancreatic necrosis was made, patients were randomly assigned to either a “step-up” approach or open necrosectomy. The step-up approach consisted of percutaneous
drainage or endoscopic drainage, followed by a minimally
invasive retroperitoneal necrosectomy if necessary. A
video-assisted retroperitoneal debridement (VARD) with
postoperative lavage was then performed three days after
if there was no clinical improvement. Major complications or death occurred in 31 of 45 patients after open
necrosectomy (69%) vs 17 of 43 patients after the stepup approach (40%) (risk ratio with the step-up approach,
0.57; 95% CI, 0.38 to 0.87; P = 0.006). About 35% of
patients in the step up group were successfully able to be
managed with percutaneous drainage only[11].

Retroperitoneal necrosectomy
The results of the literature search for endoscopic necrosectomy for pancreatic necrosis are summarized in
Table 1.
Five studies included 197 patients ranging from 10
to 137 patients[17,30-33]. There were three retrospective
studies[17,30,31] and two prospective case series[32,33]. 173
of 197 (88%) patients had successful retroperitoneal
necrosectomy therapy and did not subsequently require
open necrosectomy. Mortality was reported in 33 of 197
patients (17%). Complications were reported in 90 of
197 patients (46%) and included colonic fistula[17], gastric
perforation[31], duodenal perforation[31, enteric fistula[30],
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accessible via a transgastric or transduodenal approach.
Like percutaneous drainage alone, often repeat procedures are needed.
Laparoscopic necrosectomy may provide better access to fluid collections not amenable to endoscopic approach. This may facilitate a more thorough debridement
of the cavity. The laparoscopic approach has also been
demonstrated to be safe in several small case series. In
the two studies reported 23 of 29 (79%) patients did not
require an open necrosectomy. As previously discussed,
these are highly selected patients: these were likely stable
patients that were able to tolerate pneumoperitoneum.
Morbidity still exists in this approach including enterocutaneous and pancreatic fistulas.
Similar to the laparoscopic approach, retroperitoneal
necrosectomy has been shown to be effective in select
patients: 173 of 197 (88%) patients did not need an
open necrosectomy. The approach has the theoretical
advantage of not having transmission of intraperitoneal
infection from the necrotic area compared to laparoscopy. This technique allows access to areas not accessible
via endoscopy and the potential to remove all necrotic
tissue from the area.
Because of their relatively rare presentation, reports
on these minimally invasive approaches to pancreatic
necrosis and abscess have mostly small numbers of patients and are mostly retrospective in nature. Selection
and publication bias is inherent in these studies and the
low morbidity and mortality demonstrated in these studies have to be interpreted as such. There is also a significant amount of heterogeneity and variety of technique
within each type of different approach.
In addition, several studies utilize a combined technique using percutaneous drainage first followed by endoscopic, laparoscopic, or retroperitoneal necrosectomy.
Percutaneous drainage likely temporizes the patient in
early phases of infected necrosis.
In the future, we look for more prospective studies
that use definitions as laid out clearly by the Atlanta classification. Several of the above studies do not strictly
adhere to those classifications. Furthermore, complications, specifically major ones including pancreatic or
enteric fistula and major hemorrhage should separately
be reported. Additionally, some studies do not report
the amount of days from presentation to time of necrosectomy. It is well-accepted now that a delay of 28 d
between onset of symptoms and intervention can potentially lower morbidity and mortality[7].
Up until recently, there has been no comparison of
results between open necrosectomy and these minimally
invasive techniques. The only randomized control trial to
date comparing a minimally invasive approach versus an
open approach is the PANTER trial recently published.
The minimally invasive approach is actually a “step-up”
approach in which the first step is either a percutaneous
or endoscopic transgastric approach. A VARD procedure was then performed if those approaches were
unsuccessful or if the patient did not clinically improve
in 72 h. The step-up approach reduced the rate of the

Similar to the PANTER Trial, there is also a recent,
prospective multicenter, single-arm study based out of
the University of Washington. Percutaneous drainage
was used as initial treatment for infected pancreatic necrosis. If there was a 75% reduction in size based on follow-up scan 10 d later, the remainder of their treatment
would be percutaneous drains alone. If patients did not
have a 75% reduction they were treated with a VARD.
Twenty-three percent of patients were treated with percutaneous drains only. Sixty percent of patients were
treated with a “minimally invasive intervention” (drains
with or without VARD). Mortality at 30 d was 2.5%.
The results of these two studies are summarized in
Table 1.

DISCUSSION
Infected pancreatic necrosis and pancreatic abscess
are serious complications of severe acute pancreatitis.
However, the last two decades have demonstrated much
innovation and variety in minimally invasive techniques.
These new techniques can potentially lower the significant morbidity and mortality of these complications.
The less invasive approach can potentially keep an infection compartmentalized, specifically avoiding contamination of virgin spaces, such as the peritoneal cavity. It
may reduce systemic inflammatory and septic response
as a consequence of a major open operation and release
of infected necrosis.
The percutaneous approach to infected pancreatic
necrosis has been shown to be safe and feasible in multiple retrospective case series. It is significant to note,
44% of patients in the studies reviewed did not need
surgical therapy. Conclusions are limited, however, since
the studies are retrospective and small. We limited our
review to include only studies that examined 10 or greater patients. Selection criteria was also not often reported
and thus, it may be difficult to predict which subset of
patients would most benefit from percutaneous drainage
alone. In addition, repeat procedures were often needed,
ranging from 1 to 12 procedures in the above-mentioned
studies. What has become increasingly popular is the
combination of percutaneous technique combined with
a VARD as mentioned in the PANTER trial and the
Horvath study[11,34]. These studies not only confirmed
that there is a subgroup of patients that can benefit from
percutaneous drainage alone but also examined a combined technique in a prospective fashion with a relatively
larger amount of patients.
The endoscopic approach to necrosectomy has also
been shown to be safe and feasible with an acceptable
procedure-related morbidity. The endoscopic ultrasound
has allowed this approach to evolve allowing a better
definition of the fluid collection and surrounding vasculature. The approach can also be used in poor risk surgical candidates. However, this technique though is not
available at all institutions and often there is a need for
repeated procedures for maximal drainage. Furthermore,
not all pancreatic abscesses and pancreatic necrosis are
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composite end point of major complications or death.
In addition, the step-up approach yielded less incisional
hernias and new-onset diabetes. The authors hypothesize
that in open necrosectomy, there is potentially viable
pancreatic parenchyma that is unintentionally debrided
leading to diabetes as a late complication. This is potentially the reason why other minimally invasive techniques
have shown good outcomes.
It is important to note, that the PANTER trial is not
a direct comparison between open necrosectomy and
minimally invasive necrosectomy, rather a comparison
between treatment strategies. Perhaps this is a better
model moving forward in contrast to doing direct comparisons between open necrosectomies or among the
different types of minimally invasive approaches. It is
likely that these pancreatic fluid collections are amenable
to multiple approaches.
Complications of severe acute pancreatitis remain
a complex problem to treat. We advocate a multidisciplinary approach with interventional radiologists, gastroenterologists, intensivists, and hepatobiliary surgeons
at tertiary care centers. Since comparison data is limited,
the minimally invasive approach should be based on
location of lesion and individual patient presentation.
Challenges moving forward will be learning curves,
technology improvements, and product cycles of new
techniques. This report provides a brief overview of the
evolving minimally invasive approaches as alternatives to
open necrosectomy.
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Dynamic magnetic resonance defecography in 10
asymptomatic volunteers
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Philipp Wiggermann, Stephan Schleder, Christian Stroszczynski, Patrick Hoffstetter
sured as the vertical distance to this reference line.
Data were recorded in the resting position as well as
during the defecation process with maximal straining.
Examinations were performed and evaluated by two
experienced abdominal radiologists without knowledge
of patient history.
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RESULTS: Average position of the anorectal junction
was located at -5.3 mm at rest and -29.9 mm during
straining. The anorectal angle widened significantly
from 93° at rest to 109° during defecation. A rectocele
was diagnosed in eight out of 10 volunteers showing
an average diameter of 25.9 mm. The bladder base
was located at a position of +23 mm at rest and descended to -8.1 mm during defecation in relation to
the PCGL. The bladder base moved below the PCGL in
six out of 10 volunteers, which was formally defined as
a cystocele. The uterocervical junction was located at
an average level of +43.1 mm at rest and at +7.9 mm
during straining. The uterocervical junction of three
volunteers fell below the PCGL; described formally as
uterocervical prolapse.

Abstract

CONCLUSION: Based on the range of standard values
in asymptomatic volunteers, MR defecography values
for pathological changes have to be re-evaluated.

AIM: Evaluation of the wide range of normal findings
in asymptomatic women undergoing dynamic magnetic
resonance (MR) defecography.

© 2012 Baishideng. All rights reserved.

METHODS: MR defecography of 10 healthy female
volunteers (median age: 31 years) without previous
pregnancies or history of surgery were evaluated. The
rectum was filled with 180 mL gadolinium ultrasound
gel mixture. MR defecography was performed in the
supine position. The pelvic floor was visualized with a
dynamic T2-weighted sagittal plane where all relevant
pelvic floor organs were acquired during defecation.
The volunteers were instructed to relax and then to
perform straining maneuvers to empty the rectum. The
pubococcygeal line (PCGL) was used as the line of reference. The movement of pelvic floor organs was mea-
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ings and values were defined in small control groups and
therefore were only applicable within the particular study
setting.
The aim of the present study was to show the wide
range of normal findings in asymptomatic female volunteers and therefore the necessity of obtaining common
standards not only in terms of patient preparation, but
also in the evaluation of numeric values for the definition of pathological and normal dynamic MR examinations of the pelvic floor.

P. Dynamic magnetic resonance defecography in 10 asymptomatic volunteers. World J Gastroenterol 2012; 18(46): 6836-6842
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i46/6836.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
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INTRODUCTION
As a result of the complex anatomy and synergism of
pelvic organs and their muscular structures, there is a
wide variety of static and functional disorders. Outlet
obstruction, anism, dyskinesia of the puborectal muscle,
intussusception, prolapse of the anus and rectum, vaginal prolapse, rectocele, cystocele, and enterocele represent common diagnoses in proctology, urology and gynecology. Besides constipation, fecal or urinary incontinence is the most common symptom, with serious problems for the patients that have a major negative impact
on quality of life. Women are affected at a significantly
higher rate with a ratio of 9:1[1]. Patients usually attend
gynecologists, urologists and proctologists. Therefore, a
comprehensive interdisciplinary approach for diagnosis
and therapy is the most promising strategy.
A systematic medical history as well as a thorough
proctological examination (inspection, palpation, rectoscopy, and proctoscopy) along with manometry and
endosonography is the basic diagnostic approach for
complex pelvic floor disorders. Furthermore, radiological imaging with evacuation proctography can give important additional information[2].
With the development of magnetic resonance imaging (MRI) technology, dynamic MRI of the pelvic floor
has become an important alternative for the diagnosis
of complex combined pelvic floor disorders. Since its
first introduction by Yang et al[3] and Kruyt et al[4] in 1991,
MRI has increasingly replaced evacuation proctography,
which was first described in 1952 by Walldén[5], for evaluation of outlet obstruction.
For the evaluation of extraluminal pelvic disorders
such as enterocele or utero-vaginal prolapse, MRI of
the pelvic floor is favorable in several aspects compared
to clinical examination and conventional evacuation
proctography, which does not depict extraluminal structures[3,4,6-10]. Additionally, MRI examination can be repeated because of the total lack of ionizing radiation. This
may increase the chances of detecting pathological findings in some patients[9]. The horizontal position of the
patient during MR defecography may be a disadvantage,
because it could influence the pelvic floor physiology as
well as the dynamic defecation process. Therefore, some
authors consider that videoproctography is still superior
to MRI for assessment of an enterocele or rectocele[11,12].
So far, patient preparation, examination technique, as
well as reference lines for the evaluation of MRI are still
not standardized and findings differ widely in the current
literature. Most of the previously performed studies did
not examine the defecation process itself. Normal find-
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MATERIALS AND METHODS
Volunteers
Ten healthy female volunteers (median age: 31 years,
range: 22-40 years) without previous pregnancy or history of any gynecological, urological or proctological
surgery were evaluated by dynamic pelvic MRI. The
volunteers had no symptoms of incontinence, constipation or other stool evacuation problems. None of the
volunteers had any contraindications for MRI. Informed
consent was obtained from all volunteers. We applied a
uniform admission questionnaire for standardized documentation of patient history. The study was approved by
the local ethics committee.
Dynamic MRI of the pelvic floor
All healthy volunteers were asked to empty their bladder 3 h before the examination to achieve a medium
filling of the urinary bladder during MRI. The rectum
was filled with 180 mL ultrasound gel mixture (1% GdDTPA-GEL-Mixture). MRI (1.5 Tesla MRI, Magnetom
Symphony; Siemens, Erlangen, Germany) was performed in the supine position with hips and knees bent
at 45°. The pelvic floor was visualized in three planes
(transversal, coronal, sagittal, T1 and T2) to find the appropriate sagittal plane in which all relevant pelvic floor
organs were acquired during defecation over 55 s at a
frequency of one shot per 1.1 s [True FISP (True Fast
Imaging with Steady State Precession), TR: 5.8 ms, TE:
2.8 ms). Slice thickness was 7 mm (field of view: 270
mm × 270 mm, matrix 256 × 256). During the examination, healthy volunteers were instructed via headphones.
They first were asked to relax and then to perform
straining maneuvers to empty the rectum as completely
as possible. The sequences were acquired digitally and
analyzed cinematographically.
MRI evaluation
The pubococcygeal line (PCGL) was defined as the line
of reference (Figure 1). Movement of pelvic floor organs was measured as the vertical distance with reference
to this line. The location of structures above the PCGL
were marked with positive values (+), structures located
below this line were marked negative (-).
Data were recorded in the resting position as well as
during the defecation process with maximal straining. All
data represents mean values with corresponding SD.
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Pubococcygeal
line

Cystocele
Rectocele

Figure 1 The pubococcygeal line (black) according to Yang et al[3] from
the most inferior part of the pubic symphysis to the last coccygeal joint;
furthermore, gray dots show (from left to right) bladder base, uterocervical junction, and anorectal junction.

Figure 2 Dynamic magnetic resonance imaging of a 36-year-old healthy
female volunteer. At the end of defection, a rectocele, cystocele and uterovaginal prolapse were visualized.

Table 1 Results of magnetic resonance defecography of 10
healthy asymptomatic volunteers

The anorectal junction was defined as the intersection point of the central axis of the anal canal and a line
along the posterior rectal wall. The anorectal angle was
measured between these two lines[3,7,9].
According to the current literature, based on different evaluation techniques, a rectocele is defined as a
bulge of the anterior rectal wall of > 20-30 mm[11,13]. For
our data analysis we applied the method described by
Delemarre, who defined the distance from the anorectal
junction to the tip of the protrusion of the anterior rectal wall as the correct measurement[11].
MRI revealed data about the position of the bladder base, the uterocervical junction and the vagina. Additionally the location of small bowel in relation to the
PCGL was assessed.
A cystocele and a uterovaginal prolapse were diagnosed if the bladder base or the uterocervical junction
fell below the PCGL during defecation[9,10]. Widening of
the rectovaginal space or a descent of mesenteric parts,
small bowel or sigmoid colon beyond the PCGL during
defecation was defined as an enterocele[8,10].
All examinations were performed and evaluated in
consensus by two experienced board-certified abdominal
radiologists without any knowledge of the volunteers
history or age.

Anatomic structure
Annorectal junction (mm)
Anorectal angle (°)
Bladder base (mm)
Uterovaginal junction (mm)

Rest

Straining

Relative
movement

-5.3 (± 9.9)
93. 0 (± 4.8)
23.0 (± 4.6)
43.1 (± 7.8)

-29.9 (± 10.3)
108.7 (± 14. 7)
-8.1 (± 11.1)
7.9 (± 16.5)

-24.6
15.7
-14.9
-35.2

A positive value represents the lowest position of the pelvic structure
above the pubococcygeal line, a negative value marks structures located
below the pubococcygeal line. The values represent the median measured
distance in millimeters; the numbers in brackets represent the range.

of +23 mm (± 4.6 mm) at rest and descended to -8.1
mm (± 11.1 mm) during defecation. The bladder base
moved below the PCGL in six of 10 healthy volunteers
during maximal straining, which is defined as a cystocele
(Figure 2).
The uterocervical junction or vaginal vault was located at an average level of +43.1 mm (± 7.8 mm)
at rest and at +7.9 mm (± 16.5 mm) during maximal
straining. The uterocervical junction of three volunteers
descended below the PCGL at maximal straining during
defecation, described as uterocervical prolapse according to the common definition in the literature (Figure 2).
No enterocele or other additional pathological findings
were detected in any volunteers. Table 1 shows an overview of all results and findings of the dynamic MRI
examinations.

RESULTS
All 10 volunteers were able to hold the rectal enema and
perform defecation within the MR scanner according to
the examination protocol. The average position of the
anorectal junction was located at -5.3 mm (± 9.9 mm)
at rest and descended to -29.9 mm (± 10.3 mm) during
maximal straining. The average anorectal angle widened
significantly from 93° (± 4.8°) at rest to 108.7° (± 14.7°)
at maximal straining during defecation. A rectocele based
on the current definition of an anterior bulging of the
anterior rectum wall of at least 20 mm was diagnosed in
eight of 10 volunteers, showing an average size of 26 mm
(± 6 mm).
The bladder base was located at an average position
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uterovaginal
prolapse

DISCUSSION
Dynamic MRI of the pelvic floor, also known as MR
defecography, is increasingly used for the diagnosis of
complex pelvic floor disorders and replaces conventional
videoproctography. Different medical specialties such as
radiology, urology, gynecology and surgery are involved
in the interpretation and evaluation of findings and
therefore need an accepted definition of normal values
and clinical practical reference lines for image assessment.
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Back in 1991, Kruyt et al[4] were the first authors using
MRI to study functional aspects of the anorectal region.
In their study, the anatomy of the anorectum and the
anorectal angle was examined in 10 healthy volunteers
placed in the prone position within the MRI scanner.
The symphysiosacral line reaching from the most superior part of the pubic symphysis to the lower part of the
sacrum, was taken as the reference line to evaluate the
mobility of the pelvic organs. Dynamics were measured
during contraction and relaxation of the pelvic floor and
during straining. In this study, the defecation process
itself was not visualized because no contrast medium or
enema was applied to the rectum.
Also in 1991, Yang et al[3] introduced dynamic MRI
as a new method for the diagnosis of the descending
perineum in women. They compared 26 patients with
16 asymptomatic women in the supine position. Values
were documented with various degrees of straining
maneuvers. Again, defecation itself was not because the
rectum was not filled with contrast medium. The PCGL
was taken as the reference line to evaluate the degree of
descent of the pelvic structures.
Another study comparing clinical examination, videoproctography and dynamic MRI in the diagnosis of
anterior rectoceles was published by Delemarre et al[11].
In this study patients were examined in the prone position without any rectal enema, which again made evaluation of the defecation process itself impossible. The
pubosacral line reaching from the most inferior part of
the pubic symphysis to the lower part of the sacrum
was chosen as the reference line for MRI. Measurements
were performed at rest and during straining for both imaging techniques.
The pubosacral line was also used by Goodrich et al[6]
who examined five female patients with descending
perineum syndrome pre- and postoperatively, as well as
10 asymptomatic female volunteers undergoing MRI. In
contrast to the previous study, patients were placed in
the supine position. The authors did not state whether
the rectum, vagina or bladder had been contrasted.
Healy et al[8,14] have analyzed various aspects of pelvic floor disorders in patients and healthy volunteers
comparing videoproctography with dynamic MRI with
patients placed in the supine position. The defecation
maneuver was not acquired. In contrast to other studies [9,10,12], instead of contrast medium, a tampon was
placed in the rectum. Measurements were performed
during maximal straining, while the lower PCGL was the
reference landmark.
Tacke[15] has tested a new method of dynamic MRI
with radial real-time imaging and a reduced image area
for defecography. Patients in the supine position were
asked to void a condom filled with a gadolinium-based
contrast gel. The authors discussed this form of rectal
filling critically as it may mask intussusception or latent
incontinence.
Vanbeckevoort et al[12] compared colpocystoproctography (videoproctography with opacification of vagina
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and bladder) and dynamic MRI in supine position. For
MRI, the rectum was filled with 100 mL of ultrasound
gel, which was not meant to be voided. Measurements
were taken during maximal straining using the PCGL as
a reference line.
Lienemann et al[10] compared colpocystoproctography and MRI for the diagnosis of enteroceles. In MRI,
patients and healthy volunteers were placed in a supine
position and the rectum was filled with 200 mL of ultrasound gel, which was to be defecated during imaging.
The study does not reveal data on frequency and completeness of the defecation process. Reference line was
the PCGL.
In a technically equal approach, Lienemann et al[9]
examined 44 female patients and five asymptomatic
volunteers for descent of the pelvic floor. Patients and
volunteers were asked not to void the gel. Additionally,
there was no discussion of the findings of the healthy
volunteers in this study.
Hilfiker et al[16] and Schoenberger et al[17] presented an
“open system” MRI where patients were examined in an
upright position analogous to videoproctography. In the
study of Schoenberger et al[17], the findings of 15 patients
examined with videoproctography and this new form
of open configured MRI were compared. Five healthy
volunteers were included for the definition of normal
values, which are not mentioned in the paper.
This overview illustrates the problems arising with
the introduction of a new examination technique. So far,
dynamic MRI is widely accepted as a promising technique for the diagnosis of the pelvic floor[3,4,6,9,10], particularly for functional aspects of pelvic floor disorders
because pelvic organs and muscles can be visualized and
evaluated without invasive opacification and without any
exposure to ionizing radiation. Still, without standardization of patient preparation, examination technique
and evaluation of the data according to standardized
reference lines and landmarks, it may not yet replace a
well-established technique like videoproctography or
colpocystoproctography. We believe that a comparison
of both procedures has to take place under standardized conditions. In this context, the documentation of
the defecation process is most important for subsequent
comparability of both techniques. Vanbeckevoort et al[12]
have compared the results of 35 patients examined with
colpocystoproctography with and without defecation
with the findings of dynamic MRI without defecation.
For colpocystoproctography the urinary bladder and the
small bowel were filled with a contrast medium. In their
analysis, colpocystoproctography including defecation
was by far superior to the same technique without defecation. Based on the observation that the pelvic floor
reached its maximum downward movement only during
defecation, and supported by the fact that patients are
placed in a horizontal position in MRI, the authors concluded that colpocystoproctography including defecation
may also be superior to MRI without defecation. Our results also revealed that the formation of a rectocele and
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Table 2 Patient preparation, evaluation techniques, normal values and findings as described by other authors
Yang et al
Defecation
Rectal contrast
Bladder contrast
Vaginal contrast
Position
Reference line
Anorectal junction
Bladder base
Uterocervical junction
Rectocele (evaluation)
Rectocele (size)
Anorectal angle

[3]

No
No
No
No
Horizontal
Pubococcygeal
-25 mm
-10 mm
+10 mm
No information
No information
No information

Kruyt et al

[4]

No
No
No
No
Prone
Symphysiosacral
-30 mm to -40 mm
No information
No information
No information
no information
< 130° (rest)

Vanbeckevoort et al
No
100 mL mg
No
No
Horizontal
Pubosacral
-25 mm
±0
No information
Yoshioka
< 30 mm
No information

Lienemann et al

[9]

No
200 mL mg
60 mL sodium chloride
50 mL ug
Horizontal
Pubococcygeal
No information
±0
+0
Yoshioka
< 30 mm
No information

Healy et al

[14]

No
Plastic tube
No
Plastic tube
Horizontal
Pubococcygeal
-20 mm
-10 mm
±0
Yoshioka
no information
No information

Paetzel et al

[19]

Yes
180 mL mg
No
No
Horizontal
Pubococcygeal
-5.3 mm
+23 mm
+43 mm
Delemarre
26 mm
93 ° (rest)

videoproctography, Hardcastle et al[26] described normal
values between 60° and 105° at rest whereas the findings
of other groups[27-29] relying on control groups with up to
150 volunteers show values between 90° and 104° at rest
and 103° to 137° during defecation. Comparing the data
with our study we determined an average angle of 93° at
rest and 108.7° during straining. Accordingly, the use of
changes in the anorectal angle as a diagnostic parameter
is difficult not only because data vary significantly but
also because findings of patients and asymptomatic volunteers tend to overlap[4,7,8,15,29].
A patient with an anterior rectocele often presents with symptoms of incomplete defecation and are
observed along with a descent of the pelvic floor[13].
However, a rectocele can also frequently be found in
asymptomatic patients. Therefore, some authors assume
that symptoms depend on the diameter of the rectocele[9,29,30]. Due to different approaches in the attempt
to measure the expansion of a rectocele, there are still
no well-defined normal values available. Delemarre et
al[11] used videoproctography and MRI to examine 38
patients in the prone position without rectal filling and
without defecation. He concluded that videoproctography was superior to MRI for diagnosis of rectoceles. He
postulated that a symptomatic rectocele > 20 mm needs
to be operated. Lienemann et al[9] and Yoshioka et al[13]
have defined a rectocele as a protrusion of the anterior
rectal wall of > 30 mm. Yoshioka et al[13] have found
that, in comparison to clinical examination, MRI was
superior to colpocystoproctography in detecting rectoceles. Patients were examined in the supine position
with rectal filling during maximal straining but without
defecation. In contrast, Healy et al[8] rated videoproctography as superior to MRI. They have defined expansion
of > 20 mm as pathological. In addition, they found
that a rectocele < 13 mm measured by videoproctography was totally missed by MRI. MRI examination again
was performed without defecation.
According to our observations the horizontal position does not seem to be a disadvantage because a rectocele was found in eight out of 10 healthy volunteers,
with an average size of 26 mm (Table 1). This was in
accordance with data from the literature[9,14] where the

a cystocele as well as the maximal descent of the anorectal junction and of the uterocervical junction was only
completely visible at the end of the defecation process
but not during straining alone.
In our study, the rectum was filled with 180 mL ultrasound gel with a gadolinium-based contrast medium.
Ikenberry et al[18] have shown that varying viscosity of
the contrast medium does not significantly influence the
findings in videoproctography. Due to the natural differences in signal intensity of the urinary bladder, vagina,
small bowel, and peritoneum, the procedure can be kept
on a low level of invasivity.
The lower PCGL was used to visualize relative mo
vements of the pelvic organs during defecation. The
anorectal junction and anorectal angle were determined
by the central axis of the anal canal and a line along the
posterior wall of the rectum[8-10,14]. According to Delemarre et al[11], rectoceles were measured from the anorectal junction to the tip of protrusion of the anterior
rectum wall. Table 2 gives an overview of different techniques and normal values as described in other studies.
The position of the anorectal junction related to the
PCGL at rest and during defecation is one parameter in
the evaluation of a descent of the perineum. In the present study the anorectal junction moved 30 mm on average below the PCGL during defecation. In a previously
published study by our group we evaluated symptomatic
patients with pelvic floor disorders. In this study the
anorectal junction moved an average 49 mm below the
PCGL, while in patients suffering from a rectal incontinence, an average of 51 mm was measured[19].
Besides the descent of the anorectal junction, changes in the anorectal angle are commonly used as an indicator for the functional status of the pelvic floor[20]. A
narrowing of the anorectal angle may indicate a disorder
of the puborectal muscle[21]. This may lead to constipation with subsequent straining leading to rectal intussusception, rectocele and mucosal prolapse with a solitary
ulcer of the rectum[21,22]. If the anorectal angle is already
widened at rest, this may be a sign of weakness of the
pelvic floor and is commonly observed along with incontinence and rectal prolapse[23-25].
Standard values in the literature vary enormously. For
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physiology of the pelvic floor we have come across a wide variety of disorders.

incidence of a rectocele in asymptomatic volunteers was
about 80%, although these are described as “small” rectoceles.
Incidence and degree of a cystocele and an uterocervical prolapse is usually connected with the number of
vaginal deliveries, preceding hysterectomy, and chronic
constipation with increased straining maneuvers [12].
Besides clinical examination, imaging techniques make
quantification of findings possible[9].
Yang et al[3], Lienemann et al[9], Vanbeckevoort et al[12]
and Healy et al[7,14] have used normal values for the descent of the bladder base and uterocervical junction during straining in relation to the PCGL. These values were
raised partly in healthy volunteers and partly determined
at random.
Due to the natural differences in signal intensity of
the urinary bladder and the vagina there was no necessity
to apply additional contrast media[16]. In our study, six
of 10 asymptomatic healthy female volunteers without a
history of previous delivery or surgery showed the finding of a cystocele, and in three of 10 a vaginal prolapse
was diagnosed.
In the studies of Lienemann et al[31] and Sprenger
et al[32], 20 and 39 healthy females were examined with
dynamic MRI of the pelvic floor, including defecation.
A cystocele or vaginal prolapse was detected in none of
them.
An enterocele is defined as herniation of the peritoneum into the rectovaginal space[33], which may contain
small bowel loops or sigmoid colon. They are often
accompanied by severe defecation disorders and a sensation of pressure as well as downward movement of
the pelvic floor[34]. The prevalence of an enterocele in
women is between 18% and 37%[35,36]. They often occur
after hysterectomy[33]. No enterocele was detected in any
volunteer. Lienemann et al[10] examined 55 patients and
11 asymptomatic volunteers with colpocystoproctography and dynamic MRI, without application of contrast
medium into the peritoneum or small bowel. MRI had a
clear advantage because the peritoneum and contents of
the enterocele were easily identified. He concluded that
MRI may replace colpocystoproctography in the diagnosis of an enterocele.
It proved to be useful to acquire the complete defecation process after a rectal enema to detect potential
pathological changes. A rectocele can easily be identified
by dynamic MRI. The pelvic organs of healthy volunteers show a relatively high mobility, therefore, presently
suggested normal values for the position of pelvic organs in relation to the PCGL have to be redefined. It is
necessary to evaluate normal values under standardized
investigation conditions and with large groups of healthy
volunteers.

Research frontiers

Imaging plays an important role in the diagnostic workup of complex combined
pelvic floor disorders. Functional examinations like videoproctography provide
valuable information but it has been increasingly replaced by dynamic magnetic
resonance imaging (MRI) that can visualize intra- and extraluminal structures.
Further strengths of MRI are excellent soft tissue contrast and the lack of ionizing radiation.

Innovations and breakthroughs

There have been several studies about the diagnostic value of dynamic MRI
of the pelvic floor; most of them with symptomatic patients. This investigation
is believed to be the first to document the range of normal findings in MR defecography of asymptomatic female volunteers.

Applications

The wide range of normal findings in this study emphasizes the necessity of
obtaining common standards for the evaluation of MR defecography.

Terminology

MR defecography is a dynamic pelvic MRI examination. After optional application of a rectal enema, defecation is visualized by a series of fast MRI sequences.

Peer review

This is a good study but the authors should make some revision.
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RESULTS: The papilla of Vater or hepaticojejunostomy site was reached in its entirety with a 96% success
rate (45/47 procedures). There were no significant
differences in the success rate of reaching the blind
end with a DBE among Roux-en-Y total gastrectomy
(96%), Billroth Ⅱ reconstruction (94%), or pancreatoduodenectomy (100%), respectively (P = 0.91).
The total successful rate of cannulation and contrast
enhancement of the target bile duct in patients whom
the blind end was reached with a DBE was 40/45
procedures (89%). Again, there were no significant
differences in the success rate of cannulation and
contrast enhancement of the target bile duct with
a DBE among Roux-en-Y total gastrectomy (88 %),
Billroth Ⅱ reconstruction (89%), or pancreatoduodenectomy (100%), respectively (P = 0.67). Treatment
was achieved in all 40 procedures (100%) in patients
whom the contrast enhancement of the bile duct was
successful. Common endoscopic treatments were endoscopic biliary drainage (24 procedures) and extraction of stones (14 procedures). Biliary drainage was
done by placement of plastic stents. Stones extraction
was done by lithotomy with the mechanical lithotripter
followed by extraction with a basket or by the balloon
pull-through method. Endoscopic sphincterotomy was
performed in 14 procedures with a needle precutting
knife using a guidewire. The mean total duration of
the procedure was 93.6 ± 6.8 min and the mean time
required to reach the papilla was 30.5 ± 3.7 min. The
mean time required to reach the papilla tended to be
shorter in Billroth Ⅱ reconstruction (20.9 ± 5.8 min)
than that in Roux-en-Y total gastrectomy (37.1 ± 4.9
min) but there was no significant difference (P = 0.09).
A major complication occurred in one patient (3.5%);
perforation of the long limb in a patient with Billroth
Ⅱ anastomosis.

Abstract
AIM: To investigate the clinical outcome of double
balloon enteroscopy (DBE)-assisted endoscopic retrograde cholangiopancreatography (DB-ERCP) in patients with altered gastrointestinal anatomy.
METHODS: Between September 2006 and April 2011,
47 procedures of DB-ERCP were performed in 28 patients with a Roux-en-Y total gastrectomy (n = 11),
Billroth Ⅱ gastrectomy (n = 15), or Roux-en-Y anastomosis with hepaticojejunostomy (n = 2). DB-ERCP
was performed using a short-type DBE combined with
several technical innovations such as using an endoscope attachment, marking by submucosal tattooing,
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CONCLUSION: Short-type DBE combined with several technical innovations enabled us to perform ERCP
in most patients with altered gastrointestinal anatomy.

MATERIALS AND METHODS
Patient population
Between September 2006 and April 2011, 48 ERCP
procedures were analyzed in 28 patients (10 female, 18
male; age 54-91 years, mean 74.0 years) with pancreatobiliary diseases who had previously undergone bowel
reconstruction. The bowel reconstruction methods included Roux-en-Y total gastrectomy in 11 patients (26
procedures), Billroth Ⅱ gastrectomy in 15 patients (18
procedures), and Roux-en-Y anastomosis with pancreatoduodenectomy in two patients (three procedures).
Patients with Roux-en-Y total gastrectomy or Billroth Ⅱ
gastrectomy had naïve papilla (n = 26), and those with
pancreatoduodenectomy had hepaticojejunostomy (n =
2). Twenty-eight consecutive postsurgical patients were
included in this study after written informed consent was
obtained.

© 2012 Baishideng. All rights reserved.
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Endoscope and accessories
We used short-type DBE, EC-450B15 (Fujifilm, Saitama,
Japan). The DBE system is a high-resolution videoendoscope with a flexible overtube. The videoendoscope has
a 2.8-mm working channel and a working length of 1520
mm, and a detachable balloon at its tip. It is used with a
soft overtube measuring 1050 mm in length with another balloon at the distal end. The endoscope and overtube
balloons are made from latex, which is 0.1 mm thick and
very soft. The balloons can be inflated or deflated by a
specially designed air pump controller with one-touch
controls, while monitoring the air pressure. A soft transparent hood (DH-17EN; Fujifilm) was attached to the
tip of a scope in all procedures.

INTRODUCTION
Patients who have undergone bowel reconstruction have
been considered unsuitable for endoscopic retrograde
cholangiopancreatography (ERCP) using conventional
endoscopy[1-6]. This is because the endoscopic approach
to the afferent loop, blind end, and the choledochojejunostomy site using a conventional endoscope is difficult because of the distance from the gastrojejunal
anastomosis site, the unusual anatomical features of the
intestine such as its winding form, and postoperative
adhesions. Recently, double balloon enteroscopy (DBE)
has been reported to be of significant benefit for the diagnosis and treatment of biliary and pancreatic diseases
in such patients[7-13]. DBE enables us to advance much
deeper into the small intestine than using a conventional
push-enteroscope[14-16]. It is still difficult, however, not
only to reach the papilla of Vater or the site of choledochojejunostomy, but also to cannulate selectively into
the pancreatic and/or biliary duct in ERCP using DBE
(DB-ERCP). Therefore, further contrivances including
both instrumental and technical innovations have been
required to improve the outcome of DB-ERCP. One of
the most significant instrumental innovations is a shorttype DBE, which has been recently developed, and contributes to increased success rates not only for reaching
the papilla and blind end but also for ERCP-related interventions because of its short working length and the
availability of various accessory devices[17,18]. There has
still been a need for developing the technical innovations
to obtain more favorable outcome of the DB-ERCP.
This study describes several technical innovations and
tips in the use of a short-type DBE to improve clinical
outcomes of DB-ERCP.
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DB-ERCP
All procedures were performed during conscious sedation by giving 35 mg pethidine hydrochloride and
0.5-2 mg of flunitrazepam intravenously. Scopolamine
butylbromide was only used after reaching the end of
the afferent loop. DBE was performed using a standard
technique as described by Yamamoto et al [14], Kita et al[15]
and May et al [16], and DB-ERCP was carried out as follows. When an endoscopist was not sure whether the
endoscope was in the afferent loop, selective contrast enhancement in the intestine was performed with a balloon
inflated on the endoscope tip, allowing the endoscopist
to confirm the direction of the afferent loop under fluoroscopy[17,18]. Although formerly we used standard air
insufflations during the procedure, since April 2009 we
have used CO2 instead of standard air insufflations to
improve intubation depth during DBE, as well as to reduce postprocedural pain [19]. In the first procedure, the
beginning of the Roux limb was marked by submucosal
tattooing (Indian ink) in patients with a Roux-en-Y anastomosis (Figure 1). The time taken for this procedure
and the whole procedure was recorded.
Once the endoscope reached the papilla or ductal
anastomosis, appropriate stabilization of the enteroscope with the overtube and/or enteroscope balloon
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Figure 1 In the first procedure, the beginning of the Roux limb was marked by submucosal tattooing in patients with a Roux-en-Y anastomosis.
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Figure 2 A soft transparent hood (DH-17EN; Fujifilm) was attached to the tip of a scope in all procedures.

was often required prior to ERCP. Using DBE, the
endoscopist could stabilize the endoscope by the deep
insertion of an overtube, and immobilize the intestine
in a position that allowed the bile duct to run in the 11
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o’clock direction, as in the conventional ERCP view. A
soft transparent hood was attached to the tip of a scope
in all procedures. The attachment hood was useful to
fix the ampulla (Figure 2). Selective biliary cannulation
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Table 1 Success rate of double balloon enteroscopy-assisted
endoscopic retrograde cholangiopancreatography n (%)
Treatment of
Contrast
Reaching
the papilla enhancement of pancreatic and/or
biliary duct
of Vater target bile duct
Roux-en-Y reconstruction
Billroth Ⅱ gastrectomy
Pancreatoduodenectomy
Total

24 (96)
18 (95)
3 (100)
45 (96)

21 (88)
16 (89)
3 (100)
40 (89)

21 (100)
16 (100)
3 (100)
40 (100)

RESULTS
Reaching the blind end with a DBE
Twenty-eight patients had a total of 47 sessions of
DBE. Deep insertion of an endoscope to the papilla of
Vater was successful in 24 out of 25 procedures (96%)
in patients with Roux-en-Y total gastrectomy, in 18 out
of 19 procedures (94%) in patients with Billroth Ⅱ reconstruction, and in all three procedures in patients with
pancreatoduodenectomy (Table 1). There were no significant differences in the success rate of reaching the blind
end with a DBE among Roux-en-Y total gastrectomy,
Billroth Ⅱ reconstruction, and pancreatoduodenectomy
(P = 0.91). DBE can be a very useful modality for patients with altered gastrointestinal anatomy irrespective
of surgical procedures.

Figure 3 A sphincterotome with rotatable tip (Autotome RX49; Boston
Scientific) was also useful for cannulation in some cases, in which biliary
cannulation was unsuccessful with a standard cannula.

was achieved using a standard cannula or, if necessary,
a sphincterotome (Autotome RX49; Boston Scientific,
Tokyo, Japan) with a tip rotatable through 360° (Figure
3). Guidewire (Jagwire 0.035; Boston Scientific) was
preloaded into the cannula or sphincterotome, and was
placed in the bile duct after successful cannulation for
the following procedure. Endoscopic sphincterotomy
(EST) was performed using a sphincterotome with rotatable tip or a precutting knife (Single Use 3-Lumen
Needle knife V KD-V441M; Olympus, Tokyo, Japan).
When EST was difficult, endoscopic papillary balloon
dilation was performed with an 8- or 10-mm balloon
dilation catheter (Hurricane RX 4594; Boston Scientific).
When the opening of the choledochojejunostomy was
stenotic, balloon dilation using either an 8-10-mm balloon dilation catheter or 12-mm balloon catheter (CRE
Wireguided Balloon Dilatation Catheter 5842; Boston
Scientific) was performed.
Stone extraction was performed with a six-wire basket (MTW) or a mechanical lithotripter (Xemex crusher
catheter; Zeon Medical, Tokyo, Japan). After the stones
were removed, a retrieval balloon catheter (Extractor;
Boston Scientific) was used with a guidewire to confirm
that no small stones remained.
In patients with the bile duct winding at sharp angles
where the mechanical lithotripter could not be inserted,
and in patients with a bulky stone that could not be extracted in one attempt, a 7-Fr plastic stent (Flexima Biliary Stent System 3920; Boston Scientific) was positioned.

Cannulation and contrast enhancement of the target bile
duct in patients in whom the blind end was reached
Overall, the rate of successful cannulation and contrast
enhancement of the target bile duct was 40 out of 45
(89%) in patients in whom the blind end was reached;
this was made up of 21 out of 24 procedures (88%)
in Roux-en-Y total gastrectomy patients, 16 out of 18
procedures (89%) in Billroth Ⅱ patients, and all three
procedures in patients with pancreatoduodenectomy.
Again, there were no significant differences in the success rate of cannulation and contrast enhancement of
the target bile duct in patients whom the blind end was
reached with a DBE among Roux-en-Y total gastrectomy, Billroth Ⅱ reconstruction, and pancreatoduodenectomy (P = 0.67).
Treatment of the pancreatic and/or biliary duct
Treatment was achieved in all 40 procedures (100%)
in patients in whom contrast enhancement of the bile
duct was successful. The 40 treatment procedures are
listed in Table 2, and the details of treatment are given
in Table 3. The most common endoscopic treatment
was endoscopic biliary drainage (24 procedures), which
was done by placement of plastic stents. Extraction of
stones (14 procedures) was done by lithotomy with the
mechanical lithotripter followed by extraction with a
basket or by the balloon pull-through method. EST was
performed with a needle precutting knife using a guidewire (14 procedures). The choledochojejunostomy site
was dilated by balloon in three procedures.

Statistical analysis
All data are expressed as mean ± SE, if applicable. Sta
tistical analyses were performed with JMP statistical
software (Version 9.0). Pearson’s χ 2 test was performed
to compare the success rate of DB-ERCP among Rouxen-Y total gastrectomy, Billroth II reconstruction, and
pancreatoduodenectomy. An analysis of variance followed by Tukey’s multiple comparison test was carried
out to determine statistical significance among these
three groups. A value of P < 0.05 was considered statistically significant.
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Table 2 Treatment procedures for double balloon enteroscopy-assisted endoscopic retrograde cholangiopancreatography

Table 3 Detailed treatment procedures for double balloon
enteroscopy-assisted endoscopic retrograde cholangiopancreatography

Roux-en-Y
Billroth Ⅱ Pancreatodureconstruction gastrectomy odenectomy
n
EST + drainage
EST + SE
EST + SE + drainage
BD + SE
BD + SE + drainage
EST + BD + drainage
EST + BD + SE
EST + BD + SE + drainage
SE + drainage
Drainage
Other

21
2
2
1
1
1
1
12
1

16
1
2
1
1

Roux-en-Y
Pancreatoduo- Billroth Ⅱ Total
reconstruction
denectomy
gastrectomy

3
Stone extraction
EBD
EPD
Endoscopic
sphincterotomy
Balloon dilation
Cytological
diagnosis

3

1
2
1
1
5
1

2

7
6
3
8

14
24
3
14

3

5
1

10
1

6
2

EBD: Endoscopic biliary drainage; EPD: Endoscopic pancreatic duct drainage.

BD: Balloon dilation; SE: Stone extraction; EST: Endoscopic sphincterotomy.

pancreatic duct, and the third is therapeutic manipulation such as sphincterotomy and/or stone extraction.
There have been several reports of DB-ERCP. Although
the success rates of reaching the papilla or of cannulation for intact papilla are high (50%-100%, 67%-100%,
respectively)[17,18,20-22], they are still lower than for conventional ERCP. Therefore, technical difficulties or instrument limitations are considered likely. Some useful techniques or endoscopic accessories have been reported for
conventional endoscopy or DBE, however, there are few
reports which describe in detail the technique or the instruments for each step of DB-ERCP. We describe these
things in detail, because they may contribute to improving the outcome of DB-ERCP.
For the first step, intubation to the papilla or the
site of hepaticojejunostomy, short-type DBE may be
recommended. Originally, double balloon enteroscopes
were 200 cm long, which did not cause a problem with
insertion into the papilla, but limited the number of devices for the ERCP procedure[17,18,20,21]. Short-type DBE,
which was originally developed for colonic insertion,
has resolved this problem[17,18]. Shimatani et al[18] have
reported that because of its short working length and
the availability of various accessory devices, short-type
DBE increases the success rates for reaching the papilla
and blind end, and for ERCP-related interventions. Cases in which double balloon enteroscope insertion may
be difficult are patients who have jejunojejunostomy
such as Roux-en-Y anastomosis or pancreatoduodenectomy. Selective contrast enhancement in the intestine
with a balloon inflated on the endoscope tip is useful to
confirm the direction of the afferent loop [17,18]. Once
the correct way is confirmed, submucosal tattooing at
the beginning of the Roux limb may be useful for later
sessions (Figure 1)[12,17,21,23,24].
In our series, the blind end was reached in 45 out of
47 procedures (95.7%) with short-type DBE, comprising
18 out of 19 procedures in Billroth Ⅱ patients, all three
in pancreatoduodenectomy, and 24 out of 25 procedures
in Roux-en-Y patients. One procedure in Billroth Ⅱ
patients was aborted because of perforation of the long
limb, and one in the Roux-en-Y group failed because of

Time of the procedure
The mean total duration of the procedure was 93.6 ±
6.8 min. The mean time required to reach the papilla was
30.5 ± 3.7 min. For a subanalysis, the time required to
reach the papilla of Vater was 37.1 ± 4.9 min in Rouxen-Y total gastrectomy, 20.9 ± 5.8 min in Billroth Ⅱ
reconstruction, and 33.3 ± 13.4 min in pancreatoduodenectomy. It tended to be shorter in Billroth Ⅱ reconstruction than that in Roux-en-Y total gastrectomy but
there was no significant difference (P = 0.09). DB-ERCP
seemed to be technically more difficult in patients with
Roux-en-Y total gastrectomy than those with Billroth Ⅱ
reconstruction.
Complications
A major complication occurred in one patient (3.5%);
perforation of the long limb in a patient with Billroth Ⅱ
anastomosis. Perforation occurred during insertion of
DBE in this patient’s second session. The perforation
was successfully resolved surgically. No post-ERCP pancreatitis occurred.

DISCUSSION
The invention of DBE has dramatically changed the
endoscopic management of pancreatobiliary diseases in
patients who have undergone bowel reconstruction[8-12].
DBE has made it possible to reach the papilla or biliopancreatoenteric anastomosis site even in patients with
Roux-en-Y surgical reconstruction. Although patients
who have undergone Billroth Ⅱ reconstruction are
considered capable of undergoing ERCP with a conventional endoscope, the endoscopic approach to the afferent loop, blind end, and the site of hepaticojejunostomy
is difficult in cases where there are severe adhesions or a
long afferent loop. In such patients with Billroth Ⅱ reconstruction, DB-ERCP is effective.
DB-ERCP has three major steps; the first step is
intubation to the papilla or the site of hepaticojejunostomy, the second is cannulation into the bile and/or
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strong adhesion. We have used CO2 instead of standard
air insufflations since April 2009 to improve intubation
depth during DBE, as well as to reduce postprocedural
pain[19]. The mean duration for reaching the blind end
using CO2 insufflation in Roux-en-Y patients tended to
be shorter than that using air insufflation, although the
difference was not significant (P = 0.18, 40.9 min vs 29.4
min, air vs CO2, respectively). CO2 insufflation could be
useful especially in patients with Roux-en-Y total gastrectomy where DB-ERCP seems to be technically difficult compared to Billroth Ⅱ reconstruction.
The second step, deep cannulation into the bile and/
or pancreatic duct, is an important precondition for later
therapeutic manipulations. In patients with Roux-en-Y
reconstruction, the position of the papilla may vary
and may be observed by moving the screen in various
directions. The manipulation of both the overtube and
the endoscope makes it possible to change the position
of the papilla in the view field. Double balloon enteroscopes are not provided with an elevator, therefore,
cannulation may be difficult, but the attachment hood
is useful to fix the ampulla and to align the axes of the
cannula and the bile duct, enabling safe endoscopic procedures and selective pancreatic and/or biliary cannulation (Figure 2). We usually use a normal ERCP catheter.
If the biliary axis does not fit, we use a sphincterotome
with a rotatable tip (Figure 3). Needle-knife precut papillotomy was performed when the conventional biliary
cannulation promised to be difficult, as described by
Fukatsu et al[25]. In this study, cannulation was successful and contrast enhancement of the target bile duct
was achieved in 40 out of 45 (89%) patients in whom
the blind end was reached. There were difficult cases in
Roux-en-Y patients (21/24, 88%) and in Billroth Ⅱ patients (16/18, 89%). It was easy in all three patients with
pancreatoduodenectomy.
The third therapeutic step is the endpoint of the
DB-ERCP procedure. Deep insertion and placing the
guidewire into the biliary and/or pancreatic duct is indispensable for the following procedures. Guidewire stabilizes the papilla and makes it easy to perform sphincterotomy or insert the devices into the duct. Treatment was
achieved in all 40 procedures in patients in whom contrast enhancement of the bile duct and guidewire placement were successful. Endoscopic biliary drainage by
placement of plastic stents was not difficult. However,
the diameter of the stents was limited to < 7 Fr. Sphincterotomy using a sphincterotome is sometimes difficult
in DB-ERCP. A rotatable sphincterotome or needle
precutting knife may be useful in such cases. If sphincterotomy is impossible or insufficient, balloon dilation
should be performed. Extraction of stones was done by
lithotomy with the mechanical lithotripter followed by
extraction with a basket or by the balloon pull-through
method. A few types of mechanical lithotripters and
baskets that can go through the DBE working channel
are commercially available at the present time. However,
most of them do not have the wire-guided mechanism,
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which means it is sometimes difficult to insert into the
duct.
DB-ERCP complications in patients who have undergone bowel reconstruction have featured in a limited number of reports. Perforations or emphysema at
the time of insertion of an endoscope or endoscopic
sphincterotomy have been reported in 2.3%-11.1% of
cases. Raithel et al[21] have reported post-ERCP pancreatitis in 2.3% and post-interventional bleeding in 1.1%
of patients. In our study, complications occurred in only
one patient (3.5%); perforation of the long limb in a
patient with Billroth Ⅱ anastomosis[17,18,21]. With regard
to the insertion of an endoscope and shortening of the
intestinal tract, attention should be paid to avoid forced
insertion or shortening, which may cause perforation.
In conclusion, short-type DBE combined with several technical innovations enabled us to perform ERCP
and ERCP-related interventions in a number of patients
for whom it was previously impossible. Endoscopic tattooing at the beginning of the limb, using an attachment
hood, and CO2 insufflation might facilitate intubation
of the papilla and reduce the duration of the procedure.
Cannulation into the bile or pancreatic duct is the most
difficult part of DB-ERCP. Using an attachment hood
and/or a rotatable sphincterotome may facilitate the
procedure. Further instrumental improvements such as
the widening of the DBE working channel or development of the accessories for use in balloon enteroscope
systems are necessary to improve the outcome of DBERCP.
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Background

Patients who have undergone bowel reconstruction have been considered to
be difficult for endoscopic retrograde cholangiopancreatography (ERCP) using
conventional endoscopy. Double balloon enteroscopy (DBE) has brought a
significant benefit for performing ERCP in patients with such an altered gastrointestinal anatomy. However, there are still some technical difficulties to be
resolved.

Research frontiers

Recently developed short DBE contributes to increased success rates for
reaching the papilla and for ERCP-related interventions in DBE-assisted ERCP
(DB-ERCP). In the area of DB-ERCP, the research hotspot is how to improve
its results for completing therapeutic interventions such as stone extraction and
stent insertion of the pancreatobiliary system.

Innovations and breakthroughs

Although a short DBE is more useful than a conventional long DBE, clinical
outcomes of DB-ERCP are still unsatisfactory compared to conventional ERCP.
DB-ERCP has three major steps: intubation to the papilla or the site of hepaticojejunostomy, cannulation into the bile and/or pancreatic duct, and therapeutic
manipulation. To improve intubation, the authors used CO2 instead of standard
air insufflations, selective contrast enhancement in the intestine with a balloon
inflated on the endoscope tip to confirm the right direction, and submucosal tattooing in patients with Roux-en-Y anastomosis for the next session. To improve
cannulation, we attached a soft transparent hood to the tip of a scope, and used
a sphincterotome with a rotatable tip. To improve therapeutic manipulation, we
performed guidewire placement into the biliary/pancreatic duct, and needle-
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knife precutting and/or balloon dilation to make a large enough opening of the
orifice.

Applications

12

In this study, the authors showed the possibility that short-type DBE combined
with several technical innovations enabled us to perform ERCP and ERCPrelated interventions more efficiently in a number of patients with altered gastrointestinal anatomy for whom it was previously impossible.

13

Terminology

DBE has been developed for visualization of and intervention in the entire small
intestine. Currently, two types of double-balloon endoscope are available including a conventional type (200 cm working length) and a short type (152 cm).
Short-type DBE has great practical use because of its short working length and
the availability of various accessory devices. Roux-en-Y reconstruction of the
small bowel is a general surgical technique in gastrointestinal oncology surgery,
hepatobiliary and pancreatic surgery, and bariatric surgery. For the endoscopist,
accessing the ampulla is technically difficult in a patient needing Roux-en-Y reconstruction, because of the long length of bowel that the endoscope must pass
through, and the acute angle of the afferent limb and Roux limb anastomosis.

14

15
16

Peer review

This is an important paper describing difficult ERCP cases after gastric surgery.
This is a useful report of DB-ERCP techniques. The authors’ modifications of
the technique are particularly helpful.
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diagnosed with single or multiple SBIs either by exploratory laparotomy or laparoscopy. Compared with
exploratory laparotomy, laparoscopy took a significantly
longer time for diagnosis (41.27 ± 12.04 min vs 27.64
± 13.32 min, P = 0.02), but the time for therapeutic
laparoscopy was similar to that of open surgery. The
length of incision was significantly reduced in the laparoscopy group compared with the laparotomy group
(5.27 ± 1.86 cm vs 15.73 ± 1.06 cm, P < 0.01). In the
final post-mortem examination 72 h after surgery, both
laparotomy and laparoscopy offered a definitive diagnosis with no missed injuries. Postoperative complications
occurred in four cases (three following laparotomy and
one following laparoscopy, P = 0.326). The average recovery period for bowel function, vital appearance, and
food re-intake after laparoscopy was 10.36 ± 4.72 h,
14.91 ± 3.14 h, and 15.00 ± 7.11 h, respectively. All of
these were significantly shorter than after laparotomy
(21.27 ± 10.17 h, P = 0.004; 27.82 ± 9.61 h, P < 0.001;
and 24.55 ± 9.72 h, respectively, P = 0.016).

Abstract
AIM: To evaluate the safety and effectiveness of laparoscopy compared with laparotomy for diagnosing and
treating small bowel injuries (SBIs) in a porcine model.

CONCLUSION: Compared with laparotomy, laparoscopy offers equivalent efficacy for diagnosing and
treating SBIs, and reduces postoperative complications
as well as recovery period.

METHODS: Twenty-eight female pigs were anesthetized and laid in the left recumbent position. The SBI
model was established by shooting at the right lower
quadrant of the abdomen. The pigs were then randomized into either the laparotomy group or the laparoscopy group. All pigs underwent routine exploratory
laparotomy or laparoscopy to evaluate the abdominal
injuries, particularly the types, sites, and numbers of
SBIs. Traditional open surgery or therapeutic laparoscopy was then performed. All pigs were kept alive
within the observational period (postoperative 72 h).
The postoperative recovery of each pig was carefully
observed.

© 2012 Baishideng. All rights reserved.

Key words: Laparoscopy; Laparotomy; Small bowel injury; Porcine model; Diagnosis; Treatment; Penetrating
injury; Firearm injury
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RESULTS: The vital signs of all pigs were stable within
1-2 h after shooting and none of the pigs died from
gunshot wounds or SBIs immediately. The SBI model
was successfully established in all pigs and definitively
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A prospective, randomized, comparative study was
conducted between February and July 2010. Enrolled in
this research were 28 consecutive healthy pigs native to
Chong Qing (all females). The pigs were provided and
fed by staff from the Medical Animal Research Center
of Da Ping Hospital (Affiliated to the Third Military
Medical University).
After mastering the skilled techniques gained from
previous experience in modeling and treating SBIs, we
carried out this study to ascertain if laparoscopy alone
could replace laparotomy in diagnosing and treating SBIs
in this porcine model.

laparotomy in detecting and treating small bowel injuries in a
porcine model? World J Gastroenterol 2012; 18(46): 6850-6855
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i46/6850.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i46.6850

INTRODUCTION
The vast anatomic space occupied by the gastrointestinal
tract prediposes it to penetrating injuries. In penetrating
trauma, the small bowel is most frequently injured, followed by the large intestine and stomach[1]. Small bowel
injury (SBI) is seldom diagnosed preoperatively especially when there are no frank signs of hemoperitoneum
or peritonitis[2,3].
Laparotomy is considered the gold standard for
evaluation of intra-abdominal injuries sustained from
trauma [4] . However, complications following negative or nontherapeutic laparotomy can be as high as
20%-40%[5-7]. Therefore, it is advantageous to avoid a
negative laparotomy while providing a reliable and accurate alternative diagnostic procedure[8]. While laparoscopy has become a standard component of diagnosis
and therapy for many conditions in general surgery, its
role in trauma remains controversial. Many concerns
about the safety, sensitivity, and specificity of laparoscopy have limited its application in abdominal trauma[9-12],
particularly in detecting SBIs[13-15]. It was reported that
laparoscopy in trauma initially resulted in a high rate of
missed injuries (41%-77%) and considerable criticism of
laparoscopy as a diagnostic tool[9,10]. Studies in 1993 and
2006 showed little statistical change in its reliability; only
20% of SBIs were correctly identified by laparoscopy,
and sensitivity was 25% for diagnosis of hollow viscus
and retroperitoneal injuries[16,17]. The high proportion of
missed occult SBIs with laparoscopy in trauma (LIT) is a
major reason why some surgeons still preclude LIT use
today[18]. These considerations conflict with the considerable advances that have been made in LIT.
In this present study we mimicked injuries to the
small intestines by firing bullets into the abdomen of
anesthetized pigs. We tried to provide a reproducible and
hemodynamically stable porcine model with multiple
SBIs. We also aimed to evaluate the safety and effectiveness of diagnostic and therapeutic laparoscopy compared with the laparotomy for SBI in the porcine model.

Preoperative preparation
All 28 pigs had free access to food and tap water without oral intake of antibiotics. After premedication with
intramuscular administration of azaperone 4 mg/kg, ketamine 10 mg/kg, and atropine 0.02 mg/kg, general anesthesia was induced by 3% pentobarbital (1 mL/kg) via
the left ear vein; an additional 3-5 mL of 3% pentobarbital was given if the pigs became restless. A 6.5-F endotracheal tube was applied, and pigs allowed to breathe
spontaneously. They were ventilated with room air using
a standard ventilator if necessary. Most of the animals
were in the anesthetic plane between medium and deep
anesthesia [muscles relaxed; most reflexes (palpebral,
corneal) absent; pupillary light reflex slow or absent].
SBI modeling procedures: After anesthesia, the pigs
were transferred to the shooting cabin to establish the
model. Pigs were laid in the left lateral recumbent position; the right forelimb and hindlimb were abducted
and suspended on the shooting shelf whereas the left
forelimb and hindlimb were fixed horizontally. The entry point was 2 cm medial and 3 cm cephalad from the
point of the right hip (this position was determined according to our previously experience). Once the entry
point was defined, the location of the predicted exit
point was obtained by ensuring that both points were in
the right quadrant of the abdomen and the line between
the two points was horizontal. The predicted exit point
was equivalent to the entry point moving medially, and
was 4 cm lateral to the abdominal midline (Figure 1).
The injury was inflicted by a 56-type military firearm.
It fired 7.62-mm steel-core bullets weighing 7.9 g at a
shooting distance of 5 meters. The military firearm was
used after fine adjustment of the ballistic trajectory according to the position of animal. All devices and the
professional marksman were provided by the RIS.

MATERIALS AND METHODS
Experimental design
The study protocol was approved by the Institutional
Review Board of the Research Institute of Surgery (RIS),
which was affiliated to the Third Military Medical University in Chong Qing (People’s Republic of China). Animal welfare and experimental procedures were carried
out strictly in accordance with the guide for the Animal
Care and Use Committee of RIS.

WJG|www.wjgnet.com

Surgical procedures: After shooting at the abdomen,
pigs were rapidly transferred to the operating room.
Immediately before surgery, all pigs were randomized
to one of the two surgical approaches (laparotomy or
laparoscopy). The interval between shooting and surgery
was similar in each pig: approximately 70-80 min.
Laparotomy group: Pigs were placed in the supine
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a reverse angle to facilitate free access to the intestinal
tract and other viscera. The sequence of exploration and
some of the specific rules of treatment during surgery
were the same as those mentioned in the laparotomy.
The small bowel was examined for traumatic injuries by
two 5-mm atraumatic bowel graspers from the ileocecal valve to the ligament of Treitz (running the bowel).
Once exploration was accomplished, effective therapeutic laparoscopic procedures were undertaken to treat the
injuries. Larger bleedings were controlled through application of a laparoscopic clip or with bipolar forceps. If
the intestinal injuries were not severe (injury scale lower
than Grade Ⅱ[19]) with the exception of ruptures of the
colon or rectum, single repair with single-layer interrupted sutures was undertaken entirely under the laparoscopic view (total laparoscopy). Otherwise, intestinal
resection and anastomoses were performed through an
extended 5-cm incision of the exit wound (video-assisted
laparoscopy).
After anastomoses and debridement, the abdominal
cavity was irrigated with approximately 2000 mL normal
(0.9%) saline, and a drainage tube placed in the pelvic
cavity. The exit wound was managed with sharp debridement and two layers of interrupted sutures for the deep
fascia and skin and the surgical incision. Administration
of anesthetics was stopped. Both laparoscopy and laparotomy were performed by the same surgeons in our
study, all of whom trained at RIS and used similar techniques.

A

B

Figure 1 Animal model. The experimenters fixed the position of the
anesthetized pig. The black arrows point at the entry and exit wounds of the
abdomen.

position. Access to the abdominal cavity was gained
through a midline incision ranging from approximately
7 cm above the umbilicus to approximately 9 cm below the umbilicus. The abdominal wall was drawn back
with a metal retractor. Viscera (particularly the intestinal
tract) were exposed manually. The sequence of exploration was from the major vessels, liver, spleen, the gyri
centripetales and gyri centrifugales of the colon to the
left kidney and left segment of the pancreas; this was
continued from the sigmoid colon, rectum, bladder, and
cecum to the ileum and jejunum; then continued from
the stomach, duodenum, and the pancreatic head to the
right segment of the pancreas and right kidney. After
exploration, surgical treatment was performed for intraabdominal injuries. Intestinal resection and anastomoses
were undertaken if the diameter of the intestinal rupture
was longer than 50% of the intestine circumference,
otherwise simple repair with edge trimming was applied;
end-to-end single-layer anastomoses were conducted
with running number 0 silk sutures;

Postoperative management
Postoperatively, a clean dry dressing was sutured with the
abdominal skin to prevent contamination of the incision.
Each pig was transferred to the feeding room, kept in a
single cage, and injected with 25 mg pethidine 3 h after
surgery. All pigs received 500 mL 5% glucose solution
containing 1 g cefradine and 0.5 g metronidazole per day
through a peripheral vein. The eating habits and physical
activities of the pigs were closely monitored three times
daily to detect signs of peritonitis and generalized sepsis.
The recovery of bowel function was recorded as the
time of return of bowel sounds. At 72 h after surgery,
all animals were sacrificed for a thorough exploration of
the abdomen to check for missed injuries.
Statistical analysis
Statistical analysis were carried out with SPSS software
(SPSS/PC + 16.0; SPSS, Chicago, IL, United States).
Values are presented as mean ± standard deviation; P <
0.05 was considered significant. Statistical comparisons
of data were carried out by the Student t-test, the Chisquare test or repeated measures as appropriate. In addition, Fisher’s exact test was applied if the sample was < 5.

Laparoscopy group: A pneumoperitoneum of 13
mmHg with CO2 insufflation was established after insertion of a Veress needle. A 10-mm camera access port
was introduced 1 cm above the umbilicus. A 30° laparoscope connected to a camera allowed endoscopic visualization. Two additional 5-mm or 10-mm ports were
inserted in the left lower quadrant of the abdomen in
right-angled triangular fashion under laparoscopic guidance. Pigs were positioned in a Trendelenburg angle or

WJG|www.wjgnet.com

RESULTS
SBI model
The point of the entry wound was 2.1-2.9 cm medial
(mean, 2.60 ± 0.19 cm) and 1.2-1.7 cm cephalad (mean,

6852

December 14, 2012|Volume 18|Issue 46|

Shan CX et al . Laparoscopy for small bowel injuries

missed injuries (all confirmed by the final post-mortem
examination). Compared with laparotomy, laparoscopy
took a significantly longer time for diagnosis (41.27 ±
12.04 min vs 27.64 ± 13.32 min, P = 0.02), but the time
of therapeutic laparoscopy was similar to that of open
surgery (83.27 ± 23.43 min vs 79.00 ± 19.17 min, P >
0.05). Furthermore, according to our analysis, the overall
operative (diagnostic plus therapeutic) time was slightly
longer in the laparoscopy group, but the difference did
not reach statistical significance (P = 0.12). In addition,
the length of the incision was significantly reduced in
the laparoscopy group compared with the laparotomy
group (5.27 ± 1.86 cm vs 15.73 ± 1.06 cm, P < 0.01).
Although all 28 pigs survived during the 72 h of
follow-up, the recovery was not uneventful. Three cases
(3/14, 21.5%) in the laparotomy group developed postoperative complications (one small bowel volvulus, one
gastric retention, and one abdominal cavity infection
and abscess) while only one case (1/14, 7.14%) had a
complication of incisional infection in the laparoscopy
group. No complications related to the technique (e.g.,
leakage, obstruction due to tight anastomosis, bleeding)
were found. Although the incidence of complications
was slightly higher following laparotomy, the difference
between groups was not significant (P = 0.326). The
average recovery period for bowel function, vital appearance, and food re-intake after laparoscopy was 10.36 ±
4.72 h, 14.91 ± 3.14 h, and 15.00 ± 7.11 h, respectively,
following laparoscopy. All of these were significantly
shorter than after laparotomy (21.27 ± 10.17 h, P = 0.004;
27.82 ± 9.61 h, P < 0.001; and 24.55 ± 9.72 h, respectively, P = 0.016).

A

B

Figure 2 Porcine model with gastrointestinal injuries. A: Multiple ruptures
of the small intestine; B: Injuries to the sigmoid colon.

1.5 ± 0.12 cm) from the point of the right hip. The exit
wounds were located in the right lower quadrant of the
abdomen, and 3.2-5.8 cm (mean, 4.53 ± 0.51 cm) lateral
to the midline.
The vital signs of all pigs were stable within 1-2 h
after shooting. None of the pigs died from gunshot
wounds (GSW) to the abdomen. All 28 pigs underwent
routine exploration of the abdominal cavity. All had
single or multiple injuries to the small bowel, one (3.57%)
with sigmoid ruptures (Figure 2), and one (3.57%) with
cecum ruptures. Injuries to the liver, spleen, the gyri centripetales and gyri centrifugales of the colon, crucial vessels and retroperitoneal organs were not observed. The
details of the SBIs are listed in Table 1; the organ injury
scale was based on that of Moore et al[19]. In addition, the
severity of SBIs in the two groups was also compared.
We considered injury numbers of Grade Ⅱ SBIs < 3 as
minor injuries, and injury numbers of Grade Ⅲ or more
SBIs ≥ 1 as severe injuries. In the laparoscopy group, 5
cases were found with minor injuries and 9 cases with
severe injuries, while in the laparotomy group, 4 cases
were diagnosed with minor injuries and 10 cases with
severe injuries. There was no significant difference between the groups concerning the severity of SBIs.

DISCUSSION
Few studies have been carried out focusing on the methodology of SBI in pigs arising from GSW[20,21]. According to our experience, the entry and exit points were
extremely critical in establishing a purely SBI model.
Through our work on intra-abdominal anatomy, we
found that the distribution pattern was considerably
regular in pigs. The small bowel had a centralized distribution in the right abdomen, and the gyri centripetales
and gyri centrifugales of the colon were located in the
left upper quadrant in a circular fashion. The cecum was
approximately 20 cm in length with no obvious mesentery; it was mainly located in the left lower quadrant with
its end pointing towards the pelvic cavity. Therefore, we
assumed that if both the entry and exit wounds were
located on the right lower quadrant of the abdomen,
avoiding bony structures such as right ribs, right hip and
pubis, there would be injuries only to the small intestine.
As predicted, in the present study, all 28 pigs were diagnosed with SBIs.
One of the greatest concerns about LIT has been
its unreliability in detecting SBIs[13,14], a major reason
why some surgeons still preclude LIT today. However,
according to the results of the final post-mortem ab-

Perioperative outcomes
All 28 pigs were randomized into either the laparotomy
group or the laparoscopy group (14 in each group).
According to the operative findings, both laparotomy
and laparoscopy offered a definitive diagnosis with no

WJG|www.wjgnet.com
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SBIs was good according to our research.
While surgeons disputed the disadvantages of laparoscopy for SBIs, the benefits of laparoscopy were
evident[22]. First, by directly visualizing the abdominal
cavity, laparoscopy allowed the surgeon to exclude the
presence of other associated intra-abdominal injuries,
and was also able to eliminate the blind zone of visual
fields when using a 30° laparoscope. Secondly, following
the laparoscopic guidance, the SBIs could be treated directly using a laparoscopic technique, or using a notably
shorter incision, which was near the injuries. In the current study, five pigs in the laparosopy group were diagnosed with simple SBIs, and received total laparoscopy
for treatment. In addition, video-assisted therapeutic
laparoscopy, which utilized a 6-7 cm incision, was successfully carried out in nine pigs with relatively severe
SBIs. Therefore, laparoscopy would also be a reliable
and accurate alternative therapeutic procedure for severe
SBIs[23]. Thirdly, compared with the laparotomy group,
the length of incision was significantly shortened in the
laparoscopy group. The length of incision is an important factor affecting surgical stress[24]. Thus, given the
minimally invasive nature of laparoscopy, there is good
reason to assume that laparoscopy is advantageous over
conventional laparotomy in reducing surgical trauma.
Another benefit of laparoscopy was the significantly reduced recovery period after surgery. The almost 50% reduction in recovery periods of bowel function, vital appearance, and food re-intake in the present research was
not surprising considering the less invasive nature of the
procedure. Therefore, laparoscopy could be a promising
minimally invasive approach for treating SBIs[25,26].

Table 1 Summary of the details of small bowel injuries in all
pigs after gunshots
1

Case

Injury Scale of SB
IH

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

IL

1
2
3
2
3
1
1
4
1
1
1

1
1

1

1

1
1
1
2
1
2
1

Ⅲ

2
1
2
4
3
2
4
2
1

1

1
1

Ⅳ

2

1

1
1

2
3
2
1
2
2
2
1
2
1
3
2
1
2
2

Ⅴ

6

2

1
1
1
1

Ⅱ

2
1

1
1

3
1

4
1

1

1

2
1

1

1
1
1
4
1

1

1

1
1
1

Treatment
Sum
4
1
5
11
3
10
7
3
3
8
3
8
5
2
8
5
4
4
2
3
5
2
6
5
3
7
4
4

Laparotomy
Laparoscopy (total)
Laparoscopy (total)
Laparoscopy (video-assisted)
Laparotomy
Laparoscopy (video-assisted)
Laparotomy
Laparotomy
Laparoscopy (video-assisted)
Laparoscopy (video-assisted)
Laparotomy
Laparotomy
Laparotomy
Laparoscopy (total)
Laparoscopy (video-assisted)
Laparotomy
Laparotomy
Laparotomy
Laparoscopy (total)
Laparotomy
Laparoscopy (video-assisted)
Laparotomy
Laparoscopy (video-assisted)
Laparotomy
Laparoscopy (video-assisted)
Laparotomy
Laparoscopy (total)
Laparoscopy (video-assisted)

1

Based on the reference of Moore et al[19]. IH: Hematoma, contusion or
hematoma without devascularization; IL: Laceration, partial thickness, no
perforation; Ⅱ: Laceration, laceration < 50% of circumference; Ⅲ: Laceration, laceration > 50% of circumference without transaction; Ⅳ: Laceration,
transection of small bowel; Ⅴ: Laceration, transection of small bowel with
segmental tissue loss vascular, devascularized segment; SB: Small bowel.

Limitation
One overwhelming limitation of this study was that a
major proportion of patients with GSW to the abdomen
would have significant injuries involving not only the
small intestines, but also many other kinds of abdominal
organs, which would make the conditions of the patients
very complicated. Thus, therapeutic laparoscopy might
not be the first choice for patients with GSW. However,
we believe that, in the hemodynamically stable patient
with abdominal penetrating injury and without extensive intra-abdominal adhesions, a thorough laparoscopic
examination is possible and feasible. The results of diagnostic laparoscopy would be a useful guidance, and directly influence the modality of further treatment. Moreover, we aimed to evaluate the feasibility and validity of
diagnostic and therapeutic laparoscopy for SBI, which
was the chief objective of our study, and we did obtain
convincing evidence supporting the use of laparoscopy
for SBIs.
In conclusion, our research indicates that laparoscopy could be a minimally invasive approach for diagnosing and treating SBIs. Compared with laparotomy,
laparoscopy could offer equivalent efficacy for SBIs, and
reduces postoperative complications as well as recovery
period.

dominal examination, the present study demonstrated
that laparoscopy could also offer equivalent efficacy
for diagnosing SBIs compared with laparotomy, with
no missed injuries. According to our experience, the
systematic approach for diagnostic laparoscopy exploration of the gastrointestinal tract was very important for
avoiding missed SBIs[15], and mainly consisted of all the
principles of open exploratory laparotomy for trauma
and the technique of running the small bowel. During
the exploration, we initially lifted an 8-10-cm segment of
the small bowel with two 5-mm atraumatic bowel graspers at the ileocecal valve, and one side of the bowel and
mesentery was observed. The graspers were then turned
180 degrees, and the other side of the bowel was visualized. This sequence was repeated until the ligament of
Treitz was reached. Therefore, after using this systematic
approach, we could correctly identify SBIs, minimizing
the potential of a missed injury. Although diagnostic laparoscopy was time-consuming, and took approximately
45 min to diagnose intestinal injuries in each case, which
was significantly longer than the laparotomy exploration,
the safety and sensitivity of diagnostic laparoscopy for
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RESULTS: The TLR4 gene Asp299Gly was digested
using Nco Ⅰ restriction enzyme, and a single band of
249 bp was observed which showed that it was a wild
type (AA). The TLR4 gene Thr399Ile was digested using Hinf Ⅰrestriction enzyme and only the wild type
(CC) was detected. In addition, the TLR2 gene Arg677Trp was digested using Aci Ⅰ restriction enzyme
and only the wild type (CC) was detected. The TLR2
gene Arg753Gln was digested using Pst Ⅰ restriction
enzyme. Only the wild type (GG) as a single band of
254 bp was observed during RFLP. Overall, no heterozygous or homozygous single nucleotide polymorphism
mutations were found in patients with Crohn’s disease
and ulcerative colitis both in the TLR4 gene Asp299Gly ,
Thr399Ile and the TLR2 gene Arg677Trp , Arg753Gln in
the Zhuang population from the Guangxi Zhuang Autonomous Region of China.
CONCLUSION: The TLR4 gene Asp299Gly , Thr399Ile
and TLR2 gene Arg753Gln , Arg677Trp polymorphisms
may not be associated with IBD in the Zhuang population from the Guangxi Zhuang Autonomous Region of
China.

Abstract
AIM: To study the polymorphisms of toll-like receptor
4 (TLR4 ) gene Asp299Gly , Thr399Ile and TLR2 gene
Arg753Gln , Arg677Trp and susceptibility to inflammatory bowel disease (IBD) in the Zhuang population
from Guangxi, China.

© 2012 Baishideng. All rights reserved.

Key words: Toll-like receptor 2; Toll-like receptor 4; Inflammatory bowel disease; Gene polymorphism
Peer reviewer: Dr. Dieter Kabelitz, Professor, Department of

METHODS: A case-control study was performed from
February 2007 to October 2011 which included 146
Zhuang patients with IBD in the experimental group
and 164 healthy Zhuang subjects who acted as the
control group. All patients and healthy subjects were
from the Guangxi Zhuang Autonomous Region of China.
Genomic DNA was extracted from intestinal tissue by
the phenol chloroform method. TLR4 gene Asp299Gly ,
Thr399Ile and TLR2 gene Arg753Gln , Arg677Trp were
amplified by polymerase chain reaction (PCR), and then

WJG|www.wjgnet.com

Immunology, Kiel University (CAU). Michaelisstraße 5, 24105
Kiel, Germany
Chen L, Lin MJ, Zhan LL, Lv XP. Analysis of TLR4 and
TLR2 polymorphisms in inflammatory bowel disease in a
Guangxi Zhuang population. World J Gastroenterol 2012;
18(46): 6856-6860 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i46/6856.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i46.6856

6856

December 14, 2012|Volume 18|Issue 46|

Chen L et al . TLR4 and TLR2 in Guangxi Zhuang population

in age and sex between the study group and the control
group. All patients and healthy controls gave informed
consent and the study was approved by the ethical committee of the institute.

INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic disorder caused by multiple factors in genetically susceptible
hosts, and includes ulcerative colitis (UC) and Crohn’s
disease (CD). The molecular basis of the pathogenesis is
not completely clear, but involves a complex interaction
of factors such as genetics, immunology, environment
and infection. The incidence of IBD in Western populations has increased with an estimated incidence of
0.10%-1.00% for UC and 0.35%-1.00% for CD during
the past few decades[1]. NOD2/CARD15 was the first
verified predisposing gene for CD, where three NOD2/
CARD15 polymorphisms, Arg702Trp, Gly908Arg and
Leu1007fsinsC, were found to be significantly associated
with CD in Caucasian populations[2,3]. Nevertheless, these
single nucleotide polymorphisms (SNPs) were not reported to be associated with CD in Japanese, and Hubei,
Zhejiang, or Hong Kong populations in China[4-7], thus,
their exact role in CD is controversial. Recently, genome
wide association studies, provided evidence for several
determinants including Toll-like receptor 2 (TLR2) and
TLR4[8]. TLR4 is upregulated in intestinal epithelial cells,
macrophages, and dendritic cells in patients with UC and
CD. In contrast, the expression of TLR2 is unchanged.
The Asp299Gly and Thr399Ile polymorphisms of the
TLR4 gene were shown to be associated with lipopolysaccharide hyporesponsiveness and with both CD and
UC in some studies [9,10]. The TLR2 gene Arg753Gln
polymorphism frequency is approximately 1%-4% in the
Caucasian population, significantly higher than that in
Indian patients with IBD[11].
In view of the discrepant data regarding the association between key regulatory genes and IBD susceptibility, the purpose of our study was to investigate whether
the known gene polymorphisms in TLR2 and TLR4
determine susceptibility to IBD in the Guangxi Zhuang
population from the Guangxi Zhuang Autonomous
Region. Guangxi has a large Zhuang population, where
genetic diseases and gene polymorphisms are unique.
Therefore, research on the relation between TLR2 and
TLR4 polymorphisms and IBD in Chinese Zhuang patients from the Guangxi Zhuang Autonomous Region is
needed.

DNA extraction and genotyping of the TLR4 and TLR2
polymorphisms
Genomic DNA was extracted according to the modified protocol of Taggart. The primers used to amplify
the TLR4 gene (Asp299Gly, Thr399 Ile) were designed
according to the National Center for Biotechnology Information gene database, NM_138554, and the TLR2
gene (Arg677Trp, Arg753Gln) with NM _003264 shown
in Table 1 (primers were synthesized in SHENGGONG
Biological Technology Co., Ltd., Shanghai, China).
Amplification was performed using H2O2 10.5 µL, 2
× Taq polymerase chain reaction (PCR) Master-mix 11.5
µL (TIANGEN), DNA 1 µL, and 1 µL in addition to
10 µmol/L of each primer in a total volume of 25 µL.
For Asp299Gly and Arg753Gln, cycle conditions were an
initial denaturation for 5 min at 95 ℃, followed by 28
cycles of denaturing at 95 ℃ for 40 s, annealing at 58 ℃
for 30 s, primer extension at 72 ℃ for 50 s, followed by
a final extension at 72 ℃ for 10 min. For Thr399Ile and
Arg677Trp, cycle conditions were an initial denaturation
for 5 min at 95 ℃, followed by 28 cycles of denaturing at 95 ℃ for 40 s, annealing at 62 ℃ for 40 s, primer
extension at 72 ℃ for 50 s, followed by a final extension
at 72 ℃ for 10 min (Thermo Electron Corporation,
Waltham, MA, United States). All the PCR products
were electrophoresed on a 1.5% agarose gel, with 1 ×
tris-borate-EDTA buffer, V = 100V for 30 min, and
visualized under ultraviolet illumination (Bio-Rad Gel
Doc-2000, United States).
Five µL PCR products of TLR4 gene (Asp299Gly,
Thr399Ile) and TLR2 gene (Arg677Trp，Arg753Gln) were
digested at 37 ℃ overnight with 0.5 µL (10 U) Nco Ⅰ,
Hinf Ⅰ, Aci Ⅰ, and Pst Ⅰ restriction enzymes (Fermentas),
respectively. After enzymatic digestion, the fragments
were separated and visualized by gel electrophoresis (2%
Yito Bio-Instrument Company Ltd., Shanghai, China).
PCR products of each SNP were purified with a PCR
purification kit (QIAGEN, Hilden, Germany) and were
sequenced using an ABI Prism 377 DNA sequencer (LIU
HE HUA DA GENE Technology Co, Ltd., Beijing,
China).

MATERIALS AND METHODS
Patients
The study group consisted of 146 IBD Zhuang patients
without genetic kinship enrolled in the Gastroenterology
Department, First Affiliated Hospital of Guangxi Medical University, from February 2007 to October 2011.
The control group included 164 healthy Zhuang subjects
without genetic kinship who were healthy individuals or
patients with functional dyspepsia, and did not have liver
or gastrointestinal diseases. All patients had a well-established diagnosis of UC or CD, according to standard
clinical criteria based on endoscopic and histopathological examinations. There were no significant differences

WJG|www.wjgnet.com

Statistical analysis
The genetic equilibrium was tested using Hardy-Weinberg. Allele and genotype frequencies in patients and
in controls were compared using the χ 2 test with SPSS
13.0, and P values were considered significant at a level
of < 0.05.

RESULTS
RFLP analysis was performed to assess the status of
SNPs in our samples after digestion with restriction enzymes (Figure 1).
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Table 1 Specific polymerase chain reaction primers and restriction enzymes for each single nucleotide polymorphism
Gene

Amino acid substitution

Sequence of primers( 5'→3')

TLR4

Asp299Gly

F-GATTAGCATACTTAGACTACTACCTCCATG
R-GATCAACTTCTGAAAAAGCATTCCCAC
F-GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA
R-ACCTGAAGACTGGAGAGTGAGTTAAATGCT
F-GCCTACTGGGTGGAGAACCTT
R-CCAGTTCATACTTGCACCACTC
F-CCTGGCAAGTGGATCATTGAC
R-GGCCACTCCAGGTAGGTCTT

Thr399Ile
TLR2

Arg677Trp
Arg753Gln

Fragments (bp)

Enzymes

249

NcoⅠ

406

HinfⅠ

199

AciⅠ

254

PstⅠ

TLR: Toll-like receptor.

A

B

600 bp

600 bp

406 bp

1

249 bp

1

2

3

3

100 bp

100 bp

M

C

2

M

D

600 bp

600 bp

254 bp

124 bp
1

2

3

1

2

3

100 bp
100 bp
M

75 bp
M

Figure 1 Polymerase chain reaction-restriction fragment length polymorphism analysis. A: Electrophoresis of Asp299Gly restriction fragment length polymorphism (AA type); B: Electrophoresis of Thr399Ile restriction fragment length polymorphism (CC type); C: Electrophoresis of Arg677Trp restriction fragment length
polymorphism (CC type); D: Electrophoresis of Arg753Gln restriction fragment length polymorphism (GG type). M: Marker; 1: Ulcerative colitis; 2: Crohn’s disease; 3:
Control.

TLR4 gene Asp299Gly PCR-RFLP
Nco Ⅰ restriction enzyme identified the sequence of
CCATGG. For the heterozygous type (AG), this could
be generated when digested with Asp299Gly and three
bands of 249 bp, 223 bp and 26 bp, where one chain
was cut, and the others were not. For the homozygous
type (GG), a transite to G, Nco Ⅰ identified the mutated
site, and the mutated DNA was visible as a double band
of 223 bp and 26 bp, whereas a single band of 249 bp
was observed in the wild type (AA), as the site was not
cut. In this study, only the wild type (AA) was detected,
and no other types (Figure 1A).

generated when digested with Thr399Ile and three bands
of 406 bp, 377 bp and 29 bp, where only one chain was
cut, and the others were not. For the homozygous type
(TT), C transite to T, Hinf Ⅰ identified the mutated site,
and the mutated DNA was visible as a double band of
377 bp and 29 bp, whereas a single band of 406 bp was
observed in the wild type (CC), as the site was not cut.
In this study, only the wild type (CC) was detected, and
no other types (Figure 1B).
TLR2 gene Arg677Trp PCR-RFLP
Aci Ⅰ restriction enzyme identified the sequence of
CCGC. For the heterozygous type (CT), this could be
generated when digested with Arg677Tr p and three
bands of 199 bp, 124 bp and 75 bp, where one chain
was cut, and the others were not. For the homozy-

TLR4 gene Thr399Ile PCR-RFLP
Hinf Ⅰ restriction enzyme identified the sequence of
GANTC. For the heterozygous type (CT), this could be
WJG|www.wjgnet.com
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CD and from 3%-15% in healthy controls[17]. Franchimont et al[10] reported that the TLR4 SNP was associated
with UC and CD in a Belgian study. This association
was in accordance with Dutch, Greek, Australian and
German populations with CD, and an association with
colonic disease has been described[18-21]. In one German
cohort, an association between the TLR4 Thr399Ile
SNP and UC was demonstrated[22]. However, because
of substantial heterogeneity between populations, no
association was noted in Scottish CD patients[23]. The
TLR2 gene Arg753Gln variant frequency was 9.4% in
Germany, and 1% in Spain[24], the TLR2 gene Arg677Trp
was 30.3% in Tunisia[25], where the difference was significant. In addition, Pierik et al[26] reported that an association was found between non-synonymous variants and
extensive colonic disease with UC and CD in the TLR2
genes.
In our study, we did not find mutations in TLR4
gene Asp299Gly, Thr399Ile and TLR2 gene Arg677Trp,
Arg753Gln in the Zhuang population with IBD. These
findings were different from those in Tunisia, Germany
and Spain. Our results showed that the TLR4 gene Asp299Gly, Thr399 Ile and TLR2 gene may not be associated
with IBD patients from the Guangxi Zhuang Autonomous Region of China. This is possibly due to the existence of racial and geographic differences.
The present study supports the notion that genetics,
immunology, environment and infection may be vital in
the pathogenesis of IBD. However, the heterogeneity in
the small number of available studies limited the ability
to draw conclusions. Further studies using a larger cohort of patients with IBD are warranted to identity the
risk factors and genetic susceptibility to IBD.

gous type (TT), C transite to T, the site was not cut by
Aci Ⅰ restriction enzyme, and a single band of 199 bp
was observed, for the wild type (CC), it identified the
site, and the DNA was visible as a double band of 124
bp and 75 bp. In this study, only the wild type (CC) was
detected, and no other types (Figure 1C).
TLR2 gene Arg753Gln PCR-RFLP
Pst Ⅰ restriction enzyme identified the sequence of
CTGCAG. For the heterozygous type (GA), this could
be generated when digested with Arg753Gln and three
bands of 254 bp, 214 bp and 40 bp, where one chain
was cut, and the others were not. For the homozygous
type (AA), G transite to A, Pst Ⅰ identified the mutated
site, and the mutated DNA was visible as a double band
of 214 bp and 40 bp, whereas a single band of 254 bp
was observed in the wild type (GG), as the site was not
cut. In this study, only the wild type (GG) was detected,
and no other types (Figure 1D).

DISCUSSION
UC and CD are multifactorial diseases of unknown
etiology. Despite being disorders of the gastrointestinal
tract, an abnormal immune response directed against the
gut microflora has been postulated as a possible explanation in genetically susceptible hosts[12].
Numerous studies have been performed on the frequency of NOD2/CARD15 mutations in IBD populations in Western Europe and Northern America. In CD
patients from Northern America or Western Europe,
allele frequencies ranged from 9.1%-12.9%, 6.6%-16.0%
and 3.3%-6.0% for Arg702Trp, 1007finsC, and Gly908Arg,
respectively[13]. Interestingly, a recent study reported lower
allele frequencies in Finnish IBD patients for all three
NOD2/CARD15 variants in CD patients compared with
the above-mentioned studies and similar frequencies in
patients with UC[14]. Additionally, in Asian IBD populations, NOD2/CARD15 variants were not detected at
all[4,5]. Thus, there is a need for more studies in different
populations with IBD. Human TLRs participate in the innate immune response and signal the activation of adaptive immunity. Therefore, these TLRs may be important
in autoimmune diseases such as IBD, rheumatoid arthritis
and systemic lupus erythematosus[15].
This is the first study to report the TLR4 (Asp299Gly,
Thr399Ile) and TLR2 (Arg677Trp, Arg753Gln) gene mutations in patients with IBD from the Guangxi Zhuang
population of China, where the ethnic background is
heterogeneous, and includes Han, Zhuang and Rao. In
this study, the mutation genotypes of the TLR4 gene
Asp299Gly, Thr399Ile and TLR2 gene Arg677Trp, Arg753Gln were not found in the Zhuang population with
IBD. Our results are in agreement with those from studies on Asian patients from Hong Kong, Hubei, Zhejiang,
Shanghai and Japan[4-7].
In recent years, several studies have reported divergent results[16]. The allele frequency of the Asp299Gly
variant ranges from 0%-10% in UC, from 8%-13% in
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The pathogenesis of inflammatory bowel disease (IBD) is not completely clear,
however, contributing factors may include immunology, genetics, environment
and infection. It has been reported that the NOD2/CARD15 polymorphisms
(single nucleotide polymorphisms, SNPs) were found to be associated with
Crohn’s disease (CD) in Caucasian populations. However, the SNPs were not
found to be associated with CD in Japan and China. In addition, the TLR2 and
TLR4 were reported to provide evidence for several determinants. The study
assessed whether the known gene polymorphisms in the toll-like receptor
2 (TLR2) and TLR4 genes determined susceptibility for IBD in the Guangxi
Zhuang population. Since Guangxi has a large Zhuang population, genetic diseases and gene polymorphisms are unique.

Research frontiers

TLR4 (Asp299Gly, Thr399Ile) and TLR2 (Arg677Trp, Arg753Gln) were found to
be associated with IBD in Tunisia, Germany and Spain, but not in Hong Kong,
Hubei, Zhengjiang, Shanghai and Japan. This is possibly due to the existence
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Applications
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TLR2 and TLR4 variants may be rare or non-existent in the Zhuang population
from the Guangxi Zhuang Autonomous Region of China.

Terminology
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TLRs play a key role in microbial recognition in innate immunity and control the
adaptive immune responses. Among the TLRs, TLR2 recognizes bacterial components such as lipoprotein, lipoteichoic acids, peptido-glycan and zymozan.
TLR4 requires CD14 to form the lipopolysaccharide (LPS) receptor. LPS, found
in the outer membrane of Gram-negative bacteria, is opsonized by LPS-binding
protein, and recognized by CD14. The LPS-LPS binding protein-CD14 complex
activates TLR4, which results in the activation of NF-κB. TLR2 and TLR4 gene
mutations or deletions can induce abnormal immune responses.

13
14

Peer review

15

This study demonstrates no association of TLR2 and/or TLR4 polymorphism
with IBD in a patient cohort within a restricted chinese population. Although this
is a “negative” result, it adds to the impact of genetic and/or ethnical predisposition to IBD.
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Abstract
Hepatocellular carcinoma (HCC) is difficult to eradicate
due to its resilient nature. Portal vein is often involved
in tumors of large size, which exclude the patient from
surgical resection and local ablative therapy, such as
percutaneous ethanol injection (PEI) and radiofrequency ablation (RFA) because they were considered
neither effective nor safe. Currently, there is almost
no effective treatment for HCC of such condition. As
a unique antitumor agent in form of lipophilic fluid for
local injection, para-toluenesulfonamide (PTS) produces mild side effects while necrotizing the tumor
tissues quickly and efficiently. Being largely different
from both PEI and RFA therapies, PTS can disseminate
itself in tumors more easily than other caustic agents,
such as alcohol. So PTS may offer additional benefit to
HCCs with vascular involvement. We herein describe
a 70-year-old HCC patient who was treated with the
combination of PTS injection and transcatheter arterial chemoembolization, resulting in a significantly improved clinical prognosis.

INTRODUCTION
Transcatheter arterial chemoembolization (TACE) has
become the standard treatment for unresectable hepatocellular carcinoma (HCC). Nonetheless, clinical
outcomes are often unsatisfactory, especially for recurrent cases. As a novel anticancer agent, para-toluenesulfonamide (PTS) is completely different from genetic,
classical chemical and molecular targeted drugs, and has
shown amazing antitumor effect in animal HCC experiment[1,2]. Primary pharmacological studies suggest that
PTS inhibits tumor growth by acting as a tumor necrotizing agent[1,2]. PTS may strengthen the effect of TACE
in advanced HCC. We herein report a patient with refractory HCC who was treated with PTS injection after
TACE, which resulted in a very good clinical prognosis.

CASE REPORT
The patient was a 70-year-old man. A mass was found
in his right lobe of the liver in May 2004. He refused
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to receive further diagnosis and treatment until January
2006 when he began to suffer from anorexia and dull
abdominal pain. Computer tomography (CT) detected
a large mass (about 9.5 cm × 8.5 cm × 8.5 cm) in the
right lobe of the liver with significant enhancement
(Figure 1A). Alpha-fetoprotein (AFP) level was > 1210
ng/mL. He was diagnosed with a histologically proven
HCC. Due to the large tumor size and invasion to the
portal vein, the patient underwent two rounds of TACE
with an interval of one month. The drugs used were
5fluoro2deoxyuridine (1.0 g), epirubicin (40 mg) and
lipiodol (10 mL). In May 2006, three months after the
second TACE, a routine postoperative CT scan found
a minimal decrease in tumor size with necrosis < 25%
(Figure 1B), while the AFP level was still > 1210 ng/mL.
The second angiography revealed hepatic artery-portal
vein fistula and hepatic arteriovenous fistula. Although
additional gelfoam pieces were used and the fistula disappeared after embolization, a poor prognosis was still
predicted. Consequently, PTS (Beijing Vision Drugs Development Ltd., Beijing, China) was used to enhance the
effect of TACE after informed consent was obtained
from the patient.
The mass was punctured percutaneously with a fine
needle under CT guidance. After the tip of the needle
was manipulated into the mass, about 10 mL of PTS
was injected intratumorally in a multi-point fashion. This
injection was repeated four times. The interval between
each procedure was between three and seven days according to the patient’s clinical condition. When all five
injections were completed, the AFP level dropped to
1106 ng/mL. Two months later, a routine follow-up CT
showed moderate improvement, no blood being supplied
to the tumor (Figure 2A), and the AFP level dropped
further down to 185 ng/mL. In an attempt to investigate the increased efficacy, PTS injections were repeated
three more times. Following a routine check two months
later, a CT examination of the abdomen demonstrated
complete deposit of oil and no signs of recurrence or
tumor embolism (Figure 2B). Furthermore, the AFP was
within the normal reference range (4.44 ng/mL).
The only side effect of this therapy was abdominal
pain, which occurred after the first two procedures, but
subsided shortly thereafter in approximately 10 min.
No other discomfort was noted post-procedurally. Four
years following the last PTS treatment, the patient exhibited no evidence of recurrence and no other abnormal
liver function serum values, and he had a normal serum
AFP level. The AFP level changes in the course of the
treatment are summarized in Table 1.

Table 1 Changes of alpha-fetoprotein in the course of therapy
Time (yr-mo)
2005-4
2006-1
2006-2
2006-5
2006-6
2006-8
2006-10
2008-6
2009-3
2010-4

533.8
> 1210
> 1210
> 1210
1106
185
4.44
2.69
3.84
3.86

TACE
Yes
Yes
No
No
No
No
No
No
No

PTS injections

5 times
3 times

A sharp decrease in alpha-fetoprotein (AFP) levels occurred right after
para-toluenesulfonamide (PTS) injections. The initial series of transcatheter arterial chemoembolization (TACE) failed to control the tumor (although the TACE’s effect on fistula embolization was irreplaceable). PTS
treatment appeared to be effective and well-tolerated. A 4-year follow-up
showed no sign of reoccurrence.

to a poor prognosis. In this report, the patient had received two sessions of TACE and embolized the fistula
successfully before admission. Although little effect was
got on HCC, the TACE did restrict the tumor’s growth
and metastasis that made it possible for PTS to eradicate
the tumor later. Due to the large tumor size and involvement of the portal vein, this lesion was inoperable,
and other local ablative therapies, such as percutaneous
ethanol injection, microwave coagulation therapy and
radiofrequency ablation (RFA) were considered neither
effective nor safe. Complications caused by these modalities may result in a high mortality rate. Therefore, we
attempted to treat the patient with the combined administration of PTS and TACE. Consequently, the patient’
s condition was significantly improved with satisfactory
tumor control and without severe complications.
Para-toluenesulfonamide (P-TSA) is the active ingredient in PTS. The P-TSA is a white, odorless, crystalline
substance that has a very low solubility in water. The
molecular formula is C7H9NO2S. The injection solution
is a clear, colorless, oil liquid with a characteristic odor
and contains 330 mg/mL P-TSA. PTS has been approved for clinical trial injection in both 3 mL ampoule
and 5 mL ampoule. Recommended storage temperature
is 25 ℃ (77°F), although a range of 10-35 ℃ (50-90°F)
is acceptable. Long-term exposure to light should be
avoided.
PTS produces mild side effects while necrotizing the
tumor tissues effectively and thoroughly. However, PTS
is still in the phase of clinical trial, and the mechanism
of the antitumor activity of PTS is still unclear. Primary
pharmacological studies suggest that PTS inhibits tumor
growth by acting as a tumor necrotizing agent[1,2].
It has been shown that PTS does not cause serious
side effects that have been observed frequently in conventional chemotherapy and locoregional therapy (e.g.,
RFA, alcohol injection, etc.), such as fever, bone marrow
suppression, stomach discomfort, hemorrhage, needletrack seeding, lesion abscess , liver failure, biloma, biliary

DISCUSSION
Despite the fact that TACE has become the standard
treatment for unresectable HCC, it is frequently unsuccessful. Rate of local recurrence following tumor resection is also unacceptably high [3-6]. In addition, TACE
alone fails to control the tumor completely, often leading
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Figure 1 Transcatheter arterial chemoembolization had little effect on the
hepatocellular carcinoma, but restrict the size of tumor mass. A: Contrast
computer tomography (CT) before the procedure showed a huge hypodense
mass with remarkable enhancement and portal vein embolus; B: Two months
after the initial 2 series of transcatheter arterial chemoembolization, contrast
CT still found a hypodense nodule with partial contrast enhancement and portal
vein invasion.

Figure 2 The following para-toluenesulfonamide injections resulted in a
significantly improved clinical prognosis. A: Contrast computer tomography
(CT) after the first 5 para-toluenesulfonamide (PTS) injections demonstrated a
decreased nodule with partial retention of lipiodol. Remarkable necrosis and no
blood supply were found in the rest part of the tumor; B: Two months after the
last 3 PTS injections, contrast CT revealed homogeneous dense retention of
lipiodol within the entire tumoral mass and no recurrent lesion was identified.

stricture, portal vein thrombosis, and hemothorax[7-9]. Because most anticancer drugs are corrosive and extremely
toxic, they will destroy both cancer cells and normal cells
when given locally at high concentrations. PTS is a local
therapeutic drug that is injected directly into the tumors
and has been shown to cause selectively necrosis in a
variety of cancers with minimal damage to normal tissues[2,10].
Local ablative therapies share similar difficulties with
surgical resection. The size, site and number of tumors,
vascular and extrahepatic involvement as well as liver
function of the patient pose a relatively minor effect on
the usage of PTS[8,9]. PTS is a more readily available alternative to the local ablative therapies.
PTS, in form of lipophilic fluid, kills tumor cells by a
rodent mode. Local and intratumoral injection is the optimal route of PTS delivery. Being largely different from
both alcohol and RFA therapies, PTS can disseminate itself in tumors more easily than other caustic agents, such
as alcohol. Therefore, a successful PTS administration is
to approach to the anatomically dangerous or hard-toreach areas and diffuse to the target area and induce injury to the tumor tissues. This might be the mechanism
as to why PTS combined with TACE could effectively
treat the HCC with vascular invasion. As a locoregional
antitumor agent, PTS is safe[1,2,10]. But up to date, PTS

is still only a locally-used antitumor agent. It is intended
mainly for the treatment of a limited number of detectable tumors. PTS is not suitable to be used alone for the
treatment of multifocal HCCs.
This case report demonstrated that PTS is effective
in treating liver cancers by intratumoral injection, which
was hypothesized to enhance the effect of TACE. This
combined therapy may prove to be useful in the treatment of patients with refractory and recurrent HCC.
Therefore, subsequent large, multi-center, randomized
controlled studies are needed to facilitate the introduction of PTS as a novel modality for the treatment of
cancers.
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New Orleans, LA 70166,
United States

July 25-26, 2012
PancreasFest 2012
Pittsburgh, PA 15260, United States

April 20-22, 2012
Diffuse Small Bowel and Liver
Diseases
Melbourne, Australia

September 1-4, 2012
OESO 11th World Conference
Como, Italy

April 22-24, 2012
EUROSON 2012 EFSUMB Annual
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September 6-8, 2012
2012 Joint International



Neurogastroenterology and Motility
Meeting
Bologna, Italy
September 7-9, 2012
The Viral Hepatitis Congress
Frankfurt, Germany
September 8-9, 2012
New Advances in Inflammatory
Bowel Disease
La Jolla, CA 92093, United States
September 8-9, 2012
Florida Gastroenterologic Society
2012 Annual Meeting
Boca Raton, FL 33498, United States
September 15-16, 2012
Current Problems of
Gastroenterology and Abdominal
Surgery
Kiev, Ukraine
September 20-22, 2012
1st World Congress on Controversies
in the Management of Viral Hepatitis
Prague, Czech
October 19-24, 2012
American College of
Gastroenterology 77th Annual
Scientific Meeting and Postgraduate
Course
Las Vegas, NV 89085, United States
November 3-4, 2012
Modern Technologies in
Diagnosis and Treatment of
Gastroenterological Patients
Dnepropetrovsk, Ukraine
November 4-8, 2012
The Liver Meeting
San Francisco, CA 94101,
United States
November 9-13, 2012
American Association for the Study
of Liver Diseases
Boston, MA 02298, United States
December 1-4, 2012
Advances in Inflammatory Bowel
Diseases
Hollywood, FL 33028, United States
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INSTRUCTIONS TO AUTHORS
evidence and correct conclusion; and (4) Maximization of the benefits of employees: It is an iron law that a first-class journal is unable to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in
an open, fair and transparent environment, could contribute their
wisdom to edit and publish high-quality articles, thereby realizing the maximization of the personal benefits of editorial board
members, authors and readers, and yielding the greatest social and
economic benefits.

GENERAL INFORMATION

World Journal of Gastroenterology (World J Gastroenterol, WJG, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
weekly, open-access (OA), peer-reviewed journal supported by an
editorial board of 1352 experts in gastroenterology and hepatology from 64 countries.
The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle
that traditional journals possess and usually delays the speed
of the propagation and communication of scientific research
results. The open access model has been proven to be a true approach that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.

Aims and scope
The major task of WJG is to report rapidly the most recent results in basic and clinical research on esophageal, gastrointestinal,
liver, pancreas and biliary tract diseases, Helicobacter pylori, endoscopy and gastrointestinal surgery, including: gastroesophageal
reflux disease, gastrointestinal bleeding, infection and tumors;
gastric and duodenal disorders; intestinal inflammation, microflora and immunity; celiac disease, dyspepsia and nutrition; viral
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver
transplantation, and metabolic liver disease; molecular and cell
biology; geriatric and pediatric gastroenterology; diagnosis and
screening, imaging and advanced technology.

Maximization of personal benefits
The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist, and build an important bridge for communication between
scientists and the public. As we all know, the significance of the
publication of scientific articles lies not only in disseminating and
communicating innovative scientific achievements and academic
views, as well as promoting the application of scientific achievements, but also in formally recognizing the “priority” and “copyright” of innovative achievements published, as well as evaluating
research performance and academic levels. So, to realize these
desired attributes of WJG and create a well-recognized journal, the
following four types of personal benefits should be maximized.
The maximization of personal benefits refers to the pursuit of the
maximum personal benefits in a well-considered optimal manner
without violation of the laws, ethical rules and the benefits of others. (1) Maximization of the benefits of editorial board members:
The primary task of editorial board members is to give a peer review of an unpublished scientific article via online office system to
evaluate its innovativeness, scientific and practical values and determine whether it should be published or not. During peer review,
editorial board members can also obtain cutting-edge information
in that field at first hand. As leaders in their field, they have priority to be invited to write articles and publish commentary articles.
We will put peer reviewers’ names and affiliations along with the
article they reviewed in the journal to acknowledge their contribution; (2) Maximization of the benefits of authors: Since WJG is
an open-access journal, readers around the world can immediately
download and read, free of charge, high-quality, peer-reviewed
articles from WJG official website, thereby realizing the goals and
significance of the communication between authors and peers as
well as public reading; (3) Maximization of the benefits of readers:
Readers can read or use, free of charge, high-quality peer-reviewed
articles without any limits, and cite the arguments, viewpoints,
concepts, theories, methods, results, conclusion or facts and data
of pertinent literature so as to validate the innovativeness, scientific
and practical values of their own research achievements, thus ensuring that their articles have novel arguments or viewpoints, solid
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Columns
The columns in the issues of WJG will include: (1) Editorial: To
introduce and comment on major advances and developments in
the field; (2) Frontier: To review representative achievements, comment on the state of current research, and propose directions for
future research; (3) Topic Highlight: This column consists of three
formats, including (A) 10 invited review articles on a hot topic, (B)
a commentary on common issues of this hot topic, and (C) a commentary on the 10 individual articles; (4) Observation: To update
the development of old and new questions, highlight unsolved
problems, and provide strategies on how to solve the questions;
(5) Guidelines for Basic Research: To provide guidelines for basic
research; (6) Guidelines for Clinical Practice: To provide guidelines
for clinical diagnosis and treatment; (7) Review: To review systemically progress and unresolved problems in the field, comment
on the state of current research, and make suggestions for future
work; (8) Original Article: To report innovative and original findings in gastroenterology; (9) Brief Article: To briefly report the
novel and innovative findings in gastroenterology and hepatology;
(10) Case Report: To report a rare or typical case; (11) Letters to the
Editor: To discuss and make reply to the contributions published
in WJG, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment on
quality monographs of gastroenterology and hepatology; and (13)
Guidelines: To introduce consensuses and guidelines reached by
international and national academic authorities worldwide on basic
research and clinical practice gastroenterology and hepatology.
Name of journal
World Journal of Gastroenterology
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ISSN and EISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects (n).
Losses in observations, such as drop-outs from the study should
be reported; (4) Values such as ED50, LD50, IC50 should have
their 95% confidence limits calculated and compared by weighted
probit analysis (Bliss and Finney); and (5) The word ‘significantly’
should be replaced by its synonyms (if it indicates extent) or the P
value (if it indicates statistical significance).

Editor-in-Chief
Ferruccio Bonino, MD, PhD, Professor of Gastroenterology,
Director of Liver and Digestive Disease Division, Department of
Internal Medicine, University of Pisa, Director of General Medicine
2 Unit University Hospital of Pisa, Via Roma 67, 56124 Pisa, Italy

Conflict-of-interest statement
In the interests of transparency and to help reviewers assess any
potential bias, WJG requires authors of all papers to declare any
competing commercial, personal, political, intellectual, or religious
interests in relation to the submitted work. Referees are also asked
to indicate any potential conflict they might have reviewing a
particular paper. Before submitting, authors are suggested to read
“Uniform Requirements for Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting
of Research: Conflicts of Interest” from International Committee
of Medical Journal Editors (ICMJE), which is available at: http://
www.icmje.org/ethical_4conflicts.html.
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding
from [names of organization]. [Name of individual] is an employee of [name of organization]. [Name of individual] owns stocks
and shares in [name of organization]. [Name of individual] owns
patent [patent identification and brief description].

Myung-Hwan Kim, MD, PhD, Professor, Head, Department
of Gastroenterology, Director, Center for Biliary Diseases, University
of Ulsan College of Medicine, Asan Medical Center, 388-1 Pungnap2dong, Songpa-gu, Seoul 138-736, South Korea
Kjell Öberg, MD, PhD, Professor, Department of Endocrine
Oncology, Uppsala University Hospital, SE-751 85 Uppsala, Sweden
Matt D Rutter, MBBS, MD, FRCP, Consultant Gastroenterologist, Senior Lecturer, Director, Tees Bowel Cancer Screening Centre,
University Hospital of North Tees, Durham University, Stocktonon-Tees, Cleveland TS19 8PE, United Kingdom
Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of
Medicine, Chief Gastroenterology, VA Long Beach Health Care
System, University of California, Irvine, CA, 5901 E. Seventh Str.,
Long Beach, CA 90822, United States
Editorial office
World Journal of Gastroenterology
Editorial Department: Room 903, Building D,
Ocean International Center,
No. 62 Dongsihuan Zhonglu,
Chaoyang District, Beijing 100025, China
E-mail: wjg@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-59080039
Fax: +86-10-85381893

Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).

Indexed and abstracted in
Current Contents®/Clinical Medicine, Science Citation Index
Expanded (also known as SciSearch®), Journal Citation Reports®,
Index Medicus, MEDLINE, PubMed, PubMed Central, Digital
Object Identifier, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2011 Impact Factor: 2.471 (32/74 Gastroenterology and Hepatology).

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical Trials;
UK Medicines Research Council Guidelines for Good Clinical
Practice in Clinical Trials) and/or the World Medical Association
Declaration of Helsinki. Generally, we suggest authors follow
the lead investigator’s national standard. If doubt exists whether
the research was conducted in accordance with the above standards, the authors must explain the rationale for their approach
and demonstrate that the institutional review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints
of the authors except where indicated otherwise.
Biostatistical editing
Statistical review is performed after peer review. We invite an expert in Biomedical Statistics to evaluate the statistical method used
in the paper, including t-test (group or paired comparisons), chisquared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
etc. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
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of the version to be published. Authors should meet conditions 1,
2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization
should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online. For assistance, authors encountering problems with the Online Submission System may send an email describing the problem to wjg@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g. Telephone: +86-10-59080039 Fax: +86-10-85381893
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.
Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis
and interpretation of data; (2) drafting the article or revising it
critically for important intellectual content; and (3) final approval
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Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
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Text
For articles of these sections, original articles and brief articles, the main text should be structured into the following sections: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm.

cording to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability[1,2]”. If references are cited
directly in the text, they should be put together within the text, for
example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself.
File names should identify the figure and panel. Avoid layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the printed and E-versions.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be
used in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.
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Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).

Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic
numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
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inflammation and cancers
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rived prostaglandin E2 in a cyclic adenosine monophosphate (cAMP)/protein kinase A (PKA)-dependent manner in CRC cells. The cAMP/PKA signaling pathway is the
common pathway of NR4A2-related inflammation and
cancer. NR4A2 trans-activates osteopontin, a direct target of the Wnt/β-catenin pathway associated with CRC
invasion, metastasis, and poor prognosis. Knockdown
of endogenous NR4A2 expression attenuates VEGF-induced endothelial cell proliferation, migration and in vivo
angiogenesis. Taken together, NR4A2 emerges as an
important nuclear factor linking gastrointestinal inflammation and cancer, especially CRC, and should serve as
a candidate therapeutic target for inflammation-related
gastrointestinal cancer.
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Abstract

Key words: NR4A2; Inflammation; Immune cells; Signaling pathway; Gastrointestinal carcinoma

NR4A2 is a transcription factor belonging to the steroid
orphan nuclear receptor superfamily. It was originally
considered to be essential in the generation and maintenance of dopaminergic neurons, and associated with
neurological disorders such as Parkinson’s disease. Recently, NR4A2 has been found to play a critical role in
some inflammatory diseases and cancer. NR4A2 can be
efficiently trans-activated by some proinflammatory cytokines, such as tumor necrosis factor-α, interleukin-1β,
and vascular endothelial growth factor (VEGF). The nuclear factor-κB signaling pathway serves as a principal
regulator of inducible NR4A expression in immune cells.
NR4A2 can trans-activate Foxp3, a hallmark specifically
expressed in regulatory T (Treg) cells, and plays a critical role in the differentiation, maintenance, and function
of Treg cells. NR4A2 in T lymphocytes is pivotal for Treg
cell induction and suppression of aberrant induction of
Th1 under physiological and pathological conditions.
+
High density of Foxp3 Treg cells is significantly associated with gastrointestinal inflammation, tumor immune
escape, and disease progression. NR4A2 is produced at
+
high levels in CD133 colorectal carcinoma (CRC) cells
and significantly upregulated by cyclooxygenase-2-de-
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INTRODUCTION
A quarter of cancer-related deaths worldwide are currently associated with chronic inflammation [1]. Most
malignancies in the digestive system such as colorectal
carcinoma (CRC), gastric cancer and hepatocellular carcinoma belong to the inflammation-related cancers[2-5]. The
type of inflammation related to these cancers is chronic
inflammation, or more precisely, nonresolving inflammation. The development and progression of these tumors
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cyte differentiation, leading to repressed adipogenesis[17].
NR4A1 and NR4A2 can form heterodimers with retinoic
acid receptor and influence retinoid signaling and Th17
cell differentiation[18,19].
NR4A2 has been previously linked to neurological
diseases because of its essential role in the generation
and maintenance of dopaminergic neurons in the brain.
Gene encoding NR4A2 may be susceptibility gene for
neurological diseases such as Parkinson’s disease, schizophrenia, and manic depression. Homozygous NR4A2
knockout mice have severe impairments in midbrain
neuronal development and dopamine expression, and die
soon after birth[20]. However, the horizontal and vertical
movement of the heterozygous NR4A2 knockout mice
is impaired by the reduction in brain dopamine[21]. The
most important event in downregulating NR4A2 expression in brain tissues is mutations, such as missense mutations in exon 3, and point mutations in exon 1 of NR4A2
have been reported in disorders related to dopaminergic
dysfunction such as schizophrenia, manic depression, and
familial Parkinson’s disease[22-24]. In recent years, however,
more researches have focused on the relationship between NR4A2 and inflammation.

in the digestive system are accompanied by angiogenesis,
release of inflammatory cytokines and/or chemokines,
and recruitment of immune cells in the tumor microenvironment. Apart from some infectious agents such as
hepatitis B virus and Helicobacter pylori, inflammation-related molecules and their related inflammatory networks
play important roles in the development of this group of
cancers. However, it is clear that a single or even a few
molecules are unable to represent the inflammatory predisposition of a given cancer. In the inflammation-related
cancers, inflammatory molecules do not function in isolation, but interact with one another to form inflammatory
networks. A small number of highly connected protein
nodes (known as hubs) in the inflammatory network may
have high probabilities of engaging in essential biological
functions. In our previous work on screening hub genes
associated with liver metastasis of gastric cancer, we
identified NR4A2, one of the hub genes related to gastric
cancer malignant phenotype[6]. Here, we summarize the
role of NR4A2 in inflammation and cancer.
NR4A2 (also known as NOT, TINUR, RNR-1,
HZF-3 and Nurr1) maps to chromosome 2q22-23 and
is a transcription factor belonging to the steroid nuclear
hormone receptor superfamily. This superfamily also
includes two other members, NR4A1 (also known as
HMR, N10, TR3, NP10, GFRP1, NAK-1, NGFIβ and
Nur77) and NR4A3 (also known as CHN, TEC, CSMF,
MINOR and NOR1)[7]. Their ligand-binding pockets are
hidden by bulky amino acids, therefore, the three nuclear
factors belong to an orphan receptor subfamily. All
three subfamily members bind to a consensus sequence
AAAGGTCA as monomers or to palindromic DNA
binding motif sequence TDATATTTX6AAATGCCA as
homodimers. Expression of each family member alone
is sufficient to activate the above sequence-directed transcriptional activities, indicating that the family members
are constitutive orphan steroid receptors that do not require ligands for activation[8]. The three nuclear receptors
have also been implicated in cell cycle regulation, energy
metabolism, apoptosis, inflammation and carcinogenesis.
They are important for apoptosis in lymphocytes and
other cell types[9-12] and for the differentiation of dopaminergic neurons[13]. NR4A1 and NR4A3 have been shown
to be involved in apoptosis-related pathways. NR4A1 has
been reported to play either an antiapoptotic or proapoptotic function depending on cell types. NR4A3 has been
reported to play a partly redundant functional role with
NR4A1 in inducing T-cell apoptosis[9]. Knocking out
both NR4A1 and NR4A3 in mice leads to rapid postnatal
development of acute myeloid leukemia (AML), indicating that they function as potent tumor suppressors[14,15].
Meanwhile, the three NR4A receptors are transcriptional
regulators of hepatic glucose metabolism and lipid metabolism. NR4As function as novel branches of cyclic
adenosine monophosphate (cAMP)-dependent regulators
of hepatic glucose production under healthy and diabetic
conditions. Activated NR4A1 and NR4A3 elevate the
production of blood glucose[16]. NR4As inhibits adipo-
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NR4A2 AND INFLAMMATION
NR4A2 and immune cells
Immune cells are essential in controlling the inflammatory response. T and B lymphocytes, macrophages,
neutrophils, and mast cells are all important in the maintenance of chronic inflammation and play active roles in
the initiation and progression of inflammation-related
cancers. Cytotoxic CD8+ T lymphocytes and CD4+ T
helper lymphocyte subpopulations [Th1, Th2, Th17, and
regulatory T (Treg) cells] play key roles in balancing cancer-promoting inflammation and antitumor immunity in
the tumor microenvironment. Imbalances in Th1/Th2,
neutrophil/CD8+ T cells, and CD8+ T cell/Treg cell in
tumors or adjacent tissues, high density of intratumoral
macrophage infiltration, as well as high circulating neutrophil-to-lymphocyte ratio are associated with the prognosis of cancer patients[25]. Recently, NR4A2 has been
found to function as a critical regulator in T lymphocytes,
macrophages, mast cells and even fibroblasts.
Treg cells (CD4 +CD25 +Foxp3 +) inhibit immune
responses by suppressing CD8+ T cell or Th1 cell function, playing an important role in maintaining immune
homoeostasis. Foxp3, a hallmark of Treg cells, is specifically expressed in Treg cells and plays a critical role in the
differentiation, maintenance and effector functions of
these cells. Foxp3 has recently been identified as a direct
target of NR4A2. The -209 to +12 promoter region of
Foxp3 encoding region has been confirmed to be the
minimal responsive region to NR4A2. NR4A2 regulate
CD4+ T cells by inducing Foxp3 and strongly repressing
Th1 cytokine production, such as interleukin (IL)-2 and
interferon (IFN)-γ. NR4A2 in T cell is pivotal for Treg
cell induction and suppression of aberrant induction of
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Th1 under physiological and pathological conditions.
Deletion of NR4A2 in T cells attenuates the induction
of Treg cells and causes aberrant induction of Th1, leading to exacerbation of colitis. Both IFN-γ and IL-17 are
apparently repressed under Th1 and Th17 conditions,
respectively, and Foxp3 can be induced under Th1 and
Th17 conditions by NR4A2[26]. Thus, NR4A2 is crucial in
lineage maintenance and effector functions of Treg cells
and in regulation of the Th1/Treg balance, contributing
to immune homoeostasis (Figure 1A).
Macrophages can be divided into two main classes:
M1 and M2. M1 macrophages (classically activated) originate upon encounter with IFN-γ and microbial stimuli
and are characterized by IL-12 production and consequent activation of a polarized type I T cell response,
fighting against tumors, producing high amounts of
inflammatory cytokines, and activating adoptive immunity. M2 macrophages are responsible for angiogenesis,
remodeling and repair of wounded tissues, and promote
carcinogenesis and downregulate M1 function. NR4As
are highly inducible in macrophages by diverse inflammatory stimuli. Treatment of macrophages with lipopolysaccharide, cytokines, or oxidized lipids triggers the
transcriptional induction of NR4A expression. NR4A2
is an intermediate maker for macrophage activation[27].
The nuclear factor (NF)-κB signaling pathway is a principal mediator of inducible NR4A expression in macrophages[28]. NR4A2 is a target of macrophage migration
inhibitory factor (MIF) signaling and plays an active role
in regulating mitogen-activated protein kinase (MAPK)
phosphatase 1, a critical MAPK signaling inhibitor[29].
NR4A2 may serve as a potential transcriptional mediator
of inflammatory signals in activated macrophages. However, it is necessary to define the difference in NR4A2
expression between M1 and M2; the two functionally different macrophages.

lished disease model to study the mechanism by which
NR4A2 is involved in the process of chronic inflammation. NR4A2 expression is markedly higher in synovial
tissue of patients with rheumatoid arthritis compared
with normal subjects. The high expression of NR4A2 is
caused by the stimulation of some proinflammatory cytokines, such as tumor necrosis factor (TNF)-α, IL-1β and
prostaglandin E2 (PGE2). Ectopic expression of NR4A2
induced by TNF- α in normal synoviocytes significantly increases cell proliferation and survival, promotes
anchorage-independent growth, and induces migration
and invasion[33]. The trans-activation of NR4A2 by these
cytokines and molecules depends on distinctive subunit
binding to the NR4A2 promoter. IL-1β and TNF-α
trans-activate the NR4A2 via a proximal promoter region
that contains a consensus NF-κB DNA-binding motif.
IL-1β- and TNF-α-induced NF-κB binding to this site
is due predominantly to p65-p50 heterodimer and p50
homodimer complexes[34]. NR4A2 robustly promotes
IL-8 expression via co-operating with the NF-κB/p65
subunit in the presence of TNF-α in human inflammatory disease[35]. NR4A2 and TNF-α also synergistically
induce matrix metalloproteinase (MMP)-13 protein
which is a critical enzyme for the degradation of type Ⅱ
collagen molecules[36]. NR4A2 trans-activates MMP-13
by directly targeting the proximal region of the MMP-13
promoter[33]. PGE2 signaling leads to the phosphorylation
of CREB transcription factors, which can, in turn, bind
to the NR4A2 promoter region -171/-163 and activate
transcription. PGE2 can repress IL-1β-induced MMP-1
and activate NR4A2 expression. Meanwhile, NR4A2
antagonizes the progression of IL-1β-induced MMP-1
in osteoarthritic cartilage[37]. In human synovial tissue,
corticotropin-releasing hormone (CRH) also can induce
the expression of NR4A2, which in turn upregulates
CRH gene expression. NR4A2 is a downstream effector molecule in the modulation of endothelial function
by CRH signaling[38]. Thus, NR4A2 as a mediator of an
autocrine inflammatory cascade to amplify the inflammatory response participate in the CRH-receptor-mediated
signaling in synovial tissue via the cAMP/CREB pathway.
Figure 1B depicts the potential role of NR4A2 on the development of autoimmune diseases (MS and rheumatoid
arthritis) and neurodegenerative diseases like Parkinson’s
disease.

NR4A2 and autoimmune diseases
NR4A2 plays either a proinflammatory or anti-inflammatory role. The conflicting roles of NR4A2 depend on
the type of immune disorders. Multiple sclerosis (MS) is
an autoimmune disease mediated by Th17 and Th1 cells
in the central nervous system (CNS). In an animal model
of MS, NR4A2 is selectively upregulated in T cells isolated from the CNS, while forced expression of NR4A2
augments promoter activities of IL-17 and IFN-γ genes,
leading to excess production of these cytokines[30]. In
contrast, NR4A2 can also exert anti-inflammatory and
neuroprotective effects by docking to NF-κB/p65 on
target inflammatory gene promoters in an NR4A2/CoREST transrepression pathway in microglia and astrocytes,
leading to protection of dopaminergic neurons from
inflammation-induced death[31]. Furthermore, NR4A2 is
a key downstream mediator of cAMP response elementbinding protein (CREB)-induced neuroprotection after
insults leading to excitotoxic and oxidative stress[32].
Chronic inflammation is a hallmark of rheumatoid
arthritis and osteoarthritis. The arthritis is a well-estab-

WJG|www.wjgnet.com

NR4A2 AND GASTROINTESTINAL
CANCER
NR4A2 promotes proliferation of cancer cells
NR4A2 and endothelin-1 are expressed at a significantly
higher level in the CD133+ fraction than the CD133fraction of colon cancer cells. The overexpression of
CD133, NR4A2, and endothelin-1 is also evident in human colon cancer specimens compared to normal tissues.
Furthermore, effective knockdown of CD133 protein is
associated with a parallel reduction of NR4A2 and endothelin-1 protein, indicating the existence of a functional
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Figure 1 Potential role of NR4A2. A: Potential role of NR4A2 in immune homoeostasis; B: Potential role of NR4A2 in development of autoimmune diseases (MS
and rheumatoid arthritis) and neurodegenerative diseases; C: Potential role of NR4A2 in development of colorectal carcinoma. →: Promote; ⊥: Inhibit; +: NR4A2 upregulated in these tissues/cells. MIF: Migration inhibitory factor; NF: Nuclear factor; cAMP: Cyclic adenosine monophosphate; CREB: cAMP response element-binding
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relationship between CD133, NR4A2 and endothelin-1
expression in colon cancer cells[39]. NR4A2 is involved in
anchorage-independent growth of cancer cells and plays
a significant role in mediating thromboxane A2 receptor
induced cell proliferation and transformation in several
cancer cell lines[11,40]. NR4A2 also plays a key role as a
transcriptional integration point between the eicosanoid
and fatty acid metabolic pathways involving in energy utilization via fatty acid oxidation, thus facilitating CRC cell
survival and growth[41]. These results indicate that NR4A2
expressed in cancer cells might play an active role in promoting the initiation and progression of CRC.

in CRC. Some evidence indicates that PGE2 plays a prooncogenic role in CRC progression. PGE2 stimulation
of the human EP1 receptor upregulates the expression
of NR4A2 by a mechanism involving the sequential activation of the Rho, protein kinase A (PKA), CREB and
NF-κB signaling pathways[44]. NR4A2 is an immediate
early gene induced by PGE2 in a cAMP/PKA-dependent
manner in CRC cells. NR4A2 can stimulate progression
of CRC downstream from COX-2-derived PGE 2[45].
The common pathway of NR4A2-related inflammation
and cancer is the cAMP/PKA signaling pathway. The
cAMP/PKA signaling pathway plays a critical role not
only in inflammation but also in carcinogenesis[46-48]. It
has been proven that cAMP/PKA can activate CREBdependent reporter gene expression in gastric cancer cell
lines[49]. Through cAMP/PKA activation, PGE2 stabilizes
the complex of PI3K/Ras to inhibit cell apoptosis in
colon cancer cell lines[50]. The proximal promoter region
of NR4A2 contains a CREB-binding site by which this
transcriptional factor participates in cAMP-mediated induction[32]. However, the cAMP/PKA pathway is not the
only way by which NR4A2 participate in the progression
of CRC. PGE2 either modulates the β-catenin signaling
axis, a key pathway for colorectal tumorigenesis, or act via
NR4A2[51]. PGE2 can induce the expression of NR4A2
and two target genes of Wnt/β-catenin: vascular endothelial growth factor (VEGF) and cyclin D1. NR4A2

NR4A2-related inflammatory pathways in gastrointestinal
cancers
CRC is closely related to inflammation, because regular
use of nonsteroidal anti-inflammatory drugs (NSAIDs)
reduces relative risk of developing CRC by 30% [42].
NSAIDs inhibit cyclooxygenase (COX) enzymes and
prostaglandin synthases, which are key components in
the arachidonic acid metabolism pathway. The main
mechanism of action of NSAIDs on CRC is to inhibit
COX-2, the inducible isoform of the COX enzyme.
COX-2 is upregulated in inflammation and cancer, resulting in the production of PGE2 which binds to and
activates G-protein-coupled prostaglandin E receptor 1
(EP1)[43]. COX-2-derived PGE2 is produced at high levels
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protein can be regulated by Wnt signaling[52]. Meanwhile,
NR4A2 and Wnt signaling are sequentially repressed after
blockade of COX-2 activity, with NR4A2 inhibition occurring in the first few hours of the treatment, whereas
repression of the Wnt/β-catenin pathway happens a few
days later. This change might be associated with COX-2
inhibitor-induced downregulation of osteopontin (OPN)
whose high expression level significantly correlates with
advancing tumor stage in human CRC[53]. OPN, a marker
of colon cancer progression, is a direct target of Wnt/
β-catenin pathway. Furthermore, NR4A2 trans-activates
OPN by directly binding to the NR4A2 response element
at the OPN promoter[54]. OPN is involved in the development of various inflammatory conditions[55] and also
play a pivotal role in carcinogenesis and metastasis of
digestive system cancer, such as gastric cancer and hepatocellular carcinoma. High expression of OPN in tumors
is associated with tumor invasion, metastasis, and poor
prognosis in gastric cancer and CRC[53,56]. Downregulation of OPN, probably through blockade of NR4A2 and
Wnt signaling, is an important component of the antitumor activity of COX-2 inhibitors[57]. VEGF potently and
rapidly induces expression of NR4A2 mRNA, protein
and its promoter activity in endothelial cells. Deletion
of the putative CREB site in the proximal region of the
NR4A2 promoter markedly reduces VEGF-induced
promoter activity. VEGF also stimulates the binding
of nuclear CREB protein to its site in the NR4A2 promoter. Knockdown of endogenous NR4A2 expression
attenuates VEGF-induced endothelial cell proliferation,
migration and in vivo angiogenesis[58]. The growth and metastasis of cancer cells rely on angiogenesis, and VEGF is
an important angiogenic factor. It has been reported that
VEGF is highly expressed in gastrointestinal cancers and
plays a pivotal role in tumor angiogenesis, tumor growth,
and metastasis[59-61]. The correlation among the expression levels of OPN, COX-2 and VEGF in gastric cancer
indicates that OPN, COX-2, and VEGF synergistically
promote angiogenesis and metastasis[62]. The three molecules are all closely related to NR4A2. The NF-κB signaling pathway serves as a principal regulator of inducible
NR4A expression in some chronic inflammation, while
NF-κB pathway plays a major function in CRC development and progress[63]. These results indicate that aberrant
expression of NR4A2 provokes several inflammation-related signaling pathways and promotes the development
and progression of gastrointestinal cancers. Figure 1C
depicts the potential role of NR4A2 on the development
of CRC.

predicting CRC prognosis, the NR4A2-related Th lymphocytes are closely linked to adverse outcome of CRC
patients. Foxp3+ and CD3+ T-cell densities are increased
in CRC tissues compared with autologous normal mucosa. Furthermore, a low CD3+/Foxp3+ cell ratio and
low numbers of CD3+ T cells in tumors predict shorter
disease-free survival and are stronger prognostic variables
than tumor stage or number of lymph node metastases[66]. The density of Foxp3+ Treg cells in tumor draining
lymph nodes (TDLNs) is dramatically higher than that
in peripheral blood lymphocytes, but significantly lower
than that in tumor-infiltrating lymphocytes. Foxp3+ Treg
cells in TDLNs are more correlated with disease progression and potentially influence CD8+ T-cell functions[67].
A new Treg cell population, CD8+CD25+Foxp3+cells,
has been found in CRC tissues. IL-6 and transforming
growth factor-β1 can synergistically induce the generation of these new Treg cells that may contribute to tumor
immune escape and disease progression[68]. The CRC
patients with high expression of the Th17 cluster have
a poor prognosis, whereas patients with high expression
of the Th1 cluster have prolonged disease-free survival,
thus functional Th1 and Th17 clusters yield opposite effects on patient survival in CRC[69]. Th17 and Treg cells
accumulate in the tumor microenvironment of early
gastric cancer and then infiltration of Treg cells gradually
increases according to disease progression, in contrast to
Th17 cells[70]. Significantly more Foxp3+ Treg cells accumulate in gastric tumors. The elevated Foxp3 expression
in tumor-infiltrating Treg cells correlates with expression
of COX-2 and PGE2 and is associated with the TNM
stage in gastric cancer patients. Tumor-infiltrating Treg
cells with increased Foxp3 expression can mediate immune suppression via COX-2/PGE2 production in the
gastric cancer microenvironment[71]. NR4A2 trans-activates the transcription factor Foxp3, while Foxp3 plays
a key role in Treg cell function. Furthermore, NR4A2
is highly expressed in the CD133+ CRC cells and also
pivotal for Treg cell induction and suppression of aberrant induction of Th1 cells[26,39]. NR4A2 is a target of
MIF/MAPK signaling, while MIF expression in tumors
is inversely associated with the prognosis of hepatocellular carcinoma[25,29]. Thus, it can be inferred that NR4A2
expression in lymphocytes and/or tumor cells might
promote gastrointestinal inflammation and carcinogenesis and also indicate poor prognosis of CRC and gastric
cancer.

QUESTIONS CONCERNING NR4A2
FUNCTIONS IN HUMAN CANCER

NR4A2-related lymphocytes in gastrointestinal
inflammation and cancers
Foxp3+ Treg cells are significantly increased in gastric
mucosa of patients with gastritis, peptic ulcer, and those
with gastric cancer, as compared with healthy controls[64].
An imbalance of colitogenic Th1 cells and Treg cells
facilitates the development of aggravated chronic enterocolitis[65]. Although NR4A2 has not been implicated in
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tumor suppressive function of the three NR4A family
members. Several lines of evidence mentioned above indicate that NR4A2 plays an important role in promoting
inflammation and gastrointestinal cancers. Downregulation of NR4A2 results in reduced anchorage-independent growth that is largely attributable to increased
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anoikis, furthermore, downregulation of NR4A2 as well
as NR4A1 promotes intrinsic apoptosis in several other
experimental cancer cells such as cervical cancer[11]. Thus,
NR4A family members exhibit oncogenic functions with
regard to cell proliferation and anti-apoptosis. However,
knocking out both NR4A1 and NR4A3 in mice leads to
rapid postnatal development of AML, indicating they
function as critical tumor suppressors[14]. NR4A2 also
exhibits tumor suppressor function in bladder cancer.
Chemical-induced activation of NR4A2 results in bladder cancer cell apoptosis and suppresses bladder cancer
growth, as reported by the research group of Kamat[72].
However, this group also reported that cytoplasmic dislocation of NR4A2 in bladder cancer was associated with
poor prognosis, and silencing of endogenous NR4A2 attenuated the migration of bladder cancer cells, indicating
that NR4A2 functions as a tumor-promoting factor[73].
NR4A2 is a nuclear factor, therefore, cytoplasmic dislocation might indicate loss of function of NR4A2. Thus,
NR4A2 is more likely to function as a tumor suppressor
in bladder cancer. These conflicting data can be explained
by the hypothesis that NR4A2 functions differently in
different tissues. More studies using cancer of different origins are necessary to elucidate the functions of
NR4A2 in human cancers.
In summary, NR4A2 plays a pivotal role in some inflammatory diseases and cancers. NR4A2 functions as an
inflammatory mediator primarily via at least two distinct
signaling pathways, cAMP/PKA and NF-κB, suggesting
an important common role for this transcription factor in
mediating multiple inflammatory signals. NR4A2 transactivates the transcription factor Foxp3, while Foxp3
plays a key role in Treg cell function. Treg cells contribute significantly to tumoral immune escape and disease
progression. NR4A2 trans-activates OPN while OPN
is a direct target of Wnt/β-catenin pathway. There is a
crosstalk between NR4A2 and Wnt/β-catenin signaling pathways in human gastrointestinal cancers such as
CRC. Taken together, the aberrant expression of NR4A2
in the tumors and tumor-infiltrating lymphocytes might
facilitate gastrointestinal inflammation, carcinogenesis
and cancer metastasis. NR4A2 emerges as an important
nuclear factor linking gastrointestinal inflammation and
cancers, especially CRC, and might serve as a candidate
therapeutic target for the inflammation-related gastrointestinal cancers.
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INTRODUCTION
In quality of Guest Editor, I am delighted to introduce
this special issue of World Journal of Gastroenterology (WJG)
focusing on regenerative medicine and gastroenterology.
The term “regenerative medicine” (RM) was coined
only in 1999 and refers to the field of health sciences
which aims to replace, regenerate or bioengineer ex novo
human cells, tissues, or organs to restore or establish
normal function[1]. Its main trait is the multidisciplinary
approach required to reach its goals. As a corollary, RM
investigations are made possible by synergistic contributions of researchers with different backgrounds, namely
physicians, veterinarians, cell biologists, extracellular
matrix experts, bioengineers, chemists and biochemists,
physicists, molecular biologists, biomaterial scientists,
mathematicians and statisticians, immunologists, physiologists, geneticists, and others. For this reason, in 2006,
the United Nations Educational, Scientific and Cultural
Organization defined RM as a super discipline whose
contours are still being defined[2]. It should be noted that
the term “(bio)engineering” is often, yet erroneously,
used as synonymous to RM. In fact, the process of regenerating cells, tissues and organs can occur in vivo or ex
vivo, and may require cells, natural or artificial scaffolding
materials, growth factors, or combinations of all three
elements, whereas the term bioengineering is narrower in
scope and strictly defined as manufacturing body parts ex
vivo by seeding cells on or into a supporting scaffold.
The past decade has been marked by numerous
ground-breaking achievements in the field of RM. Researchers have developed sophisticated, cutting-edge
technologies to manufacture functional substitutes of
relatively simple organs such as vessels, bladders, segments
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of upper airways and urethras[1,3]. These organs were engineered from patients’ own cells and successfully implanted
to replace diseased or damaged tissue. At the same time,
stem cells treatments are being developed and tested in
seminal clinical trials for treatment of various diseases[4-6].
This special issue of WJG has been conceived to illustrate to gastroenterology operators how RM may
impact gastrointestinal (GI) medicine. The manuscript
by Carbone et al[7] stigmatizes the unmet clinical needs in
gastroenterology and paves the ground for the following
papers which show the fields and clinical settings where
RM has the potential to meet those needs. In particular,
Domínguez-Bendala et al[8] from the Diabetes Research
Institute of the University of Miami, Fl, review the most
promising avenues of research aimed at generating a potentially inexhaustible supply of insulin-producing cells
for islet regeneration. These avenues include the differentiation of pluripotent and multipotent stem cells of embryonic and adult origin along the beta cell lineage, and
the direct reprogramming of non-endocrine tissues into
insulin-producing cells. Dufrane et al[9] from the Pôle de
Chirurgie Expérimentale et Transplantation, Université
Catholique de Louvain, Brussels, Belgium, complete the
session on RM applied to diabetes sciences by drawing
state of the art of investigations aiming to produce a bioartificial pancreas to treat diabetes, with emphasis on islet
encapsulation technology and immunoisolation.
Four papers are focused on the bioengineering and
regeneration of different segments of the gastrointestinal tract. Koch et al[10] from the Wake Forest Institute of
Regenerative Medicine, Wake Forest University, Winston
Salem, United States, report on the most recent developments in the bioengineering of sphincteric units of
the GI tract, while Londono et al[11]from the McGowan
Institute for Regenerative Medicine, University of Pittsburgh, Pittsburgh, United States, focus on the esophagus.
The group at the Child Health and Great Ormond Street
Hospital, University College London, London, lead by
Totonelli et al[12] complements the view on the bioengineering and regeneration of the esophagus by presenting
it from the perspective of the pediatric surgeon. This session is completed by a seminal review from the Institute
of Advanced Biomedical Engineering and Science, Tokyo
Women’s Medical University, Tokio, Japan, lead by one
of the pioneers of the field, Takagi et al[13]. This manuscript[13] reports on the most recent progress and clinical
translation of one of the most cutting-edge bioengineering technologies, namely cell-sheet, which will certainly
fascinate readers. Finally, the special issue is completed by
a review paper on the state of the art liver bioengineering
by our group at Wake Forest University, Winston Salem,
United States[14].
I do believe that readers will enjoy to be introduced,
hand-in-hand, to this field, RM, which has the potential
to change the way we approach diseases and how we

strategize treatments. I am very grateful to the publisher
and the Editor-in-Chief for granting the great opportunity to guest edit the special issue in question. Importantly, the success of this issue has been made possible
by the outstanding contribution of the above mentioned
authors who are among the biggest names in the field.
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Abstract
If only at a small scale, islet transplantation has successfully addressed what ought to be the primary endpoint of any cell therapy: the functional replenishment
of damaged tissue in patients. After years of less-thanoptimal approaches to immunosuppression, recent advances consistently yield long-term graft survival rates
comparable to those of whole pancreas transplantation.
Limited organ availability is the main hurdle that stands
in the way of the widespread clinical utilization of this
pioneering intervention. Progress in stem cell research
over the past decade, coupled with our decades-long
experience with islet transplantation, is shaping the
future of cell therapies for the treatment of diabetes.
Here we review the most promising avenues of research aimed at generating an inexhaustible supply of
insulin-producing cells for islet regeneration, including
the differentiation of pluripotent and multipotent stem
cells of embryonic and adult origin along the beta cell

WJG|www.wjgnet.com

INTRODUCTION
Type 1 diabetes is an autoimmune disease characterized
by the targeted destruction of the insulin-producing beta
cells within the pancreatic islets. This is a chronic condition that requires daily insulin administration to maintain
blood glucose levels within acceptable limits. However,
because of the impossibility of exogenous insulin to accurately mimic islet function in the long run, diabetes
often progresses with the development of debilitating
complications, including kidney failure, blindness and
vascular degeneration. Whole pancreas transplantation
is an effective means to permanently correct hyperglycemia, but because of the risks inherent to any major
surgery is rarely indicated as a treatment for diabetes.
Islet transplantation is a less invasive procedure based on
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the isolation of islets from their surrounding tissue and
subsequent implantation in the recipient’s liver[1-8]. The
method entails the enzymatic and mechanical separation of the islets from the rest of the organ. Since islets
have a different density than acinar tissue, centrifugation
can be used to enrich for layers of high purity that are
infused intraportally into the liver of the patient, where
they lodge and revascularize in a matter of weeks[9-13].
The evolution of this technology has followed a typical
pattern of innovation[14] in which the hype elicited by an
early milestone (the invention of the isolation method[9])
ballooned with a technical achievement (the development of an steroid-free immunosuppression protocol
that allowed for long-term graft survival[15]), only to burst
with the realization that the long-term outcome was not
nearly as good as expected (only 20% of the patients
remained insulin-independent five years after the procedure[16]). As it is also commonly seen in most innovations,
a dry “trough of disillusionment” ensued, during which
researchers had to struggle with a hostile scientific and
financial environment fed by the perception that islet
transplantation was a therapeutic cul-de-sac. This has been
so until very recently, when new developments (such as
reports of novel T-cell depleting strategies that prolong
graft survival and support function at rates that stand
comparison to those seen when transplanting the entire
organ[17]) have shifted the perception again. Of course,
the expectations have now been adjusted to the reality,
and few would contend now that this therapy represents
the future treatment of choice for diabetes. However, the
advent of stem cells in the clinical arena has helped refocus the goals of islet transplantation, which is now seen
as an invaluable testing ground for the next generation of
cell therapeutics rather than as the next breakthrough in
the fight against diabetes. Indeed, it is expected that stem
cell-derived insulin-producing cells will take over islets in
the near future, making this therapy available to millions
(as opposed to hundreds) of patients. It is reasonable to
expect that the transition to stem cells, if not seamless,
will be easier and faster than for other conditions for
which there is no cell therapy today. From adult and embryonic stem cells to somatic tissue engineering and islet
regeneration, this review will describe the best positioned
candidates to lead this transition in the next decade.

lineage). However, some MSCs express markers of pluripotency (Oct4, Nanog) whereas others do not. Proliferation rates vary greatly between clones even if obtained
from the same tissue, as evidenced by a recent example
in which division rates of umbilical cord blood-derived
MSCs ranged anywhere from 36 h to nearly 9 d[19]. To
complicate things even more, clones not only from the
same tissue, but also from the same donor, also exhibit
substantial variability[20]. While these lines of evidence
would suggest that MSCs comprehend a far too diverse
collection of cell types to make common assumptions
about their true identity and therapeutic potential, these
differences ultimately reside in epigenetic signatures that
-as shown time and again after the advent of reprogramming techniques- are anything but irreversible. From this
perspective, even if some subsets of MSCs (such as those
residing in the umbilical cord blood) would appear to be
more adept than others at acquiring beta cell characteristics, considerations such as the ease of procurement and
expansion or the ability to derive them from the prospective recipient (as would likely be the case when considering fat-derived MSCs) may ultimately weigh more than
their apparent developmental potential at the time of
isolation. This same consideration applies to what many
perceive as an ontological limitation of MSCs to become
pancreatic islets, since beta cells and MSCs arise from different embryonal germ layers. While this is true, the epigenetic landscape has proven in recent years to be much
more pliable than previously thought. Be it by direct
reprogramming into pancreatic endocrine tissues or by
de-differentiation followed by re-education into insulinproducing cells, there is a growing consensus in the field
of diabetes that MSCs may after all be of more use than
that of providing a beneficial immunomodulatory[21] and
pro-angiogenic[22] microenvironment for other cells.
Most approaches described until now to coax MSCs
into beta-like cells are based on the sequential addition
to their culture medium of soluble factors known to
have an effect on the progression of pancreatic development. Partial success has been reported in recent years
with MSCs derived from a wealth of different sources,
including pancreatic ductal and acinar tissues[23-25], fat[26,27],
amniotic fluid[28], umbilical cord blood and placenta[19,29-33],
bone marrow[34-37], endometrium [38,39], and even from
the very islets of Langerhans[40-44]. However, unlike for
human embryonic stem (hES) cells[45-47], researchers in
the field of MSCs still have failed to define a “gold standard” method of differentiation that results in bona fide,
mature or otherwise, beta cells. Efforts may have been
dispersed by the parallel pursuit of many different MSC
sources, each one purportedly superior to the others,
with an overall lack of focus on the description of robust
protocols that may result in successful beta cell differentiation from all of them. Only recently have steps been
taken to adopt the strategies developed for hES cells to
the differentiation of primitive populations of MSCs[19].
These caveats aside, the use of MSCs seems to be solidly
ingrained in the pipeline of cell therapies diabetes. As

MESENCHYMAL STEM CELLS
Mesenchymal stem cells (MSCs) are ubiquitously found
throughout the entire body. Tissues from which they can
be commonly isolated and expanded include the stroma
of the bone marrow, the adipose tissue and the umbilical
cord[18]. Whether or not MSCs from disparate sources are
one and the same is still subject to debate. Indeed, to be
considered MSCs they must share a number of characteristics such as adherence to plastic, capacity to differentiate along the bone, cartilage and fat lineages, presence
of some surface markers (CD73, CD90 and CD105) and
absence of others (chiefly those of the hematopoietic
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mentioned earlier, even in the unlikely case that all our efforts at converting them into cells with the ability to regulate glucose in vivo were to fail, MSCs are known for their
ability to foster a favorable microenvironment for other
cells to engraft. They do this by secreting a plethora of
trophic agents such as nerve growth factor, basic fibroblast growth factor, vascular endothelial growth factor,
brain-derived neurotrophic factor, insulin-like growth factor-1, and hepatocyte growth factor[48]. There is no reason
why the favorable results observed when co-transplanting
islets with MSCs[49-53] could not be extended to stem cellderived beta-like cells.

developmental biology laboratories for the most part
of the thirty years since they were first isolated [62,63].
Their human counterparts, however, are a much more
recent addition[64]. When cultured according to very precise specifications, these unique cells proliferate at high
speeds (typical population doubling times are in the range
of 24-48 h) and in an indefinite manner, while retaining
the potential to differentiate into derivatives of all three
embryonic layers (endoderm, ectoderm and mesoderm).
It is not difficult to appreciate in the evolution of this
technology, as applied to human therapy, the same pattern previously described for islet transplantation: (1) a
technology trigger, namely the initial characterization of
ES cells by the team of James Thomson in 1998: A field
whose main pursuit for more than two decades had been
to perfect ES cell isolation techniques from non-murine
species with the goal of generating higher animal models
of human disease, suddenly became the new, potentially
most powerful weapon to combat it; (2) The peak of
inflated expectations, coincident with the description
of what appeared to be a most simple method, easy to
translate from mouse to human cells, to obtain insulinproducing beta cells[65]; (3) The trough of disillusionment,
which came about with the realization that such method
was in reality generating not beta but neuroectodermal
cells and that their purported insulin staining obeyed to
an artifactual uptake of insulin from the culture medium
rather than to its synthesis and secretion[66]; (4) The slope
of enlightenment, a methodical path of research that
ended up with the unraveling of the perfect combination of factors leading to the specification of definitive
endoderm, the first and critical step along the beta cell
lineage[67,68]; and (5) The current plateau of productivity,
in which protocols that elaborate upon that initial milestone[45,46,69,70] have reached the pre-clinical level[47]. Normoglycemia is now routinely attained when transplanting
hES cell-derived beta cell progenitors into immunodeficient diabetic mice. The approach of transplanting cells
halfway their differentiation course is based on the observation that beta cells differentiate better and acquire full
functionality when allowed to mature in vivo, due to factors that remain largely unknown. The well documented
risk of tumorigenesis posed by hES cells (heightened
when transplanting non-terminally mature derivatives) is
currently being addressed as part of the strict controls
required by regulatory agencies prior to the approval of
their use in clinical trials. These include the separation of
pancreatic progenitors from the rest of the population[47]
and the also antibody-based selective ablation of tumorigenic cells[71]. The leading company pushing for hES cellbased clinical trials for diabetes (Viacyte, Inc.) complements the above strategies with that of encapsulating the
cells inside an immunoisolation device that would double
as a physical barrier to contain potential tumor-forming
escapees. In fact, if this barrier allowed for the total elimination of immunosupresion in the recipient, in theory
such escapees would be recognized as allografts by the
host and thus promptly rejected.
Induced pluripotent stem (iPS) cells are a much newer

NON-MESENCHYMAL ADULT STEM
CELLS
Because of their shared provenance, hematopoietic cells
from the bone marrow and umbilical cord blood cell are
often mistaken with MSCs. Although some studies have
shown that there are multipotent stem cells in the hematopoietic compartment of these tissues, in most cases the
use of stromal (or mesenchymal) cells would be for non
immune-related regeneration (see above), whereas hematopoietic cells would be primarily used to treat immunerelated disorders. Examples of the latter are the decadesold practice of bone marrow transplantation or the recent
attempts to reset the immunological clock of diabetes by
autologous transplantation of bone marrow-derived stem
cells[54,55]. More recently, some groups have tested the administration of bone marrow-derived hematopoietic cells
directly into the pancreas of the subject, an approach that
has yielded promising results in type 2 diabetic patients
when combined with hyperbaric oxygen therapy[56]. Local
injection of hematopoietic stem cells has also been tested
clinically for the treatment of limb ischemia and diabetic
neuropathy[57]. In general, the mechanism by which these
cells might exert their action is likely related to their ability to stimulate vascular regeneration (which may in turn
result in enhanced islet function when injected in the
pancreas) rather than to their direct differentiation into
beta cells.
As for potential stem/progenitor cells residing in the
pancreas, the ongoing debate about their existence is beyond the scope of this manuscript and has been already
reviewed in[58]. Whether or not they exist and have an active role on the physiological regeneration of the organ,
to this date the only evidence that true pancreatic progenitors can be isolated and expanded in vitro[59,60] is very
preliminary and needs independent confirmation. The
findings by Cardinale et al[61] on stem cell populations in
the adult extrahepatic biliary tree can be propagated ex vivo
and give rise to hepatocytes, cholangiocytes or pancreatic
islets are also very promising but warrant similar caution.

EMBRYONIC STEM AND INDUCED
PLURIPOTENT STEM CELLS
Mouse embryonic stem (ES) cells have been a staple of
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mechanisms for glucose sensing[100,101], with glucokinase
being a prominent marker or both. From an evolutionary
perspective, the existence of a single hepatopancreas in
many invertebrates indicates that the two organs started
as one. In vertebrates, liver and pancreas arise from
the same progenitor cell pool[102-110], and their separation is dictated by signals secreted by the developing
heart[103,104,111,112]. More to the point, in adult mice and humans alike, the extrahepatic biliary tree harbors progenitor cells with the ability to differentiate into hepatic and
pancreatic tissues[61,113].
The systemic delivery of the master pancreatic regulator Pdx1[114,115] to mice was arguably the experiment that
inaugurated the field of lateral reprogramming at the
beginning of the century[116,117]. The authors of those
pioneering studies reported the appearance of insulinpositive cells in the liver of the animals, in sufficient
amounts as to restore normoglycemia when the recipients were diabetic. Of even higher significance was the
ulterior finding that reprogramming was not contingent
to the ectopic expression of the gene, but persistent in
time long after the expected clearance of the adenovirus
used to deliver it[118]. Similar results were independently
confirmed by other groups, using either Pdx1 alone or in
combination with other genes, such as NeuroD or MafA,
known to act synergistically with the former[119-126]. These
reports were received with a mixture of expectation (the
total liver-to-pancreas transdifferentiation described in
transgenic frogs that expressed Pdx1 under the control
of an early liver promoter[127] was nothing short of extraordinary) and vague disappointment. This is because
with the exception of the above transgenic setting (which
obviously did not have any clinical applicability), none of
the other strategies had yielded cells that could unequivocally be defined as true beta cells. When conducted in
vitro, transdifferentiation resulted in cells that, at best, had
a hybrid hepatocyte-beta cell phenotype and were incapable of regulating insulin secretion according to changes
in glucose concentration. And when done in vivo, the
observation that the inflammation elicited by the use of
adenoviruses could be as important to induce reprogramming as the actual genes -if not more-, was a troubling
discovery that caused legitimate concerns about how
“clean” the strategy actually was[120].
After an impasse of a few years, during which the
excitement that first welcomed the advent of this new
technology had started to wane, the impact of a recent
report[128] renewed the enthusiasm of the scientific community. The choice of genes (Pdx1, Ngn3 and MafA)
was not particularly novel, as comparable combinations
of factors had already been assayed on liver[101,103,121,129-131]
with all the aforementioned limitations. What was novel
was the use of pancreatic acinar tissue as the substrate
for reprogramming. Perhaps because of the even closer
developmental ties between the beta cells and the surrounding acinar parenchyma that engulfs the islets in the
native organ, the observed transdifferentiation to beta
cells upon direct injection of these genes in the pancreas

addition to the regenerative medicine armamentarium one that has been saluted by many as an ethically sounder
alternative to hES cells[72-79]. The incredible pace at which
this field of research progresses is evidenced by the fact
that, merely four years after the first report on the simple
reprogramming technology that allowed us to make cells
“go back in time” to pluripotency without the need of
destroying human embryos[72-77,79-82], iPS cells have had
time not only to rise to the heights of the Pantheon of
therapeutic candidates, but also to start falling[80,83]. Seen
at first as a combination of the best features of adult and
embryonic stem cells (pluripotency coupled to the potential for autologous isolation), it is now that we are starting
to see some worrisome signs that even the most drastic
reprogramming may leave traces of the original epigenetic memory of the cell[84] or cause the iPS derivates to age
faster[85]. Much worse than that, reprogramming can also
induce mutations or activate oncogenes[86-88] regardless of
the method used, i.e., the effect is not necessarily associated to viral insertional mutagenesis. In this context, the
successful adaptation to iPS cells of a beta cell differentiation protocol originally designed for hES cells[89] represents only a preliminary proof of concept that it does
not in any way get us closer than we are with hES cells to
clinical therapies. Moreover, the potential advantages of
using patient-derived iPS cells for type 1 diabetes is dubious inasmuch as, this being an autoimmune disorder, the
recipient’s immune system would be expected to swiftly
reject any neogenic beta cells derived through this means.

LATERAL REPROGRAMMING
While “vertical” reprogramming would cause a terminally differentiated cell to go back in time and re-acquire
full pluripotency, the notion of lateral reprogramming is
based on the observation that the epigenetic signature of
any differentiated cell can also be overridden in a manner
that ultimately leads to the adoption of another terminally differentiated phenotype. In this sense, the older
term “transdifferentiation” might be more appropriate
to describe this type of horizontal reprogramming. As
with iPS cell reprogramming, this young field started using DNA-integrating approaches (chiefly by means of
viral vehicles), but is expected to follow the steps of the
former in the use of non-integrative methods such as
protein transduction[90,91], episomal constructs[78], DNA
minicircles[92], synthetic mRNAs[93] and even small molecules identified through high-throughput screening[94].
Earlier attempts at using reprogramming to obtain
beta cells used the liver as a substrate. The choice of
this organ is hardly surprising, since numerous studies
confirm that liver and pancreas are susceptible of interconversion under multiple experimental, physiological or
pathophysiological circumstances, including dietary depletion of copper[95-97], spontaneous tumoral processes or
administration of chemicals such as diethylnitrosamine[98]
or dexamethasone[99]. In fact, fully differentiated hepatocytes and pancreatic beta cells share common molecular
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of recipient mice was convincing enough to reawaken excitement about the clinical prospects of reprogramming.

but until these early results are validated, MSCs are likely
to keep the lion’s share of attention and funding. Easy to
derive, characterize and expand, their apparent genealogic
disconnect with the endoderm from which organs such
as the liver or the pancreas arise has not been an obstacle
for those who champion them in the context of diabetes.
Progress at developing methods to coax these cells into
insulin-producing cells, albeit slow, is starting to pick up
speed with the description of more primitive MSC populations and better differentiation methods. The burgeoning field of reprogramming is also likely to have a say on
whether the developmental potential of MSCs is intrinsically limited to mesodermal lineages. Although none of
the 11 currently listed MSC-based clinical trials for the
treatment of either type 1 or type 2 diabetes makes use
of MSCs previously differentiated into beta-like cells in
vitro (www.clinicaltrials.gov), their immunomodulatory
and niche-forming properties are now widely acknowledged and could be the basis of both combination (such
as islets and MSCs[49]) and stand-alone therapies in the
short term.
Lateral transdifferentiation, finally, may not necessarily take a backseat to the above approaches, provided that
non DNA-based reprogramming techniques are refined
to the extent required for the process to be efficient. Indeed, progress in this direction may effectively leapfrog
years of research on stem cell differentiation, and end up
in contention to become the therapy of choice for type
1 diabetes. While ex vivo reprogramming of acinar tissue
may not represent a viable strategy in the long run (pancreatic biopsies from the prospective patients would be
risky, and the use of acinar tissue from deceased donors
would present the same scarcity problems that afflict organ donation in general), recent advances in “DNA-free
gene therapy”[136,137] may soon change the perception that
in vivo reprogramming of cell fate is a clinical implausibility. More so, because one commonly cited shortcoming
of these approaches -i.e., the fact that reprogramming is
seldom complete, invariably leaving traces of the original
fate- might in fact work in our benefit if the autoimmune
response seen in type 1 diabetes is elicited only by true
beta cells, but not the reprogrammed ones. While this is
only a speculation at this point, the potential therapeutic
implications of such finding would be incommensurable.
Finally, it is necessary to emphasize that most of the approaches herein listed could also be potentially applied
not only to type 1 diabetes, but also to all types of insulin-dependent conditions resulting in glycemic dysregulation, including type 2 diabetes.
In the next few years, we expect to see a progressive
shift from islet transplantation to the transplantation of
hES cells in an immunoisolation setting. Parallel efforts
will be made at using MSCs and hematopoietic stem
cells for immunomodulation, which will be accompanied by an emphasis on the exploration of endogenous
regeneration pathways. A cure is likely to ultimately arise
from a combination of many, if not all, of the above approaches.

CONCLUSION
Upon reviewing the diversity of options potentially available to us in the near future, one may get the impression
that current efforts are somewhat dispersed. Clinicians
and patient advocates alike often voice their concern that
such dispersion may stand in the way of an effective allocation of manpower and resources to the strategy that
has the highest translational potential. But who is to say
which strategy this is at this early stage of the game?
Indeed, based on the trends observed in the field, it is
plausible that the approach with the highest chance of
success will be a multi-pronged one, possibly involving
more than one cell type and addressing both replacement
and immunomodulation.
hES cells are well positioned from the standpoint of
the robustness of the described differentiation methods
and the heavy private and public investment bestowed
upon the team that leads these efforts. ViaCyte received
last year more than $20 million from the California Institute for Regenerative Medicine to speed up pre-clinical
studies that could lead in the very near future to an Investigational New Drug application to the FDA. However,
unlike other prospective therapies based on the use of
adult stem cells (heavily represented in clinical trials), hES
cell-based ones still have to break ground from a regulatory perspective. The recent withdrawal of Geron’s phase
I clinical trials for spinal cord injury (which pioneered
the use of hES cells in the clinical arena) represents an
unfortunate turn of events that is not likely to help foster a more favorable climate for new trials. Fortunately,
recent advances at immunoisolation[132,133], coupled with
refinements at enriching for the fraction of cells with
therapeutic potential[47,71] are likely to surmount the main
concerns posed by regulatory agencies. Despite the initial
impression that iPS cell-based protocols could be largely
swapped with those designed for hES cells, developments already discussed in the relevant section urge caution about their clinical use, which, if ever realized, will
undoubtedly lag behind that of hES cells. The potential
advantage of using autologous cells for type 1 diabetes is
dubious at best and logistically impractical. In fact, even
if autoimmunity was not a consideration and we still
wanted to obtain pluripotent cells as closely matched to
the recipient as possible, an alternative is human leukocyte antigen (HLA)-homozygous hES cells, which have
been derived by parthenogenesis. One of these cell lines
is reported to carry the most widespread HLA haplotype
in North America[134,135].
Adult stem cells, especially those with known ontogenic potential to become definitive endoderm, have
been remarkably difficult to identify - let alone isolate and
expand. The recent discovery of such potential populations in the adult extrahepatic biliary tree[61,113] or the islets
themselves[60] may open promising avenues of research,
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Abstract

Dufrane D, Gianello P. Macro- or microencapsulation of pig
islets to cure type 1 diabetes. World J Gastroenterol 2012;
18(47): 6885-6893 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i47/6885.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i47.6885

Although allogeneic islet transplantation can successfully cure type 1 diabetes, it has limited applicability.
For example, organs are in short supply; several human pancreas donors are often needed to treat one
diabetic recipient; the intrahepatic site may not be
the most appropriate site for islet implantation; and
immunosuppressive regimens, which are associated
with side effects, are often required to prolong survival of the islet graft. An alternative source of insulinproducing cells would therefore be of major interest.
Pigs represent a possible alternative source of beta
cells. Grafting of pig islets may appear difficult because
of the immunologic species barrier, but pig islets have
been shown to function in primates for at least 6 mo
with clinically incompatible immunosuppression. Therefore, a bioartificial pancreas made of encapsulated pig
islets may resolve issues associated with islet allotransplantation. Although several groups have shown that
encapsulated pig islets are functional in small-animal
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INTRODUCTION
Type 1 diabetes has been treated successfully by transplanting islets of Langerhans, the endocrine tissue that
releases insulin[1]. Despite the clinical efficacy of islet
transplantation, serious issues preclude its broad clinical
application, including the side effects of chronic immunosuppressive regimens and a shortage of human
donors. For example, it was recently estimated that only
one pancreas is available per 333 patients with type 1 diabetes in the United States[2]. This situation is aggravated
by the need of each recipient undergoing transplantation

6885

December 21, 2012|Volume 18|Issue 47|

Dufrane D et al . Encapsulated islets for type 1 diabetes

for 2-4 pancreases[1,3]. This shortage of pancreas donors
therefore justifies the search for alternative sources of
insulin-producing cells. Swine appear to be the major
candidates for islet procurement because: (1) humans
have been treated with porcine insulin for > 40 years
(pig and human insulin differ by only one amino acid);
(2) pigs have large litters with offspring that rapidly attain adult size and are therefore amenable to genetic
engineering; (3) pig pancreases contain large islets that
respond to glucose stimulation; and (4) since pigs are
widely bred and slaughtered for food, the use of their islets to restore human health may be an option that could
satisfy sociocultural and ethical concerns[4-6].
Unlike primarily vascularized organs, pancreatic islets are implanted without direct connection to the host
vascular network, with 7 to 14 d needed to re-establish
blood flow[7-12]. Thus, it was thought that pig islet xenografts could escape typical hyperacute rejection and acute
vascular rejection[13]. In vivo, however, pig islets in nonimmunosuppressed nonhuman primates are rejected by
both humoral and cellular immune reactions[14-16]. Diffuse, presumably nonspecific IgG deposits were observed
within islet-associated accumulations of platelets 12 h
after transplantation. Deposits of large amounts of IgM
and moderate to large amounts of C3, C5, and C9 were
present on islet surfaces 2 to 3 d after xenografting[15-17].
Anti-galactosyl (anti-Gal) and non-Gal[18,19] IgM antibodies bind to islet surfaces soon after transplantation and
activate the classical complement pathway, as well as promoting neutrophil infiltration. These humoral immune
responses to pig islets are consistent with early T-cellindependent immune system activation and are reminiscent of mechanisms that operate during the hyperacute
rejection of solid-organ xenografts [20]. Humans and
nonhuman primates have preformed anti-pig antibodies
that rapidly recognize the Gal epitope on islet endothelial
cells. During pig islet-to-primate xenotransplantation,
however, the expression of Gal epitopes is influenced by
the age of the pig. Gal residues are present on 20% of
fetal, but on only 5.1% of adult, islet β cells[21-23]. Since
Gal expression persists after islet isolation[24,25], Gal remains a target for humoral xenorejection.
Islet xenografts that survive immediate blood-me
diated inflammatory reactions and additional humoral
damage will be subject to acute cellular xenograft rejection. Following transplantation of fetal pig islets under
the kidney capsule, the cellular infiltrate in primates has
been found to consist mainly of CD8 T cells (implicating
the indirect pathway), whereas the cellular infiltrate in
rodents was dominated by macrophages. T-cell infiltration precedes macrophage influx, with small numbers of
CD3+ T cells observed 12 h after transplantation[14]. After 24 h, equal numbers of CD3+ T cells and neutrophils
were observed, and after 72 h, CD3+ T cells dominated,
representing 50% to 80% of all infiltrating cells. After 72
h, large numbers of macrophages were observed, with
T cells localized at the periphery of and within transplanted islets. In addition, increased E-selectin expres-
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sion on portal vein endothelial cells correlated with the
infiltration of neutrophils, which caused tissue damage
by releasing enzymes, active oxygen intermediates, and
proinflammatory cytokines, and produced chemokines
that attracted dendritic cells and T lymphocytes. Pig islet
xenorejection seems theoretically easier to overcome, but
because hyperacute and acute vascular rejections do not
occur, the rapid destruction of pig islets within 72 h of
transplantation into nonhuman primates demonstrates
the strength of xenorejection.
Thus, an immunosuppressive regimen is mandatory
for the long-term survival of pig islets in primates[26,27].
Although several immunosuppressive strategies have
successfully suppressed alloimmune responses, T-cellmediated xenoimmune responses have proven more
resistant to immunosuppressive therapy[28,29]. This may
be due to the greater molecular incompatibility between
donor and recipient, which activates particularly the innate immune response[30].
Until recently, the maximum reported duration of
pig islet survival (insulin-positive cells, no function) following transplantation under the kidney capsule in nondiabetic cynomolgus monkeys and immunosuppression
with anti-thymocyte globulin, anti-interleukin-2R mAb,
cyclosporine, and steroids was 53 d[31]. In March 2006,
however, two studies reported that neonate or adult pig
islets xenotransplanted into primates survived and functioned for > 180 d[26,27]. More recently, the transgenic
expression of a human complement-regulatory protein
(hCD46) on porcine islets was shown to enhance the
survival of islets xenotransplanted into cynomolgus
monkeys with streptozotocin (STZ)-induced diabetes
for > 12 mo[32]. In addition, transplantation of galactosyl
knock-out neonate pig islets was found to significantly
enhance normoglycemia rates in diabetic primates,
likely due to the decreased susceptibility of these xenografts to innate immunity mediated by complement and
preformed xenoantibodies[33]. These results, however,
required treatment with a heavy immunosuppressive
regimen, in particular an anti-CD154-specific mAb, an
antibody that induced thromboembolic events precluding its clinical use[34]. Despite the unacceptability of these
immunosuppressive regimens in humans, these results
are very encouraging since an alternative, nontoxic regimen combined with xenotransplantation of pig islets
may induce normoglycemia in diabetic patients.
A bioartificial pancreas, in which islets of Langerhans
are encapsulated within a semipermeable membrane,
may be an alternative therapeutic device for patients
with insulin-dependent (type 1) diabetes mellitus. It may
constitute a safe and simple method of transplanting
islets without the need for immunosuppressive therapy.
Since the semipermeable membrane protects the islets
from the host immune system, the islets are likely to
survive and release insulin for a long period of time,
thereby controlling glucose metabolism in the absence
of immunosuppressive medication. Nevertheless, several
important questions are associated with the transplanta-
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Table 1 Bioartificial device configurations for encapsulation of pig islets

Type of pig islets tested
Suitable material with
biocompatibility
Implantation site

Macroencapsulation

Microencapsulation

Conformal coating

Adult/neonate
Alginate

Adult/neonate
Alginate with/ without PLL/PLO overlayer
Intraperitoneal

Adult
PEG

Intraperitoneal

Subcutaneous
Proof of concept in preclinical +
studies in diabetic primates
Maximum survival of pig
Mean 24 wk correction of glycated
islets and diabetes correction hemoglobin < 7% after transplantation of
the MCD into subcutaneous tissues
Clinical study
Clinical efficacy

Advantages for large-scale
clinical application

Limitations for large-scale
clinical application

Kidney subcapsular space
+

Into the liver via the portal
vein
−

Max 804 d but never reproduced;
Biocompatibility confirmed under
the kidney capsule up to 6 mo after
transplantation
+
+
No insulin-independence
No insulin independence
Glycated hemoglobin improvement; porcine Survival up to 9.5 yr with insulininsulin detected in recipient sera up to 4 yr positive cells after transplantation into the
after transplantation with insulin positive
peritoneum and detection of urinary porcine
cells into hollow-fiber devices.
C-peptide up to 11 mo after transplantation
Easy procedure for transplantation into
Easy procedure for transplantation by
subcutaneous tissue
simple injection into the peritoneum
Simple procedure to remove the graft from Large scale encapsulation of large number
subcutaneous tissue
of islets
Limited islet oxygenation
Large volume of encapsulated islets limiting
transplantation into the peritoneum
Difficulty to transplant into the peritoneal
Islet survival limited by absence of biologic
cavity
interaction with encapsulation material
No ability to remove the graft after
transplantation

ND

ND
ND

- Capability of transplantation
into the liver
- Reduction of graft size
- No stability for long-term
islet immunoprotection

PLL: Poly-lysine; PLO: Poly-ornithine; MCD: Monolayer cellular device; ND: Not determined; PEG: Polyethylene glycol.

tion of immunoisolated adult pig islets as a “bioartificial
pancreas”[35] (Table 1).

monkeys, with no evidence of reaction with adjacent
subcutaneous tissue[40]. Moreover, one of 12 non-immuno- suppressed adolescents became insulin independent
and 5 children had reduced insulin requirement after
transplantation of porcine islets encapsulated in hollowfibers with porcine Sertoli cells, which likely have immunomodulating properties[41,42].
A “monolayer” configuration of macroencapsulated
pig islets (monolayer cellular device) implanted subcutaneously (see below) has been found to significantly
improve diabetes control (glycated hemoglobin < 7%) in
primates for 6 mo without any immunosuppression[43].
In this encapsulation system, islets were seeded as a
monolayer on an acellular collagen matrix, enhancing
their interactions with a biologic membrane and increasing islet concentration per unit surface area. In addition,
diabetes was controlled for up to 1 year in 2 diabetic primates after retransplantation with new monolayer cellular devices. Unfortunately, the lifespan of adult pig islets
limited long-term graft function. Diabetic control was
completely maintained for > 32 wk after the cotransplantation of adult pig islets and adipose mesenchymal
stem cells[44]. A phase 1 clinical study is currently ongoing to assess the safety and efficacy of this device for
allotransplantation of encapsulated islets into humans.

VARIATIONS IN CAPSULE SIZE:
MACROENCAPSULATION OR
MICROENCAPSULATION
Macroencapsulation
In the first reports of encapsulation, a large number of
islets were immunoisolated between flat-sheet double
membranes[36,37]. This type of single macroencapsulation device could be implanted with minimal surgery
at different sites, including the peritoneal cavity, subcutaneously, or under the renal capsule. Although several
types of biomaterial have been used to produce microcapsules, including nitrocellulose, alginate, acrylonitrile,
and agarose, these devices usually had some toxicity and
activated nonspecific foreign body reactions, resulting
in fibrotic overgrowth with subsequent necrosis of the
encapsulated tissue[35]. A subcutaneously transplanted
microdevice (TheraCyte device, Baxter Healthcare), 4
cm in length, shaped like a teabag, and made of a bilayered polytetrafluoroethylene membrane, was recently
found to be biocompatible[38,39]. Neonatal pig cells inside
the graft (i.e., cells immunohistochemically positive for
insulin and glucagon) remained viable for up to 8 wk
after xenotransplantation into nondiabetic cynomolgus
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Microencapsulation
Another approach consists of the microencapsulation

6887

December 21, 2012|Volume 18|Issue 47|

Dufrane D et al . Encapsulated islets for type 1 diabetes

of 1-3 islets per semipermeable immunoprotective capsule. The spherical configuration of these microcapsules
resulted in a higher surface-to-volume ratio than did the
tube or disk geometry of microcapsules, resulting in a
higher diffusion rate[45]. Furthermore, microcapsules can
be injected in large numbers, are durable and are difficult
to disrupt mechanically[46,47].
Two recent studies describing transplantation of microencapsulated neonatal pig islets in an alginate matrix
confirmed their biocompatibility in nondiabetic monkeys as well as their capacity to partially regulate diabetes[39,40]. Several protocols must be followed to increase
the survival of alginate microencapsulated pig islets for
up to 6 mo without immunosuppression in nondiabetic
primates[25]: (1) Before transplantation, the islets should
be cultured in medium containing 1.8 mmol CaCl2; (2)
Animal serum should be omitted from the culture medium; and (3) The graft should be composed of > 90%
well-shaped capsules. Some of these islets survived for
> 6 mo and were able to respond in vitro to glucose challenge 135 and 180 d after implantation. In addition, the
implantation site (peritoneum, kidney capsule, or subcutaneous space) must be suitable[48,49], with the subcutaneous space considered a good choice for clinical applications[50].
Following transplantation of microencapsulated adult
pig islets into spontaneously diabetic cynomolgus monkeys, blood glucose became normalized and the monkeys
became insulin independent for periods ranging from
120 to 804 d[51]. Although these results were encouraging
for the clinical application, they may have been dependent on the diabetic status of the recipient, the exact
formulation of the capsules, and the immune response
against pig islets (see below). To date, these results have
been confirmed by only two casuistic manuscripts describing xenotransplantation in primates of microencapsulated neonatal pig islets[39,40]. One study confirmed
the biocompatibility, for up to 8 wk, after transplantation of encapsulated pig islets in nondiabetic animals,
and the second demonstrated that these microcapsules
could regulate the diabetic state of diabetic recipients.
Although the latter showed that daily exogenous insulin
requirements were reduced by a mean of 43% compared
with control animals transplanted with empty capsules,
neither group showed changes in weekly blood glucose
levels[39]. The absence of solid consistent data on glucose
metabolism (e.g., changes in glycosylated hemoglobin
concentration, glycosuria, intravenous glucose tolerance
testing) renders this casuistic study difficult to interpret.
Living cell technologies (LCT) showed that porcine
islet cells had survived and insulin production was maintained in a human patient 10 years after transplant of
pig islet cells[52]. These findings demonstrated the longterm safety, viability, and functionality of encapsulated
porcine islets in a human patient, without the use of
immunosuppression. In 1996, a 41-year-old patient with
diabetes was injected with pig islet cells to help regulate
his blood glucose levels and control his diabetes. This
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patient’s insulin requirement was reduced by 34% for
over one year. Ten years later, the patient was still obtaining benefit from the transplant, and laparoscopic
examination revealed living and functioning pig islet cells
in his abdomen.
Two phase 1 trials have shown that intraperitoneally
infused microencapsulated human islets can be considered safe for up to 3 years[53,54]. Although insulin independence was not achieved, glycemic control was improved,
with a reduction in insulin daily requirement. In 2007,
LCT launched a phase 1/2a study in Moscow of encapsulated neonatal insulin-producing porcine pancreatic
islet cells (commercially called DIABECELL®). Seven
patients with insulin-dependent diabetes have received
between one and three implants of DIABECELL® (5000
and 10 000 IEQ/kg), with none showing marked adverse
events 18 to 96 wk after transplantation. At last followup, the blood glucose concentrations in 5 patients were
within the normal range (5.8-8.2 mmol/L). Two patients
have shown excellent responses and do not require exogenously administered insulin. All recipients showed
improvements in diabetes control, with lower glycated
hemoglobin (% HbA1c) concentrations.
Following the successful completion of this phase
1/2a clinical trial in Russia, LCT launched phase 2b clinical trials, which are currently underway in New Zealand
and Argentina. In contrast, although diabetes control
was achieved by repeated injections of encapsulated
islets (up to 4 infusions and up to 779 000 islets equivalent), a humoral response was induced, with cytotoxic
antibodies found in the recipient sera 4 to 8 wk after
transplantation, and necrosis of the islets at 16 mo[54].
Conformal coating of cell surfaces
A serious issue remains in using microcapsules as bioartificial pancreases, namely, the increase in total volume
of the implant after microencapsulation. The average
diameter of islets is roughly 150 μm, making the average
diameter of capsules about three times as large and the
total volume of microcapsules about 27 times as large.
In clinical settings, the volume of islet suspensions is 10
mL, making it > 270 mL after microencapsulation. A
site to implant such a large volume is difficult to find.
Much effort has been made to reduce the size of the
capsules. For example, smaller microcapsules, about 300
μm in diameter, could result in a reasonable total volume
for clinical application[55]. In clinical allotransplantation
programs, islets are transplanted into the liver through
the portal veins, and capsules of diameter larger than
the islets themselves may plug larger blood vessels, resulting in severe thrombosis of the liver. The diameter
of the encapsulated islets should therefore be much
smaller than at present, to allow for their transplantation
through the portal veins. A technique to coat islets with
a very thin membrane or with conformal coating may reduce the diameter of these microcapsules, allowing their
transplantation into the liver through the portal veins.
Several types of coating have been tested to im-
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munoisolate islets from the host immune systems. For
example, the surface of islets has been modified with
thin membranes made of amphiphilic polymers, such
as polyethylene glycol (PEG)-conjugated phospholipid
(PEG-lipid) and polyvinyl alcohol carrying long alkyl
chains[56-59]. The thickness of the PEG layer formed on
the cell surface was several nanometers, but depended
on the molecular weight of the PEG.
Surface modification did not change the morphology or viability of the islets[60]. Transplantation of 5000
porcine islets modified with PEG-N-hydroxysuccinimide
(NHS) ester into the livers of NOD-severe combined
immunodeficiency mice through the portal vein resulted
in the transient normalization of blood glucose concentrations, but these concentrations later increased. The
surface of islets covered with PEG reacted with the
amino groups of the collagen layer remaining on the islet surface[61]. Although transplantation of islets covered
with a PEG-NHS-modified surface into recipient rats
treated with low-dose cyclosporine resulted in the maintenance of normoglycemia for 1 year, normoglycemia
was maintained for only 11 d in the absence of cyclosporine despite the surface modification with PEG.
Although a conformal PEG layer may form on the
cells or islet surfaces at the nanometer level and this
method enables a drastic reduction in total graft volume
compared with conventional microcapsules, the PEG
layer on the islets was not stable and disappeared from
the cell surface over 3 d.
Use of a layer-by-layer method may enhance the
stability of PEG-lipid membranes on the cell surface.
Various functional groups, such as maleimide and biotin,
can be easily introduced to the end of the PEG chain
of PEG-lipids[58] and can be used as reaction points to
form multilayer membranes on the cell surface. A layerby-layer membrane can also be formed by the reaction
between biotin and streptavidin. Biotin-PEG-lipids are
anchored to the cell membranes of islets and are further covered by streptavidin. The modified islets can be
alternatively exposed to a biotin-bovine serum albumin
conjugate solution and a streptavidin solution to form
20 layers. The thickness of the membrane is approximately 30 nm. A glucose stimulation test demonstrates
the ability of the modified islets to control insulin release
in response to changes in glucose concentration. After
intraportal transplantation of modified islets with PEGlipid into STZ-induced diabetic mice[59], most islets were
not damaged and remained intact in the blood vessels of
the liver for 1 h to 1 d after transplantation.

capsules. This overgrowth interferes with adequate nutrition of the islets and consequently causes islet cell death.
There are major distinctions between water-soluble
polymers, such as alginate, and water-insoluble polymers, such as poly (hydroxyethyl methacrylate-methyl
methacrylate)[35]. However, a major obstacle in using
water-insoluble polymers for encapsulation of cells is
the requirement for an organic solvent, which usually interferes with cellular function[62]. Despite their solubility
in aqueous solutions, alginate-based capsules have been
shown to remain stable for several years in small and
large animals as well as humans[51,63-67]. The method of
alginate capsule formation is based on the entrapment
of islets in alginate droplets, which are transformed into
rigid beads by gelification in a divalent cation solution,
mostly Ca2+. In most studies to date, alginate beads were
coated with a second layer to reduce the porosity of the
capsule membrane[35,68]. In the pig-to-primate model, alternating layers of poly-l-lysine and a polyornithine were
used to surround the alginate core[40,51]. The latter type
of layer, however, has been associated with polyamino
acid cytotoxicity and mechanical instability of the microcapsules, limiting their application[35,69,70]. Several groups
have recently reported that encapsulation in simple alginate microbeads can protect pig pancreatic cells against
xenorejections in diabetic mice[46,47,71]. Although several
chemical formulations of alginate (e.g., high-mannuronic/guluronic; high/low viscosity, with or without
additional peptide sequences) have been proposed for
islet immuno-isolation, we found that high-mannuronic
alginate was the most suitable to obtain selective impermeability for molecules over 150 kDa (as an IgG) before
and after transplantation, and optimal biocompatibility
to avoid nonspecific inflammatory response associated
with surrounding angiogenesis, resulting in sufficient
oxygen tension (about 40 mmHg) for the survival and
function of encapsulated islets[72]. This type of alginate
was biocompatible not only in a small-animal model
(Wistar rat recipients) but also in a pig-to-primate model
of xenotransplantation under the kidney capsule and
skin for up to 6 mo (see below)[25,43,48].

VARIATION OF IMPLANTATION SITES
The lack of revascularization of the encapsulated islets
interferes with both the functional performance and
the longevity of the grafts. Apparently, a site in which
encapsulated islets are in close contact with the bloodstream is obligatory for clinical application. Unfortunately, it is difficult to find such a site because it must
be of sufficient size to bear a large graft volume and be
near blood vessels. Sites reported to allow successful
nonencapsulated islet transplantation, such as the liver
and spleen, do not meet these requirements because
these sites are unable to tolerate the large volumes (>
16 mL) of capsules (of diameter > 600 μm) required
for transplantation into primates. Therefore, most transplantations of encapsulated pig islets into primates were

VARIATION OF MATERIALS
The choice of material to use for cellular encapsulation
is a crucial parameter because failure of microencapsulated islet grafts is usually regarded as a consequence
of insufficient biocompatibility, inducing a nonspecific
foreign body immune reaction against the microcapsules
and resulting in progressively fibrotic overgrowth of the
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intraperitoneal[39,39,51]. Although this technique seemed
relatively easy, the peritoneal site was not optimal. Indeed, recent studies in mice found that macrophages and
lymphocytes are involved in the rapid degradation of
encapsulated pig islets after their transplantation into the
peritoneum[71,73-76]. The peritoneum is, indeed, a preferential site for inflammation and immunologic reactions[77]
and peritoneal mesothelial cells facilitate the action of
powerful innate immune mechanisms[77]. Studies in mice
showed that immunosuppression had beneficial effects,
improving the biocompatibility and prolonging the
survival of encapsulated pig islets transplanted into the
peritoneum[73,74,78]. This method of combining encapsulation and immunosuppression, however, remains incompatible with clinical applications. The biocompatibility
of alginate-encapsulated pig islets depends on the implantation site. Encapsulated pig islets transplanted under the kidney capsule and under the skin demonstrated
better biocompatibility than capsules transplanted into
the peritoneum[48]. Indeed, a cellular reaction essentially
composed of macrophages was observed 7 d after transplantation into the peritoneum. This finding is in good
agreement with results showing that macrophages are
recruited 7 d after transplantation of encapsulated pig
islets into the peritoneum of mice and rats[73,74]. In addition, severe fibrosis surrounding intraperitoneally implanted capsules was observed 30 d after transplantation
and was correlated with the loss of porcine C-peptide 7
d after implantation. In contrast, subcutaneous and kidney capsule implantation resulted in very weak cellular
immune reactions against encapsulated pig islets, along
with improved porcine islet viability; porcine C-peptide
was detected in the sera of rats for 30 d after transplantation of encapsulated pig islets at both sites. These
findings indicate that implantation into the subcapsular
kidney and subcutaneous spaces improves the biocompatibility and in vivo survival of encapsulated pig islets,
as well as enhancing pig islet function during the first 7
d after transplantation. The loss of the in vivo function
activity of encapsulated pig islets transplanted into the
peritoneum correlated with significant alterations in islet
viability, a loss of insulin content, and significant reductions in insulin secretion after glucose stimulation. These
findings may be associated with macrophage overgrowth
of the area surrounding the capsules, creating a microenvironment of stress, with low oxygen tension, for pig
islets[75,76]. Indeed, macrophage activation, as shown by
NO production and the release of the cytokines L-1β
and tumor necrosis factor-alpha, had a deleterious effect on islet function and viability[73,75,76]. We found that
implantation into kidney subcapsular and subcutaneous
spaces improved the biocompatibility of encapsulated
pig islets and significantly reduced macrophage recruitment. This reduction in pig islet stress and improved
islet viability maintained insulin level per islet and insulin
secretion after glucose stimulation[48]. Subcutaneous tissue was recently shown to provide oxygen tension (20-40
mmHg) compatible with the function and survival of
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encapsulated islets[72]. Among the sites being tested for
islet transplantation, with or without encapsulation, to
improve the survival, engraftment and function of islets,
are the brachioradialis muscle[79], striated muscle[80], the
greater omentum[81], and the anterior chamber of the
eye[82].

CONCLUSION
Immunosuppression remains the major limitation of
allotransplantation or xenotransplantation of islets for
type 1 diabetes. Extended survival of transplanted pig
islets has recently been observed in primate models, but
several questions and problems associated with immunosuppression remain to be resolved in terms of adjustment before clinical trials. A bioartificial pancreas made
of encapsulated pig islets may overcome the two major
hurdles to islet transplantation: the shortage of human
organ donors and the requirement for immunosuppressive regimens.
The development of a bioartificial pancreas for
preclinical/clinical studies requires the conjunction of
integrated parameters such as the choice of a biocompatible material for encapsulation to maintain selective
permeability. The encapsulation device should be designed to maintain mechanical properties and stability
at an implantation site compatible with the viability and
physiology of the encapsulated islets to control glycemic
homeostasis.
Of the three major types of bioartificial pancreases
(macroencapsulation, microencapsulation, and conformal encapsulation), the macroencapsulation system is
the only method that has demonstrated the capacity to
control diabetes in large animals and in preliminary clinical studies.
Several improvements must be made to reduce the
size of the implant (by increasing islet concentration
relative to the surface or volume of the implant), to
improve oxygenation of islets (to limit islet death), and
to develop a simple clinical procedure for bioartificial
transplantation and easy access to a device allowing “realimentation” of the islets.
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to be effective for the reconstruction of small patch
defects, anastomosis reinforcement, and the prevention of stricture formation after endomucosal resection
(EMR). More so, esophageal cancer patients treated
with ECM scaffolds have shown complete restoration of
a normal, functional, and disease-free epithelium after
EMR. These studies provide evidence that a regenerative medicine approach may enable aggressive resection of neoplastic tissue without the need for radical
esophagectomy and its associated complications.
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Abstract
In addition to squamous cell carcinoma, the incidence
of Barrett’s esophagus with high-grade dysplasia and
esophageal adenocarcinoma is rapidly increasing worldwide. Unfortunately, the current standard of care for
esophageal pathology involves resection of the affected
tissue, sometimes involving radical esophagectomy.
Without exception, these procedures are associated
with a high morbidity, compromised quality of life, and
unacceptable mortality rates. Regenerative medicine
approaches to functional tissue replacement include the
use of biological and synthetic scaffolds to promote tissue remodeling and growth. In the case of esophageal
repair, extracellular matrix (ECM) scaffolds have proven
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INTRODUCTION
The default tissue response to injury in adult mammals
is characterized by hemostasis, inflammation, and subsequent deposition of dense collagenous connective tissue
(i.e., scar tissue)[1-5]. The deposited scar tissue serves as a
partial volume replacement for the missing native tissue
and maintains the structural integrity of the tissue, albeit
at a loss of normal function in many instances. This
mechanism is adequate in most, but not all, tissues.
Some tissues in adults retain the ability to regenerate either as part of normal physiologic events or in
response to injury. For example, the epidermis is com-
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pletely replaced approximately every 40 d[6-9]. The bone
marrow sustains a regenerating population of cells to
continuously replenish the hematopoietic cell population[10-13], and the intestinal epithelium regenerates from
a well described crypt stem cell population[14-16]. The liver
can respond to injury by a nonblastemal epimorphic
regenerative mechanism[17] and can replace most if not
all of its lost hepatocellular mass if the native stroma remains intact[18-20]. Skeletal muscle has limited regenerative
potential and can respond to mild or repetitive injury
with full return to structure and function[21,22]. However,
volumetric muscle loss (i.e., loss of greater the 20% of
the muscle mass) results in deposition of scar tissue[23].
Therefore regenerative potential is encoded into the genome of adult mammals but only functionally expressed
in selected tissues or to a limited extent. It should also
be noted that all of these examples of tissue/organ
regeneration involve the participation of a reserve stem/
progenitor cell population.
Those tissues with the inability to regenerate functional mass following injury are the cause of significant
morbidity, aesthetic deformity, mortality, and are causally
associated with a large fraction of the health care burden
worldwide. For example, the inability to regenerate functional myocardium following ischemic coronary artery
disease[24-27], the dysfunctional central nervous system tissue following ischemic stroke or spinal cord injury[28-35],
and the lack of functional pancreatic beta cells following immune mediated destruction[36-39] are the cause for
a group of diseases that affects a large percentage of
the aging population. Esophageal pathology, especially
neoplasia, affects a rapidly increasing number of individuals in North America[40,41] and worldwide[42]. The lack
of regenerative ability in the esophagus relegates this
tubular structure to an inflammation/scarring response
following injury, which in turn results in stricture and
loss of function. Therefore, the standard of care for
many esophageal diseases, especially overt cancer and
its’ precursor Barrett’s disease with high grade dysplasia
(HGD) involves esophagectomy; a procedure associated
with a complication incidence approaching 50%[43-46]. A
regenerative medicine approach which can recreate functional esophageal tissue, preserve the integrity of the
esophagus, and avoid the necessity for esophagectomy
would offer a significant advancement in the arsenal of
treatment methods available to affected patients.

sal adenocarcinoma remains controversial. Esophagectomy has been the standard of care for HGD based on
the high incidence of progression to subsequent neoplasia[52,53]. However, the majority of patients in which
esophageal neoplasia is diagnosed have disease limited
to the mucosa and the involvement of regional lymph
nodes is unlikely. Because esophagectomy is associated
with high morbidity rates and a marked compromise in
quality of life, there has been a great deal of interest and
success in minimally invasive endoscopic approaches
which involve esophageal preserving techniques in patients with superficial malignancy[54].

STANDARD OF CARE
There are several endoscopic ablation techniques for
BE with HGD and for superficial adenocarcinoma. Radiofrequency ablation (RFA) has become accepted as a
viable treatment for BE, especially flat BE, in light of a
recent sham controlled randomized trial[55]. RFA has been
shown to effectively ablate BE with very low rate of stricture formation. For BE with nodularity, endomucosal resection (EMR) with or without ablation therapy has been
shown to be safe and effective to eradicate BE and prevent the recurrence of BE with minimal complications[56].
Excellent survival has been found in long term follow
up studies in which endoscopic approaches were used to
treat HGD and intramucosal adenocarcinoma[57,58].
However, the development of metachronous lesions is common (21.5%) with risk factors that include
piecemeal resection, no ablation therapy of flat BE after
EMR, long-segment BE, multifocal neoplasia, and the
prolonged time required for complete eradication of the
lesions[59]. Currently used techniques invariably include
one or more of the stated risk factors. These risk factors
are compounded by the inability to remove all affected
tissue as an en bloc specimen by endoscopic techniques;
thus less than optimal specimens are available for histopathologic examination of the removed tissue.
A stepwise radical endoscopic resection (SRER) has
been proposed to treat BE refractory to RFA and/or
EMR. A recent multicenter randomized trial[60] has demonstrated encouraging results of SRER but the technique involved a greater number of therapeutic sessions
and complications such as esophageal stenosis requiring
dilation in up to 50% of cases.
In summary, the limitations of currently used endoscopic techniques include the necessity for numerous interventions, the high incidence of metachronous lesions,
the absence of a suitable tissue specimen for histologic assessment, and the unavoidable sampling error that occurs
especially in patients with long segment Barrett’s. Ideally,
en bloc resection of the entire abnormal epithelium in a
single procedure without any compromise of tissue specimens collected for histopathologic examination would be
possible. A regenerative medicine strategy that would facilitate restitution of the resected esophageal tissue without concomitant stenosis would represent a significant

PROBLEM
There are 5000 to 10 000 patients identified annually with
non-neoplastic esophageal disease[47] including congenital
anomalies such as esophageal atresia, tracheoesophageal
ﬁstulas[48], and corrosive injuries[49,50]. The incidence of
Barrett’s esophagus (BE) and esophageal adenocarcinoma has increased dramatically and esophageal cancer
now represents the world’s sixth leading cause of cancer
death with 300 000 new cases each year[41,42,51]. The management of Barrett’s disease with HGD and intramuco-
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Figure 1 Replacement of esophageal mucosa with extracellular matrix device after endoscopic resection for treatment of high grade dysplasia. A: High
grade dysplasia before treatment; B: Esophagus after circumferential resection; C: Regenerated neoepithelium without stricture 3 mo post operatively.

advancement in the treatment of esophageal disease.

adventitial cells) was required for a constructive remodeling response to occur. Further studies showed that as
little as 30% of the normal esophageal muscle tissue was
required to support the constructive type of esophageal
remodeling outcome which allowed for normal dietary
habits and absence of any signs of esophageal disease[69].
The promising results of these preclinical studies
were the basis of successful endoscopic treatment for
five patients with esophageal adenocarcinoma[72]. All patients had long segment disease limited to the mucosa.
Complete circumferential en bloc mucosal resection, ranging from 8 cm to 14 cm in length, was performed on
these patients with subsequent placement of a xenogeneic ECM scaffold (SurgiSisTM, Cook Biotech, Lafayatte,
IN) held in place by an expandable stent. The stent was
removed within 9-17 d during which time the ECM scaffold integrated with the underlying muscular wall of the
esophagus and supported complete epithelialization and
formation of a new submucosal layer. All patients required transient post operative dilation for mild stricture
but were able to then eat a normal diet without recurrence of disease. Several of these patients have had subsequent reflux surgery and require no further treatment
(unreported data). In the context of classic approaches
to regenerative medicine, one could consider the successful approach in these patients as a combination of
scaffold plus the bioactive factors inherent in the ECM,
plus the required endogenous host cells in contact with
the scaffold.
Using a similar approach, three additional patients
recently were subjected to endoscopic, circumferential en
bloc resection of Barrett’s with HGD, followed by fundoplication (Figure 1).The results support the findings from
the previous study and provide further evidence for the
use of this procedure as a feasible alternative to surgery
for the treatment of HGD and intramucosal adenocarcinoma.
Alternative regenerative medicine approaches to creating esophageal tissue have been explored. Grikscheit et al[73]
adapted a technique previously used in intestinal engineering whereby organoid units, mesenchymal cores surrounded by epithelial cells, were isolated from neonatal

REGENERATIVE MEDICINE STRATEGIES
FOR THE TREATMENT OF ESOPHAGEAL
DISEASE
Classic tissue engineering and regenerative medicine approaches involve either cell based therapies, utilization
of a scaffold material, and/or use of bioactive molecules
such as growth factors, cytokines and chemokines. In
reality, the goal of all approaches is to alter or avoid the
default inflammatory/scar tissue response to esophageal
injury, and either replace the missing tissue with engineered normal tissue or stimulate the endogenous formation of new, site appropriate functional tissue.
Although an esophageal epithelial stem cell population located in the basal layer of the esophagus has been
identified[61-65], their use in a cell based approach to functional esophageal reconstruction has not been described.
Sheets of esophageal epithelial cells can be cultured[66-68],
but practical application of such cell sheet technology
to resurface the esophageal lumen following ablative
procedures has not been successful. An approach which
involves the placement of xenogeneic extracellular
matrix (ECM) showed that full thickness defects that
included approximately 40%-50% of the circumference
and 5 cm of length could facilitate a constructive, nonstenotic healing response with formation of all layers of
the esophageal wall in a preclinical dog model[47]. However, when reconstruction of complete circumferential
full thickness defects was attempted with the same ECM
scaffold approach, there was the uniform occurrence
of severe stricture[69]. Of note however, if the complete
circumferential defects were not full thickness in nature
and lesions were limited to the mucosa, then placement
of the ECM scaffold upon the subjacent muscularis externa supported the endogenous regeneration of a functional mucosa without clinical stricture[47,69-71].
These results suggested that a combination of the biologic scaffold material in contact with a native esophageal cell population (i.e., skeletal and smooth muscle plus
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molecules of the ECM such as collagen[81]. These cryptic
peptides, typically no larger than 10-12 amino acids in
length, have been shown to have potent chemotactic and
mitogenic activity for selected stem and progenitor cells
in vitro[81-84]. The role of this chemotactic phenomenon in
constructive remodeling is not fully understood but logically it provides a method for supporting a regenerative
type of response.
It is also known that the host response to the presence of a xenogeneic ECM scaffold includes local modulation of the innate immune response from proinflammatory M1 macrophage mediated events toward more
dominant constructive tissue remodeling M2 macrophage mediated processes[77,85-87]. However, it is unknown
which, if any, of these mechanisms occur or are important in the esophageal location.

and adult rats, labeled with green fluorescent protein
(GFP), and paratopically transplanted on biodegradable
polyglycolic acid tubes before implantation within the
omentum of syngeneic hosts. Four weeks later, the engineered esophageal tissue was either harvested or anastomosed as an onlay patch or total interposition graft[73].
Histologic examination of these organoids showed a
complete esophageal wall including mucosa, submucosa,
and muscularis propria. These findings were confirmed
with immunohistochemical staining for actin smooth
muscle. Furthermore, the tissue-engineered esophagus
architecture was maintained after interposition or use
as a patch, and animals gained weight on a normal diet.
GFP-labeled tissue-engineered esophagus preserved its
fluorescent label, proving the donor origin of the tissueengineered esophagus. The maximal amount of esophageal tissue that could be replaced by this method remains
to be explored and the application of this technique to
full circumferential lesions has not been investigated.
Similar cell based and/or scaffold based approaches
to construct functional esophageal tissue have been investigated by others. In 2006, Marzaro et al[74] used esophageal ECM seeded with smooth muscle cells (SMCs) to
repair a 2 cm defect in the tunica muscularis in a porcine
model. They reported the ingrowth of SMCs with early
organization into small fascicles. Two years later, Nakase
et al[75] explored replacement of a full circumference
esophageal defect with polyglycolic acid scaffolds seeded
with epithelial cells. Good distensibility of the construct
following implantation was reported although peristaltic activity of the new tissue was absent. The thickness
of both the squamous epithelial layer and the smooth
muscle layer of the engineered esophagus were similar
to that of the native esophagus. These results confirmed
the concept of biomaterials seeded with cells, either differentiated cells or stem/progenitor cells, as a potentially
viable approach for the repair of damaged esophageal
tissue.
The mechanisms by which ECM bioscaffolds alter
the default proinflammatory esophageal healing response
and instead promote a more constructive remodeling
response are only partially understood. However it is
known that degradation of the ECM releases a variety of
growth factors including vascular endothelial growth factor and basic fibroblast growth factor, among others[76].
The critical amounts of active growth factor and the
specific factors required to support constructive tissue
remodeling are unknown. ECM scaffold degradation in
vivo occurs rapidly based upon results of preclinical studies in non-esophageal sites[77-80] and the endoscopic procedures to remove the temporary stents in the patients
treated for esophageal cancer suggests that degradation
is also very rapid in this location. Scaffold degradation
is considered important because it removes a persistent
foreign material against which the host can mount a
chronic inflammatory reaction and, perhaps more importantly, scaffold degradation results in the generation
of bioactive cryptic peptides from component structural
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CONCLUSION
Esophageal disease is an increasingly important problem
and has very limited satisfactory treatment options. The
default inflammatory and scarring response of the nonregenerating esophageal tissue not only creates severe
morbidity from the disease process itself, but also limits
the therapeutic options since manipulation and tissue
injury are unavoidable sequelae of either invasive or
minimally invasive endoscopic techniques. Regenerative
medicine strategies that utilize cell based, scaffold based,
and bioactive molecule based approaches potentially
provide a viable alternative for both physicians and the
affected patients. Preliminary early results of a bioactive
ECM scaffold based approach have been promising.
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Esophageal tissue engineering: A new approach for
esophageal replacement
Giorgia Totonelli, Panagiotis Maghsoudlou, Jonathan M Fishman, Giuseppe Orlando, Tahera Ansari,
Paul Sibbons, Martin A Birchall, Agostino Pierro, Simon Eaton, Paolo De Coppi
been employed and suggest possible directions for the
future. Medline, Embase, the Cochrane Library, National
Research Register and ClinicalTrials.gov databases were
searched with the following search terms: stem cell and
esophagus, esophageal replacement, esophageal tissue
engineering, esophageal substitution. Reference lists of
papers identified were also examined and experts in this
field contacted for further information. All full-text articles in English of all potentially relevant abstracts were
reviewed. Tissue engineering has involved acellular scaffolds that were either transplanted with the aim of being
repopulated by host cells or seeded prior to transplantation. When acellular scaffolds were used to replace
patch and short tubular defects they allowed epithelial
and partial muscular migration whereas when employed
for long tubular defects the results were poor leading to
an increased rate of stenosis and mortality. Stenting has
been shown as an effective means to reduce stenotic
changes and promote cell migration, whilst omental
wrapping to induce vascularization of the construct has
an uncertain benefit. Decellularized matrices have been
recently suggested as the optimal choice for scaffolds,
but smart polymers that will incorporate signalling to
promote cell-scaffold interaction may provide a more
reproducible and available solution. Results in animal
models that have used seeded scaffolds strongly suggest that seeding of both muscle and epithelial cells on
scaffolds prior to implantation is a prerequisite for complete esophageal replacement. Novel approaches need
to be designed to allow for peristalsis and vascularization in the engineered esophagus. Although esophageal
tissue engineering potentially offers a real alternative to
conventional treatments for severe esophageal disease,
important barriers remain that need to be addressed.
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Abstract
A number of congenital and acquired disorders require
esophageal tissue replacement. Various surgical techniques, such as gastric and colonic interposition, are
standards of treatment, but frequently complicated by
stenosis and other problems. Regenerative medicine
approaches facilitate the use of biological constructs to
replace or regenerate normal tissue function. We review
the literature of esophageal tissue engineering, discuss
its implications, compare the methodologies that have
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Tissue engineering with the end-point of organogenesis
has been successful through a combination of appropriate
cells with a scaffold[13-17] as well as the use of only one of
these two components, for example in the repair of urethra[18] and skin[19] (Figure 1).
We review the literature relating to esophageal tissue
engineering and suggest areas where research may lead to
the most rapid clinical gains.

Developmental Engineering, Meiji University, 1-1-1 Higashimita,
Tama-ku, Kawasaki 214-8571, Japan
Totonelli G, Maghsoudlou P, Fishman JM, Orlando G, Ansari T,
Sibbons P, Birchall MA, Pierro A, Eaton S, De Coppi P. Esophageal tissue engineering: A new approach for esophageal replacement. World J Gastroenterol 2012; 18(47): 6900-6907 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v18/
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INFORMATION COLLECTION
We searched Medline, Embase, the Cochrane Library, National Research Register and ClinicalTrials.gov databases,
using the search terms stem cell and esophagus, esophageal replacement, esophageal tissue engineering, esophageal substitution. The reference lists of papers identified
in this way were searched and further papers identified. All
full-text articles in English of potentially relevant abstracts
were reviewed. Finally, acknowledged experts in this field
were contacted for information on gaps in our review and
information on unpublished studies.

INTRODUCTION
Recent years have witnessed great interest in regenerative
medicine, the replacement, repair and regeneration of tissues and organs[1,2]. Particular interest has focused on the
potential for this new field to offer new solutions for failing tissues and organs, and alternatives to transplantation,
implants and reconstructive surgery, all of which have
limitations.
Several conditions, both congenital and acquired, may
require esophageal tissue replacement. In the pediatric
population the primary indication for esophageal replacement is long-gap esophageal atresia (EA) with insufficient
length for primary anastomosis. Patients with long-gap
EA, which fail a primary repair, receive a denervated gastric pull-up or interposition graft using either jejunum or
colon, with many associated early and late post-operative
complications, such as stricture formation and the potentially carcinogenic effect of acid reflux[3,4]. In children,
gastric transposition and intestinal interposition can also
be used in esophageal strictures not responsive to dilatation following failed EA repair or caustic ingestion, or
for rare neoplastic conditions such as inflammatory pseudotumor, leiomyosarcoma and teratoma[5]. By contrast,
the commonest indication for esophageal replacement in
adults is cancer, a condition whose incidence is escalating[6], whilst colon interposition is sometimes indicated
for diffuse Barrett’s esophagus, a premalignant condition.
Unfortunately, all of these methods of esophageal replacement severely impair the quality of life of recipient
adults and children[7,8] and present problems related to
donor site morbidity. Even recent developments in endoluminal resection, which removes the diseased inner layers
of the esophagus through an endoscope, whilst reducing
morbidity, still results in a high rate of stenosis and consequent dysphagia[9]. Despite its 60-year history, conventional organ transplantation is not a solution for the failure
of every organ, due to technical and ethical issues, and is
specifically unable to address the unmet needs of esophageal replacement. Thus, regenerative medicine techniques,
which extend the boundaries of reconstruction and do
not, in most applications, require immunosuppression,
present attractive alternatives[10].
Regenerative medicine has been used to describe the
use of natural human substances, such as genes, proteins,
cells, and biomaterials to regenerate diseased or damaged
human tissue[11,12] in order to restore normal function[2].

WJG|www.wjgnet.com

TWO BROAD CATEGORIES OF
INTERVENTION
Seventy-four papers were identified and are reviewed in
this manuscript. Two broad categories of intervention
were identified: the use of scaffolds alone, and a combination of cells and scaffolds.
Acellular scaffolds
The majority of identified studies transplanted acellular
scaffolds with the aim that host epithelial and smooth
muscle cells will migrate to repopulate the new conduit.
Acellular scaffolds studied to date conform to one of
three categories: synthetic, collagen alone and decellularized matrix.
Synthetic scaffolds: Acellular synthetic scaffolds such as
polyethylene plastic[20-22] and silicon[23,24] have been used for
esophageal replacement, but the nature of the materials
did not allow cellular migration and led to poor results in
animal models. When polyvinylidene fluoride (PVDF) and
polyglastin-910 (Vicryl®) were compared for the regeneration of patch defects in rabbits, PVDF was shown to lead
to improved results with an absence of strictures and neoepithelialization[25]. However, in a different study, the combination of Vicryl® and collagen brought about positive
results both for patch and tubular defects in dogs, with a
low mortality of 8.3%[26]. The successful use of synthetic
polymers in other organs such as the trachea[27], suggests
that this approach may appear attractive and further development of appropriate materials is needed.
Collagen scaffolds: In a series of experiments performed
by a research group in Japan, porcine dermal collagen scaffolds were used to produce porous tubular structures (Table
1)[28-33]. The general methodology involved the use of these
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gus as well as from other tissues such as the small intestinal submucosa (SIS)[28-31,43-47].
Significant heterogeneity exists among studies, both
with respect to the type of scaffold, extent of surgery and
species used, which partly explains the range of results reported. Thus, regeneration of the muscularis propria layer
is seen to take place in some studies[43,44,48], but not others[49]. Studies that have attempted tube-interposition with
SIS report the development of esophageal stenosis and
increased mortality[44,50,51]. By contrast, studies applying SIS
as a patch repair demonstrated encouraging results[44,50-53].
Badylak et al[45] laid sheets of SIS onto the raw internal
surface of esophagus following endoscopic submucosal
resection in five patients with superficial cancers. With a
follow-up of 4 to 24 mo, the scaffold promoted physiological remodelling as evident by endoscopy and histological characterisation following biopsy. Strictures still
formed, but only at areas outside those lined by SIS, suggesting that possible technical improvements in scaffold
delivery could ameliorate this. In fact, when SIS was used
to completely cover a 3 cm × 5 cm mucosal defect in the
cervical esophagus, there was no stenosis and endoscopy
at 4 wk demonstrated good integration of the scaffold[46].
Hypothetically, decellularized esophageal tissue should
retain the signals, both chemical and structural, that will
direct the appropriate migration and differentiation of
host cells, in a way unlikely to occur with scaffolds originating outside the esophagus, such as SIS. Ozeki et al[54]
compared two methods of decellularization of adult
rat esophagus based on deoxycholate and Triton X-100
respectively and assessed the resulting scaffolds using
routine histology and biocompatibility. Those treated
with deoxycholate showed superior mechanical properties, maintenance of the extracellular matrix and a lower
DNA content than those treated with Triton X-100.
Bhrany et al[55] found a combination of 0.5% sodium
dodecyl sulphate and Triton X-100 to be effective in
decellularization, albeit with a loss of tensile strength as
measured by burst pressure studies. Our experience with
the detergent-enzymatic treatment in the decellularization
of the intestine[39] allowed us to use the same methodology in the esophagus (Figure 2), leading to an improved
preservation in microarchitecture[56].

Scaffold
Synthetic material

Esophageal construct

Collagen
Decellularized matrix

Cells

Adult cells
Fetal/amniotic cells

Transplantation

ESC/IPS

Figure 1 Esophageal tissue engineering. A tissue-engineered esophageal
construct may be created by the combination of a scaffold and cells, grown in
a bioreactor and transplanted in patients. A three-dimensional scaffold may be
created from synthetic material, collagen or a decellularized matrix. Cells for
the use of tissue engineering are derived from a number of sources such as the
adult, fetus and the embryo. Additionally, non-seeded scaffolds may be transplanted with the aim of being repopulated by host cells. ESC: Embryonic stem
cells; IPS: Induced pluripotent stem cells.

scaffolds to replace 5-10 cm tubular defects in the cervical
or intra-thoracic portion of the esophagus in dogs. A silicon tube was used as a stent to support the scaffold until
repopulation occurred. Aiming to avoid complications
such as stenosis[28,29], the research group compared whether
this was related to the time for which the scaffold was supported by the stent. In an experiment where three groups
of dogs had a 5-cm cervical surgically created defect, the
stent was removed at either 2, 3 or 4 wk. With increasing
stent duration, it was observed that greater epithelial and
muscle cell densities were achieved in the collagen scaffold,
and this correlated with decreased stenosis and mortality[31].
However, when the collagen scaffold replaced 10-cm
portions of the esophagus there was poor cellular migration in the muscular layer, suggesting that there are limitations to the size of defect that may be replaced by this
methodology[30]. Moreover, when the same methods were
used to replace intra-thoracic portions of the esophagus
in dogs, muscular regeneration was completely absent,
something the authors attributed to the lack of a vascular supply in the thorax[32]. In an attempt to address this,
the scaffold was wrapped in omentum[33], as has been
successfully applied to tracheal tissue engineering[34,35].
However, muscular regeneration remained absent, whilst
an increase in mid-portion stenosis and mortality was observed[33].

Cell-seeded scaffolds
To reduce complications arising from acellular approaches, some authors have seeded the scaffolds prior to transplantation. As mentioned, the two main cell types that
are important for esophageal tissue engineering are those
that will reconstitute the epithelium and the muscle layer
on the luminal and extra-luminal sides respectively. Also
important in the formation of a functional esophagus are
the vascular and neuronal cell components but we could
locate no studies that have studied these in engineered
esophagus.
A number of in vitro experiments have examined the
seeding and culture of esophageal epithelial cells and different scaffolds to assess the optimal combination. When
a matrix composed of decellularized human skin was

Decellularized matrix: Decellularized matrices are de
rived from human and animal organs and tissues that
have been treated to remove cells and immunogeneic
material[36]. Importantly, however, they retain the macroand micro-architecture of the tissue of origin, and the
molecular components of its natural extracellular matrix[37-40]. They have the added hypothetical advantages
over synthetic scaffolds of not producing potentially
toxic degradation products or inducing inflammation
characteristics that may be important in the prevention
of stenosis[20,41,42]. Decellularized scaffolds that have been
used for esophageal organs originated from the esopha-
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Table 1 Overview of in vivo transplantation of acellular matrices
Animal model (n )
Canine (19)

Results
Scaffold type

Size

Collagen with silicon stent
(not removed)
Collagen with silicon stent
(removed between 2 and 8 wk)
Collagen with silicon stent
(removed at 6 wk)
Collagen with silicon stent
(removed either at 2, 3 or 4 wk)
Collagen with silicon stent
(removed at 4 wk)

Canine (26)
Canine (7)
Canine (43)
Canine (9)

Canine (14)

Collagen with silicon stent
(removed at 4-8 wk) +/- OMPx
Extracellular matrix scaffold
from either small intestine
(n = 12) or urinary bladder
submucosa (n = 3)
Elastin based acellular biomaterial patch (from porcine aorta)
Urinary bladder matrix scaffold

Canine (15)

Pigs (10)
Canine (12)

Scaffold regeneration

5 cm circumferential gap,
cervical esophagus
5 cm circumferential gap,
cervical esophagus
10 cm circumferential gap,
cervical esophagus
5 cm circumferential gap,
cervical esophagus
5 cm circumferential gap,
thoracic esophagus

Partial epithelial regeneration

Epithelial regeneration, no
stenosis
Epithelial and partial muscular
regeneration, no stenosis
Epithelial and muscular
regeneration, no stenosis
Epithelial but no muscular
regeneration, mid-portion
stenosis
5 cm circumferential gap,
Epithelial regeneration,
thoracic esophagus
mid-portion stenosis
5 cm semi-circumferential or
Mucosal and muscular
5 cm circumferential, cervical regeneration. Stenosis in case
esophagus
of complete circumferential
defects
2-cm circular defect, abdominal Mucosal and muscular
esophagus
regeneration
Complete transection with
Mucosal and muscular
replacement of endomucosa
regeneration
with matrix
Semi-circumferential defect,
Mucosal and muscular
cervical or abdominal
regeneration at 150 d
esophagus
Semi-circumferential defect or Tube interposition
segmental esophageal excision unsuccessful. Mucosal and
muscular regeneration at 150 d
in patch-group
Patch defects, abdominal
Mucosal regeneration seen at 2
esophagus
wk. No muscular regeneration
seen up to 18 mo
4-cm defect, cervical esophagus Prosthesis not found either
macroscopically or
histologically

Rats (67)

Small intestinal submucosa
patch graft

Rats (85)

Small intestinal submucosa
patch graft, or tube interposition

Rats (27)

Gastric acellular matrix scaffold

Pigs (14)

Small intestinal submucosa
(tubular)

Human (5)

Porcine small intestinal mucosa 8-cm to 13-cm en-bloc resection
of mucosa and submucosa for
superficial carcinoma
Porcine small intestinal mucosa 5 cm × 3 cm defect cervical
esophagus

Human (1)

Fresh

Intact esophagus with normal
calibre

Ref.

26% mortality

[28]

0% mortality when stent
dislodged after 4 wk (n = 4)
29% mortality

[29]

0% mortality when stent was
removed at 4 wk (n = 16)
11% mortality

[31]

[30]

[32]

11% mortality in control group, [33]
80% in OMPx group
0% mortality
[44]

0% mortality. No complications [43]
reported in treatment groups
0% mortality. No complications [48]
reported in treatment groups
94% survival at 150 d

[50]

100% survival for patch[52]
group (and no complications
reported), 0% survival for tube
interposition group at 28 d
11% complication rate
[49]

Only 1 pig survived the full 4 [51]
wk study. The other pigs have
to be sacrificed prematurely
due to severe stenosis
Strictures; perforation in one
[45]
patients
No complications encountered [46]

compared to synthetic scaffolds in vitro for the capacity to
support cultured epithelial cells, the decellularized scaffold exhibited cell differentiation and surface confluence
similar to native esophagus, whereas synthetic scaffolds
demonstrated a discontinuous epithelial lining[57]. Another
study compared the growth of human esophageal squamous cells on human decellularized esophagus, porcine
decellularized esophagus, human decellularized dermis,
and collagen[58]. Interestingly the porcine matrix and collagen gave better results leading to the formation of a
mature stratified epithelium. When rat esophageal epithelial cells (EEC) were seeded onto 3-dimensional (3-D)
collagen scaffolds they were shown to be viable for up to
8 wk in vitro but did not fully integrate within the scaffold,
remaining on the surface as individual cells or small clusters[59]. Seeding of sheep EEC on the same 3-D collagen
scaffold resulted in the absence of epithelium sheet for-

Decellularized

Figure 2 Production of esophageal natural acellular matrices. Decellularization involves treatment of fresh esophageal tissue with a combination of
solutions that will remove the cells but maintain the structural characteristics of
the native extracellular matrix. The optimal methodology of esophageal decellularization is currently under investigation. Our experience with the detergent
enzymatic treatment is illustrated here with hematoxylin and eosin staining of a
representative decellularized esophagus demonstrating preservation of the native architecture (Scale bar 100 μm).
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mation, which was attributed to cellular penetration into
the scaffold and loss of cell-to-cell contact[60]. However,
when the same cells were seeded on the 2-D collagen
scaffolds a single layer of epithelium was evident following 3 wk of in vitro culture that remained viable up to 6
wk. The same group has also performed in vivo studies of
vascularization of the EEC-scaffold construct by omental
transplantation in lambs for 8-12 wk[61]. Positive selection
of the epithelial population could increase proliferative
capacity as demonstrated by Kofler et al[62], who selected
ovine EEC for expression of pancytokeratin (PCK) using
fluorescence activated cell sorting. The PCK-negative subpopulation had minimal cell attachment on the collagen
scaffolds, whereas the PCK-positive cells had a uniform
distribution.
In vivo experiments using EEC-scaffold constructs,
similarly to results in acellular approaches, have shown
more promise for regeneration of partial rather than circumferential defects in rats and dogs[63-65]. An innovative
approach recently described seeded cells on a temperature-responsive dish that became hydrophilic at 20 ℃ and
allowed harvesting of a single-cell sheet[63]. When the cell
sheets were transplanted in dogs that had undergone endoscopic submucosal resection, complete wound healing
was observed at 4 wk with no signs of stricture and an
intact epithelium. Wei et al[64] obtained mucosal epithelial
cells from oral biopsy, or esophageal organoid units created following digestion of rat esophagi[65]. These were
seeded onto scaffolds and implanted as complete esophageal substitutes, but histology of the resultant muscle layers showed poor architecture.
To overcome the limitations of using EEC in isolation, esophageal constructs prepared using EEC-seeded
collagen scaffolds were placed on the latissimus dorsi
muscle of athymic mice with the intention to harvest and
tubularize the muscle once the epithelial side has matured[66,67]. Miki et al[68] found an increase in the number
of epithelial layers from 2 when EEC seeded alone, to 18
when co-seeded with fibroblasts. A more recent study by
Hayashi et al[69] cultured both epithelial and fibroblast cells
on a bed of smooth muscle cells (SMC) embedded in a
collagen gel in vitro, prior to transplanting them on the latissimus dorsi of athymic rats. Nakase et al[70] also aimed to
combine different cell lines and scaffolds into one tubular
structure in dogs. They used oral keratinocytes and fibroblasts cultured on human amniotic membrane and SMC
seeded on poly (glycolic acid). These two scaffolds were
then rolled together and implanted into the omentum for
3 wk, following which they were transplanted into a 3-cm
intrathoracic esophageal defect. Both muscular and epithelial layers were present at 420 d of follow-up, although
no peristaltic activity was observed.

is no clear strategy for recreating all the portions of the
esophagus in man[71,72]. The problems that need to be
solved are related to the optimal scaffold, the cell sources
for the epithelial and muscular components, peristalsis
and vascularization (Table 1). The stenotic changes that
are the main complication encountered with esophageal
constructs are likely related to poor regeneration of natural architecture.
The recent trend in organ tissue engineering has been
to use decellularized scaffolds. It has been suggested
that they would be an advantageous choice due to their
enhancement of cellular proliferation, migration and differentiation. However, the lack of positive results when
trying to replace a tubular defect, confirms that the use of
biomaterials alone as a means of esophageal repair is unsuccessful. We envisage a point where “smart polymers”
may replace scaffolds of biological origin and facilitate an
“off-the-shelf ” approach to esophageal tissue-engineering.
Our group and collaborators in Sweden have used polyhedral oligomeric silsesquioxane-poly (carbonate-urea)
urethane, a synthetic material used in clinical trials of vascular grafting, as an alternative to biologic scaffolds in the
generation of tracheal scaffolds[73]. These have the added
advantages of being tailor-made and retain biomechanical properties indefinitely, whilst there is no need for an
organ donor, with all the attendant convenience, infection
and ethical issues of the latter. However, early experience
shows that these scaffolds do not epithelialize or vascularize easily[27]. The study of cell-scaffold interactions is likely
to substantially inform the development of better biomaterials for organ and tissue regeneration. Ritchie et al[74]
found that esophageal muscle cells seeded onto collagen
membranes required mechanical stimulation to retain
normal contractile properties in a bioreactor, showing the
importance of a multidisciplinary engineering approach
to this problem, but we could find no other references
to the application of bioreactors to esophageal tissueengineering. Ex vivo models, such as bioreactors and
microfluidic organotypic chambers, are urgently required
in order to explore the effects of varying stem cell/cellscaffold-signaling combinations in the generation of
functional esophageal tissue pre-implantation.
The general consensus indicates a significant advantage in repopulating scaffolds with cells prior to implantation. Studies that have seeded EEC have had positive
results in repopulating the epithelial layer, both as an onlay
patch[63,64] and as a total interposition graft[65]. Nevertheless, as with cell-free approaches, in cases in which only
the lumen was seeded, there was a poor regeneration of
the muscular layer, indicating a need for co-seeding with
SMC. This is not a surprise, since esophageal strictures
can be managed clinically easily with an intestinal patch
(free graft) as partial substitution while they have very high
chance of recurrence when such material is used to repair
the whole circumference. Studies are required to identify
the optimal cell types and sources to repopulate esophageal scaffolds. Ideally, cell sources should be autologous,
easy to harvest, highly proliferative, and should have the

FUTURE PERSPECTIVES
Based on the above literature, it is clear that although tissue engineering has been proposed as a solution for the
current treatments of esophageal defects, currently, there
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ability to differentiate into many specialized cell types.
Equally important to muscular regeneration is the
challenge of replicating peristaltic contractility and a vascular supply in an artificial esophagus. Watanabe et al[75]
developed nickel-titanium, shaped-memory, alloy coils,
which were placed in an annular manner on a Gore-Tex
vascular graft for esophageal replacement. Interestingly,
low-voltage electrical current passing through the coils
generated peristaltic movements in the artificial esophagus
implanted in a goat model, suggesting that re-provision of
appropriate muscular stimuli, either by enhanced neural
regeneration or by electrical means, may be a profitable
route for investigation if functionally normal swallowing is to be achieved. What is more, we propose that the
physiological contribution of neural crest cells is a prerequisite for functional peristalsis.
Regarding the vascular component, the esophagus
holds an additional challenge due to the tenuous intrinsic
vascular anatomy of the esophagus in man and the association of stenosis with poor vascularization. Wrapping the engineered esophagus in the omentum prior to
thoracic transplantation is one potential solution, as proposed by Nakase et al[70]. However, results in this instance
as well as in our use of omental wrapping for transplantation of tissue-engineered tracheas in humans[35] were
sub-optimal. More preclinical work on revascularization
strategies is required. The use of intraluminal stents is another solution to avoid stenosis. Where collagen scaffolds
were used in the above studies, the stenosis and mortality was inversely correlated to the length of stay of the
intraluminal stent[29,31]. The use of stents allows time for
epithelial and muscular migration onto the cell-free scaffolds. In our recent pediatric tissue engineered trachea
transplant[35] we also used bio-absorbable stents, which
were engineered using large mesh that allows epithelial
ingrowth and persists for about 6 wk before complete
degradation[76,77].
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CONCLUSION

15

In the near future, tissue engineering may represent a valid
therapeutic alternative to treat severe congenital or acquired esophageal disorders. We present possible lines for
investigation that could indicate what such products will
look like, but propose that, in the short- to medium-term,
a combination of decellularized scaffolds with muscle and
epithelial cells of autologous (including autologous stem
cell) origin are likely to be the most expeditious route. Major questions of vascularity, cell-cell and cell-scaffold interaction, and motility remain outstanding, however, before
the bioengineered neo-esophagus becomes an established,
effective treatment for complex congenital and acquired
malformations in adults and children.
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Abstract
The increasing shortage of donors and the adverse effects of immunosuppression have restricted the impact
of solid organ transplantation. Despite the initial promising developments in xenotransplantation, roadblocks
still need to be overcome and this form of organ support remains a long way from clinical practice. While
hepatocyte transplantation may be effectively correct
metabolic defects, it is far less effective in restoring liver function than liver transplantation. Tissue engineering, using extracellular matrix scaffolds with an intact
but decellularized vascular network that is repopulated
with autologous or allogeneic stem cells and/or adult
cells, holds great promise for the treatment of failure
of organs within gastrointestinal tract, such as endstage liver disease, pancreatic insufficiency, bowel
failure and type 1 diabetes. Particularly in the liver
field, where there is a significant mortality of patients
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INTRODUCTION
Failure of abdominal organs is a significant cause of
morbidity and mortality (Table 1). Patients with organ
failure may benefit from non surgical therapies, such as
insulin for endocrine pancreatic failure, parenteral nutrition for bowel failure and renal replacement therapy for
renal failure. Until now, solid organ transplantation, and
less convincingly cellular transplantation, represent the
only way to provide a definitive treatment for organ fail-
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ure, although the long-term impact is limited.

1

Table 1 Deaths in United Kingdom and United Kingdom
2
Transplant Activity

SOLID ORGAN TRANSPLANTATION

Overall
New
Waiting list Re- Trans- 3 yr post
deaths registrations at 31/3/10 movals plants transplant
survival

Over the last half a century, there have been major advan
ces in the field of transplantation because of improved
surgical techniques, anaesthesia, immunosuppression
and peri-operative care. All these elements substantially
improved patient and graft survival. Five-years patient
and graft survival rates of 73% and 68.4% can nowadays
be achieved in liver transplantation (LT), but still relatively poor long-term results are obtained for intestinal
and pancreas transplantation with five-year patient and
graft survival rates of 47% and 38%, and 82% and 52%,
respectively[1].
The major limitation to the widespread use of transplantation is the scarcity of organs. The gap between
available organs and potential recipients increases every
year, giving rise to serious ethical and practical dilemmas of equity and utility when allocating the organs. In
March 2011, the United Network for Organ Sharing
reported a solid organ transplant waiting list of 110 600;
16 133 patients were listed for liver, 1389 for pancreas
and 262 for intestine transplants. The absolute numbers
of transplants in 2010, in contrast, was 6291, 351 and
151 for liver, pancreas and intestine, respectively. These
figures clearly illustrates that many patients will never
benefit from transplantation and die on the waiting list[1].
The problem is even greater than these figures suggest
as not all those who might benefit from transplantation
are listed. In the United Kingdom, patients with chronic
liver disease are listed only when estimated likelihood
of death without transplant is greater than likelihood of
death following transplantation. This estimation of survival is calculated based on validated models using objective laboratory data incorporated in scores such as developed by the Model for End-Stage Liver Disease (MELD)
or United Kingdom End-stage Liver Disease (UKELD).
The UKELD score includes, besides the MELD parameters, serum creatinine, bilirubin and INR, also serum
sodium. The latter score seems to have an improved
predictive accuracy. A UKELD score of over 49 predicts
a > 9% 1-year mortality without liver transplant; this is
the minimum criteria for entering the waiting list in the
United Kingdom[2]. In the United States, survival benefit
starts when MELD score exceeds 17, unless the patient
has other co-morbid factors, such as liver cancer, affecting prognosis or unacceptable quality of life because of
liver disease. In the United Kingdom, candidates for LT
must also have a greater than 50% probability of surviving for 5 years post transplant with a quality of life acceptable to the patient[3].
Although not used as a direct criterion for selection
or allocation, development of the concept of transplant
survival benefit, i.e. the extra years of life attributable to
transplant, might facilitate more effective use of scarce
organs and restrict access to those whose lives will be
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Liver
Pancreas
Small
bowel

7503
52233
45

962
3004
NA

371
335
NA

123
22
NA

679
200
21

85%
74%
NA

1

United Kingdom deaths from United Kingdom Mortality Statistics, London National Statistical Office, 2010; 2United Kingdom Transplant Activity
from National Health Service Blood and Transplant Activity Report 2010,
Bristol; 3Deaths for diabetes; 4Including 243 kidney and pancreas transplantations; 5Deaths in 2005. Note: Overall deaths include all causes and
all ages so many of those who died would not be suitable for transplantation. NA: Not available.

extended minimally or not at all. However, it has proved
very difficult to develop robust modelling on which to
base such a benefits based approach to liver allocation.
In case of diabetes mellitus, numbers on waiting lists
also underestimate the need for transplantation as this
therapeutic modality is primarily applied to patients in
need for a combined pancreas-kidney transplantation.
Transplantation for diabetes alone is restricted, in many
centers, to some patients, with hypoglycemia unawareness and brittle diabetes. The adverse consequences of
immunosuppression, such as the increased risk of some
infections and malignancies need to be balanced against
the potential benefits of improved glycemic control so it
is not clear which patients with diabetes mellitus might
benefit from transplantation.
In part because of cultural and logistic issues, deceased donor rates vary considerably between countries,
ranging from 2 per million population in Greece to 35
per million population in Spain[4]. The success of public
health initiatives, leading to better awareness for vascular
diseases such as hypertension and reduction in fatal road
accidents, resulted in a fall in the number of “traditional
ideal” (young post-traumatic) organ donors and an increase in the use of “high risk” donors, such as older
and obese donors and donors after circulatory arrest[5].
The increasing donor risk profile partly negates the benefits made by better surgery and peri-transplant care.
To increase the number of available organs, several
technical advances and policies have been adopted. Using extended criteria donors (ECD) and donation after
circulatory death (DCD) [also referred to as non-heart
beating donors (NHBD)] and implementing split LT
(SLT), domino or living donor LT can contribute to enlarging the donor pool. All these techniques and policies
are however not free from additional risk and therefore
their use raises medical and ethical concerns as welfare
of both the living donor and recipient may be compromised. Indeed all these allografts from deceased donors
carry an increased risk of primary non-function, early
or delayed dysfunction and possibly a greater risk trans-
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mission of infection and cancers[6]. It has been clearly
shown that ECD organs, defined as organs originating
from donors dying from cerebrovascular catastrophe,
DCD, longer ischemia time, older age and steatosis compromise outcome. Severe allograft steatosis, defined as
> 60% fatty infiltration, is associated with a greater risk
of primary graft dysfunction and lower patient and graft
survival[7]. Grafts with more than 30% steatosis have
been reported to be safe in low-risk recipients but associated with more risk in recipients with MELD scores
greater than 30[8]. Clinical estimation of the degree of
fatty infiltration correlates poorly with histologic assessment.
Guarrera et al[9] have undertaken a pilot study designed to evaluate the safety and feasibility of liver preservation with hypothermic machine perfusion (HMP),
a technique widely used in kidney transplantation[10] although its potential has been shown in animal models of
LT. Compared to standard cold preservation in human
LT, HMP appears safe, may improve graft function and
is reported to be associated with a reduction in preservation injury (PI). This strategy is likely to be most beneficial in older, steatotic and DCD grafts, which are most
susceptible to PI.
Models investigating the interaction between donor
and recipient risk profiles have been developed to predict the likelihood of graft and patient survival after LT.
Feng et al[11] recently identified, in a large donor cohort
study, nine factors (age, height, DCD donors, split liver
grafts, black race, cause of death from cerebrovascular
accident, regional sharing and cold ischemia time) which
were associated with graft failure. As a corollary, a donor risk index predicting the effect of these variables
on graft survival was developed[11]. It is clear that it will
become more and more important to match donor risk
score with recipient risk score in order to assure an acceptable outcome for the recipient.
SLT has been developed as a strategy to increase the
number of liver grafts by creating 2 grafts from 1 donated liver. The bipartition of a liver is especially important
in the small group of pediatric patients for whom sizematched whole liver allografts are scarce. Indeed the use
of split grafts has been associated with a reduction in the
risk of death on the pediatric waiting list; although some
centers have reported an increased risk of graft failure,
the split procedure for adult-pediatric pair is now accepted as a valuable technical variant in pediatric LT[11,12].
Donor selection for splitting, technical and logistic expertise to decrease total ischemia time are all important
factors for a successful outcome of the procedure. This
technique is much less successful in the adult-adult split
constellation.
In order to expand further the donor pool, organs
from DCD donors are increasingly used in liver and
pancreas transplantation, especially in the United Kingdom and the Netherlands. Liver and pancreas grafts are
usually restricted to those originating from controlled
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donors - those donors in Maastricht category Ⅲ (awaiting
cardiac arrest)[13]. However in Europe, legal constraints
do not allow use of NHBD in all countries[14]. Although,
DCD LT can have good outcome, their use is associated
with a significantly higher risk of graft failure[13-16], severe
biliary complications and higher costs[17-19]. However,
increasing understanding of the pathophysiology of the
events surrounding DCD and better selection and timing may improve outcome in the future.
Several reports described successful islet isolation
and transplantation from DCD donors[20-24]. These donors could provide an important resource for islet transplantation if used under strict criteria and in multiple
transplantation, particularly in countries where heartbeating donors are not readily available.
The use of DCD organs has not been deemed suitable to intestinal recipients because of concerns about
organ quality.
With respect to transplantation of organs of the
gastrointestinal system, living donation is essentially
confined to LT. Better understanding of the anatomy
and increasing surgical skills has allowed living donor
liver transplants (LDLT) to become a routine procedure in some, especially Asian, centres. LDLT has been
widely adopted in Asia because of the very low rates of
deceased organ donation and because of the very high
incidence of liver cancer. LDLT accounts for over 95%
liver transplants in Asia. In 2008, a Chinese series of 234
right-liver living donor liver transplants showed 1-, 3-,
and 5-year overall survival rates of 93.2%, 85.7%, and
82.4%, respectively, comparable with deceased donor
liver transplant outcomes[25]. Good outcomes have been
shown even when using grafts with a graft-to-recipient
weight ratio (GRWR) < 0.8%, with a rate of small-forsize syndrome similar to those receiving graft with a
GRWR > 0.8%, provided the recipient is receiving the
graft from a young donor[26].
In the Western world LDLT is practised much less
frequently because of the greater availability of deceased
donors but also because of major concerns with donor
mortality, especially when transplanting the right lobe
which is associated with an estimated risk of donor
death of 0.08% and a morbidity around 20%. The reported morbidity and mortality data underestimate the
real risk. There have been anecdotal reports of donors
requiring a transplant for hepatic failure. The outcome
of LDLT is good with a 1-, 5- and 10-years graft survival of 81%, 70% and 68%, respectively[27-30]. The survival
rates after LDLT are better than full size deceased donor
LT in children but somewhat lower in adults[29].
However, not all liver transplant candidates have suitable donors. Altruistic (non-directed) liver donation is
done very rarely although the number of altruistic kidney donations, while still small, is increasing slowly.
Living donor bowel transplantation has been reported as an additional resource for patients with intestinal failure with total parenteral nutrition-related life-
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threatening complications[31]. However the very limited
data from the Intestinal Transplant Registry do not
demonstrate a clear advantage of living donor intestine
donation over deceased donor intestine transplant[32-34].
The early outcomes of combined intestinal and LT using living donors are promising and the elimination of
the high mortality on the cadaver waiting list (30%) for
this category of patients represents a substantial advantage[35].

circulating xenoantibodies and the porcine liver graft was
placed in a heterotopic position. The pig liver was rejected in few hours and the patient died before a human
liver became available[45].
Significant roadblocks, such as the immunologic hurdle of cross species transplantation and transmission of
infections, particularly endogenous retroviruses, need to
be overcome before pig organ xenotransplantation can
become a clinical reality. Furthermore, the physiological
impact of xenotransplantation remains unclear as shown
by the immunogenicity and uncertain physiological functioning of pig proteins in the maintenance of homeostasis.
Progress is being made in this difficult field of tran
splantation as shown by the report of encouraging
outcome of pig hepatocyte xenotransplantation with
the benefit of the lack of an acute humoral xenograft
rejection, the immediate restoration of the liver function and the resistance to specific human viruses[46]. Are
equally encouraging the results of xenotransplantation
of encapsulated pig islet cells with the aim to prevent
antibody or T-cell contact with islets, allowing though
insulin to reach the systemic circulation[47]. However, this
xenotransplantation remains illegal at this time.

Limitations of solid organ transplantation
Transplantation is associated with a significant improvement in both quality and quantity of life for most organ
recipients but does not reach normal values[36]. Patient
and graft survival is limited by many factors including
recurrent disease, immune mediated graft damage, technical problems and long-term infectious, malignant and
cardiovascular consequences of immunosuppression. It
is noteworthy that recurrent hepatitis C virus (HCV) allograft infection is almost universal and associated with
a worse outcome compared with most other indications,
yet HCV related cirrhosis is one of the leading indication for LT in the Western world[37].
Although operational tolerance is found in a small
proportion of highly selected liver allograft recipients,
most patients will require life-long immunosuppression.
Attempts to induce tolerance strategies which are successful in the laboratory, have yet to be reliably achieved
in man[38].
Transmission of donor-related disease, especially
some infections and cancers, can be mitigated but not
abolished[39].

CELLULAR TRANSPLANTS
Cellular transplants are being used in a very limited nu
mber of indications, such as use of pancreatic islets for
diabetes mellitus[48] and hepatocytes for some metabolic
liver diseases and parenchymal liver diseases[49]. The Collaborative Islet Transplant Registry reports that the majority of islet transplant procedures are performed in the
islet transplantation alone setting, with Islet-after-KidneyTransplantation representing only a small fraction of all
islet transplants performed[50].
Islet transplantation is limited to a highly selected
group of patients with type 1 diabetes (T1DM) and aims
to achieve adequate glycemic control and removal of
need for exogenous insulin[48] (Table 2). Islet transplantation is associated with short-term benefits of insulin
independence, normal or near normal HbA1C levels,
sustained marked decrease in severe hypoglycemic episodes and a return of hypoglycemia awareness. However the long-term efficacy is disappointing. In 2006, an
international, multicenter trial reported on 36 subjects
with T1DM; insulin independence with adequate glycemic control at 1 year after the final transplantation was
achieved in only 44% of patients and 31% remained
insulin-independent at 2 years[51]. Follow-up of a larger
cohort of 65 patients showed that insulin independence
was achieved in 69% at 1 year, 37% at 2 years and only
7.5% at 5 years[52].
A successful islet transplantation can effectively reverse and stabilize the risk of secondary diabetic complications. The Vancouver group compared islet recipients
to best medical therapy and found that islet transplanta-

XENOTRANSPLANTATION
Research in xenotransplantation has grown in the last decades[40,41]. The use of knock-out pigs with multiple gene
modifications reduced the frequency of hyperacute rejection which was a major problem in earlier models[42,43].
Many physiological restraints, as evidenced by a systemic
inflammatory response involving the innate immune system, by platelet, leucocyte and complement activation,
by coagulation dysfunction associated with coagulationanticoagulation incompatibilities of primates and pigs,
remain. The transplantation of porcine organs has been
carried out in non-human primates with better outcomes
with pig hearts or kidneys compared with pig livers, the
main problems being in the latter a coagulation dysfunction with thrombocytopenia leading to spontaneous
bleeding[44]. However, pig livers may provide sufficient
function to maintain short term support and might so
be used in patients with acute liver failure, either until
the native liver recovers or as a bridge to liver allograft.
Only one clinical pig-to-human LT has been reported so
far by a surgical team in Los Angeles headed by Leonard
Makowka, in a patient with fulminant hepatitis. The patient underwent preoperative plasmapheresis to remove
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sible alternative to LT (Table 2)[56]. About 30 patients
had HT for liver-based inborn errors of metabolism;
the main indication was urea cycle defects. About 5%
of newly formed, exogenous-derived, cells natively expressing the gene involved in the disease, suffice to significantly alleviate the consequences of many congenital
liver metabolic diseases[57]. The procedure seems to be
safe and results are encouraging; however, as seen in the
field of islet transplantation, cell function often declines
within 1 year ending finally up in LT.
A new approach of gene targeting technology has
been recently proposed with the potential of combining
human induced pluripotent stem cells with genetic correction to generate clinically relevant cells for autologous
cell-based therapies for the treatment of some inherited
metabolic disorders[58].
HT in patients with chronic liver failure has been associated with dismal results[59-63]. This might be related,
at least in part, to the presence of fibrosis, which may
impair cell engraftment in the liver[62]. HT has also been
applied in patients with acute and acute-on-chronic liver
failure, in the former with the aim to support the liver
function as a bridge to LT. More than 40 patients with
acute liver failure have been treated worldwide; a part
from an improvement in bilirubin levels and hepatic
encephalopathy, there was no significant impact on
outcome[59]. Two large clinical trials assessed the effectiveness of bio-artificial liver devices including both a
biological component and an artificial scaffold, and both
failed to have a beneficial effect on survival[63,64].
HT is also limited by the availability of livers for cell
isolation. The recipient’s cirrhotic liver as a source for
donor hepatocytes, would be an easily available option,
but it is uncertain whether these cells behave in vivo as
they do in culture.
Establishing banks of cryopreserved hepatocytes is
challenging, because isolated liver cells are very sensitive
to damage. Furthermore, cryopreserved hepatocytes engraft less efficiently than freshly-isolated cells. Another
major issue is their time-limited efficacy, which may
limit the use of HT as a bridge to LT. In contrast, the
use of stem/precursor cells is associated with relatively
easy procurement and as they proliferate well in vitro,
such cells may provide sufficient cell mass available for
transplantation. A further issue in this field is related to
the mechanism of parenchymal integration and repopulation of exogenous hepatocytes[65]. “Making space” is
a prerequisite in order to provide an initial regenerative
stimuli; partial hepatectomy, partial embolization and irradiation of the liver all represent effective regenerative
stimuli in animal models, but their efficacy in humans
requires further investigation. Moreover, the exogenous
cells should have a proliferative advantage with respect
to autologous liver parenchymal cells; in order to proliferate some authors suggest that this problem may be
overcome with the use of foetal hepatic progenitors cells
that exhibit an intrinsic biological advantage[66].

Table 2 Conditions where human cell transplants have been
used clinically
Indications
Patients with type 1 diabetes
with severe glycaemic lability,
Islet
recurrent hypoglycemia, and
transplantation
a reduced hypoglycaemia
awareness
Inherited metabolic disorders:
Familial hypercholesterolemia
Urea cycle deficit
α1 antitrypsin-deficiency
Glycogen storage dz 1a
Infantile refsum's dz
Factor Ⅶ deficiency
Crigler-Najar type 1 syndrome
Hepatocyte
Progressive familial intrahepatic
transplantation
cholestasis
Chronic liver failure
(Child A-C)
Acute liver failure
(as bridge to transplant)

Ref.
Shapiro et al[84]
Shapiro et al[51]
Ryan et al[52]
Matsumoto et al[54]
Strom et al[57]
Vantyghem et al[85]
Grossman et al[86]
Strom et al[87]
Horlsen et al[88]
Mitry et al[89]
Fox et al[90]
Muraca et al[91]
Sokal et al[92]
Dhawn et al[93]
Hughes et al[62]
Ambrosino et al[94]
Sterling et al[61]
Mito et al[60]
Strom et al[95]
Strom et al[57]
Sterling et al[61]
Habibullah et al[96]
Bilir et al[97]

tion had a better impact upon risk of secondary complication[53].
In contrast to the time consuming and expensive
islet isolation from donor pancreas, islet transplantation
is minimally invasive and carries a low morbidity and
mortality compared to whole pancreas transplantation
because the islets can be infused percutaneously into the
hepatic portal vein. However, its use is limited because
of the shortage of high quality donor pancreases, the
high cost of the isolation procedure, the maintenance
of a specialised human islet isolation laboratory, the
need for life-long immunosuppression and the need of
multiple organs to obtain enough islets. The ability to
achieve single-donor islet transplantation would provide
many more islet grafts and also increase the number of
recipients with T1DM. Although Matsumoto et al[54] recently published a protocol describing successful singledonor islet transplantation, further studies are needed
to confirm the benefit of this protocol. Recipients of
IT are also exposed to a wide range of human leukocyte
antigens from multiple donors due to repeated islet infusions, which are still, in many units, matched for ABO
blood group only. The development of antibodies may
be an important issue in end stage diabetic patients also
requiring a kidney transplant, as their appearance possibly limits the chance to find a compatible kidney[55]. It
may therefore be difficult to resolve the competing requirements of islet and renal transplantations.
The research in hepatocyte transplantation (HT) has
shown encouraging results in particular in the treatment
of some inherited metabolic disorders, and have raised
expectations for a new therapeutic approach as a pos-
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and repopulated with autologous cells. After maturation, the construct was implanted in the arm of a patient
suffering from a major esophago-tracheal defect and retrieved after 7 d; the construct showed patent vessels and
viable cells, showing that sustained the implantation[76].
The attraction of a failing organ being replaced by
a bioengineered organ generated from a decellularized
scaffold and seeded with autologous stem cells is obvious but not without limitations. It will take time to isolate and grow such organs or sufficient cells to provide
adequate function so this approach would not be an
option for those with acute liver failure where liver replacement is required within some days and liver assist
devices have yet to demonstrate an effective role. Similar
time constraints may also preclude the use of such organs in patients with primary liver cancer. The use of autologous stem cells, able to differentiate into the kind of
required cells and with the potential to expand without
limitation, may resolve the issue of rejection and longterm immunosuppression requirement, even though very
little is understood regarding the host immune response
to bio-engineered constructs.
However, organs derived from autologous stem cells
may be subject to the same risk of damage from virus
or immune mechanisms that result in the failure of the
native organ. Recurrent HCV allograft infection remains
a major cause of graft failure despite major advances in
antiviral treatments and recurrent autoimmune diseases
such as diabetes or autoimmune hepatitis, contribute to
graft loss despite associated immunosuppression. Without genetic modification, autologous stem cell derived
organs or cells will not correct the disease resulting from
metabolic conditions that result in cirrhosis and so leading to organ failure, such as is seen in Wilson’s disease or
tyrosinosis. Organs or cells derived from allogeneic stem
cells would provide an alternative to deceased donor
organs and so mitigate against the organ shortage and allow greater access to life-saving care. The application of
bone marrow-derived stem cells has shown good results
in small groups of patients however in the absence of
control groups[71,72,77,78].
In addition to supplementing or replacing the traditional abdominal organs from living or deceased donors,
RM could be of help in other patient groups such as
those with inflammatory bowel disease and selected small
bowel disease refractory to treatment. Non-responding
patients frequently require surgery to control symptoms,
although such interventions will not necessarily resolve
their disease. An approach based on new findings of
RM could drive major changes in management and treatment of such diseases. RM therapy can become effective
either in repairing damaged intestinal tissue and correcting immunological underlying disorders. Therefore, RM
should not only be considered as a potential therapy for
patients with inflammatory disease refractory to standard
medical and biological therapy but, hopefully, as a curative treatment that allows achievement of long-lasting

REGENERATIVE MEDICINE AND TISSUE
ENGINEERING
The manufacturing of bioengineered organs in the lab
oratory starting off from autologous differentiated cells
and/or stem cells is undoubtedly ground-breaking and
exciting for the transplant community. As there will
always be more potential recipients than donors, many
researchers are working in the field of artificial tissue engineering (TE) and regenerative medicine (RM).
In 2006, Atala et al[67] of the Wake Forest Institute for
Regenerative Medicine in Wiston-Salem, North Carolina,
implanted bladders engineered ex vivo from the seeding
of autologous cells onto artificial supporting scaffolds;
in 2008 the same group implanted a trachea manufactured from human components[68]. However, solid organs with lots of blood vessels, such as liver, pancreas
and bowel are harder to grow.
Progresses in the development of clinically feasible
liver TE approaches, has been hampered mainly by
insufficient cell-to-cell contact of the engrafted hepatocytes. Ohashi et al developed a method of cell sheet
technology to engineer a uniformly continuous sheet
of hepatic tissue using isolated primary hepatocytes
cultured on temperature-responsive surfaces. Sheets of
hepatic tissue transplanted into the subcutaneous space
resulted in efficient engraftment to the surrounding cells,
with the formation of two-dimensional hepatic tissues
that stably persisted for longer than 200 d and showed
several characteristics of liver-specific functionality.
Decellularization-recellularization technology has
done steps forward in order to manufacture liver organoids. Uygun et al[69] decellularized rat livers and repopulated them with rat primary hepatocytes, showing hepatic function. Atala’s group implemented the technique
by bioengineering livers with human cells[70,71].
Extracellular matrix (ECM) scaffolds might provide
the desired natural environment to enhance current cellbased approaches aimed at producing large quantities
of functional pancreatic endocrine cells[72,73]. However,
compared to islet transplantation, whole organ transplantation using ECM scaffolds is clearly more invasive,
requiring revascularization and possibly even exocrine
drainage.
Primary hurdles to intestinal bioengineering are the
functional regeneration of diverse motility patterns and
the complexity of intestinal anatomy.
The implantation of organoid units of intestine has
been successful in rats and pigs; however, this technology
is time consuming and expensive, as several centimetres
of bowel are needed to obtain a sufficient number of organoid units able to repopulate just a few centimetres of
engineered intestine. Moreover, organoid units cannot be
cultured and grown easily in vitro[74,75]. Decellularizationrecellularization technology has been used to engineer
less complex gut structures such as the esophagus. A
10-cm segment of porcine jejunum was decellularized

WJG|www.wjgnet.com

6913

December 21, 2012|Volume 18|Issue 47|

Carbone M et al . Regenerative medicine and tissue engineering in gastroenterology

remission.
RM could also have a great impact in the area of
gastrointestinal motility disorders, particularly those
associated with the aganglionic gut or Hirschsprung’s
disease and other congenital or acquired enteric nervous
system disorders, and may obviate the need for surgical
therapies that, although life-saving, are associated with
an unsatisfactory long-term prognosis for many.
RM and TE have the enormous potential to help
not only those patients who would otherwise be candidates for liver, pancreas or bowel transplantation but
also those who would not, under current restrictions,
be eligible for listing. Despite promising pre-clinical results[69,73-75,79-83], many critical aspects of cell therapy and
TE need to be further addressed, including long-term
safety, tolerability and efficacy in the clinical setting,
and last but not least the development of an European
Medicines Agency/Food And Drug Administration approved product, before they become protagonists of a
new scientific era. Doubts whether such aspirations can
be fulfilled in the near future remain, despite the significant advances already made, uncertain. Lessons from
other technologies, such as gene therapy, suggest that
expectations must be managed carefully.
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NEUROMUSCULAR FUNCTION OF THE
GUT: NEUROMUSCULAR TUBES AND
SPHINCTERS
The digestive tract is designed for the optimal processing
of food that nourishes all organ systems. The esophagus,
stomach, small bowel, and colon are sophisticated neuromuscular tubes with specialized sphincters that transport
ingested food-stuffs from one region to another. Peristaltic contractions move ingested solids and liquids from the
esophagus into the stomach[1]; the stomach mixes the ingested nutrients into chyme and empties chyme from the
stomach into the duodenum[2]. The to-and-fro movement
of the small bowel maximizes absorption of fat, protein,
and carbohydrates[3]. Peristaltic contractions are necessary
for colon function and defecation[4].
Sphincters of the digestive tract, on the other hand,
have intrinsic muscle tone that produces sustained (tonic)
pressure zones. The sphincteric pressures regulate movement of luminal content produced by the peristaltic contractions. Relaxation of the lower esophageal sphincter
(LES), for example, allows the entry of esophageal content into the stomach[5]; contraction and relaxation of the
pyloric sphincter regulates movement of gastric content

Abstract
The digestive tract is designed for the optimal processing of food that nourishes all organ systems. The
esophagus, stomach, small bowel, and colon are sophisticated neuromuscular tubes with specialized sphincters
that transport ingested food-stuffs from one region to
another. Peristaltic contractions move ingested solids
and liquids from the esophagus into the stomach; the
stomach mixes the ingested nutrients into chyme and
empties chyme from the stomach into the duodenum.
The to-and-fro movement of the small bowel maximizes
absorption of fat, protein, and carbohydrates. Peristaltic
contractions are necessary for colon function and defecation.
© 2012 Baishideng. All rights reserved.
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into the duodenum[6]. The ileocecal valve regulates flow
of content from the ileum into the cecum[7]. The internal
anal sphincter (IAS) regulates the elimination of rectalsigmoid content[8]. Sphincters not only provide resistance
to flow in the areas distal to the sphincter but also limit
the retrograde movement of intraluminal content into
the areas proximal to the sphincter. Thus, normal neuromuscular function of the esophagus, stomach, small
bowel, and colon requires the coordination of the tubular
neuromuscular structures and the relevant sphincters.
Symptoms such as dysphagia, nausea and vomiting, diarrhea, constipation, or incontinence may occur if neuromuscular function of the esophagus, stomach, intestine,
and colon is disturbed, resulting in neuromuscular disorders such as achalasia, gastroesophageal reflux, gastroparesis, intestinal pseudo-obstruction, colonic inertia, and
fecal incontinence, respectfully[1-4,9,10].
The wall of gastrointestinal tract organs contains
circular and longitudinal smooth muscle layers, the enteric nervous system including the myenteric plexus, and
the interstitial cells of Cajal (ICCs) which control the
rhythmicity of contractions[11,12], all of which are targets
for tissue bioengineering[13]. The gastrointestinal tract
wall is innervated by vagal afferent and efferent fibers
and inputs from the sympathetic nervous system. Thus,
neuromuscular disorders of the gastrointestinal tract may
involve damage to the smooth muscle, enteric nerves,
ICCs, extrinsic neurons, or all cell types. Neuromuscular
diseases such as achalasia, gastroparesis, intestinal pseudo-obstruction, and colonic inertia represent the most
severe forms of neuromuscular diseases of the gastrointestinal (GI) tract[14-17]. These disorders are very difficult
to treat, and very few drugs are designed to improve GI
neuromuscular function. Table 1 shows a summary of
the human neuromuscular disorders from selected areas
of the GI tract, the key neuromuscular abnormalities,
the clinical neuromuscular diagnosis, and the medical and
surgical treatments currently available for these diseases.
In the most severe neuromuscular diseases, surgery is
often required to improve symptoms. For example, a myotomy of the LES may be necessary to treat severe dysphagia due to achalasia. Partial resection of the colon and
pull-through operations may also be necessary to treat
drug-refractory, severe constipation or marked colonic
dilation. Colectomy may be needed to correct aganglionic
segments of colon as seen in Hirschsprung’s disease.
While a surgical approach may relieve one set of symptoms, the consequence is often secondary neuromuscular
disorders. After myotomy is performed for achalasia, for
example, gastroesophageal reflux may occur and require
drug treatment or fundoplication. Problems with fecal
incontinence may also occur after colonic resection.
In this review, the normal neuromuscular function
and disorders of neuromuscular function of the digestive organs in humans are discussed. We will focus on
advances in regenerative medicine as an innovative and
potential cure for GI neuromuscular diseases. The goal
of this novel technology is restoration of the neuromus-
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cular function of the bowel wall. A regenerative medicine
approach aims to bioengineer “functional” circular and
longitudinal smooth muscle, enteric neurons, ICCs, and
mucosa in the correct anatomical configurations in order
to produce normal physiologic gut functions. GI neuromuscular disorders are particularly suited to regenerative
medicine approaches because drug and surgical therapies
are extremely limited.

ESOPHAGUS: NEUROMUSCULAR
FUNCTION AND DYSFUNCTION
The esophagus is a neuromuscular tube with an upper
esophageal sphincter formed by the cricopharyngeus
muscle, the esophageal body, and the lower esophageal
sphincter at the esophagogastric junction. Peristaltic
waves in the esophageal body move ingested solid and
liquid foods from the proximal esophagus to the distal
esophagus and into the stomach during relaxation of
the lower esophageal sphincter (The upper esophageal
sphincter is striated muscle and disorders will not be
addressed). Neuromuscular disorders of the esophagus involve the esophageal body, the lower esophageal
sphincter, or both and are listed on Table 1. For example,
peristaltic esophageal contractions with abnormally high
amplitudes are associated with chest pain and dysphagia
and are termed the “nutcracker esophagus”[18]. On the
other hand, low amplitude and simultaneous contractions
of the esophageal body are associated with achalasia and
scleroderma[19]. High amplitude contractions of the nutcracker esophagus may be treated with nitrates, but there
are no medical or surgical treatments for low-amplitude
simultaneous contractions of the esophageal body.
Neuromuscular disorders also occur in the LES. Increased LES pressure and decreased LES relaxation after
swallows are the key neuromuscular features of achalasia[19]. The hypertensive lower esophageal sphincter may
be treated with nitrates, Botox injections, balloon dilation,
or surgical myotomy. In contrast, a low amplitude LES
pressure is associated with gastroesophageal reflux. There
are no specific drug treatments available to increase LES
pressure, but radiofrequency ablation[20] and augmentation of the LES are device-related treatments that increase LES pressure[21].
Regenerative medicine methods to produce patches
or segmental portions of the esophageal wall have been
studied in dogs. In a study by Nakase et al[22], keratinocytes and fibroblasts (KF+ group) were cultured on
human amniotic membrane opposed to smooth muscle
tissue on a polyglycolic acid scaffold which was rolled
around a polypropylene tube. Three weeks after implantation of this construct in the omentum, the KF (+) constructs had developed into tubes with stratified squamous
epithelium and smooth muscle-like tissue. The KF (-)
constructs lacked keratinocytes and fibroblast layers and
developed luminal obstructions 2-3 wk after implantation into the esophagus. On the other hand, the 3 cm
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Table 1 Neuromuscular disorders of the gastrointestinal tract, current treatments and future regenerative medicine approaches

Esophagus
Body
Lower esophageal sphincter

Stomach
Fundus
Body/antrum
Pylorus
Small intestine
Jejunum/ileum
Ileocecal valve
(sphincter)
Colon
Ascending/transverse
Sigmoid/rectum
Anal sphincter
(internal)

Disorder

Neuromuscular diagnosis

Medical treatment

Surgical treatment

↑ Contraction
↓ Contraction
↑ Contraction
↓ Relaxation
↓ Contraction

Nutcracker
Scleroderma
Achalasia
GERD

Nitrates
None
Botox
Nitrates
None

Myotomy
None
Myotomy
Fundoplication, RFA

Failure of relaxation
Excess relaxation
↓ Contraction
↑ Contraction
↑ Contraction
↓ Contraction

Fundic dysfunction
Fundic dysfunction
Gastroparesis
Dumping syndrome
Pylorospasm
Dumping syndrome

None
None
Prokinetics
Anticholinergic drugs
Botox
Anticholinergic drugs

None
None
None
Reverse small bowel segment
Pyloroplasty
Reverse small bowel segment

↑ Contraction
↓ Contraction
↑ Contraction
↓ Contraction

Obstruction
CIPO
Obstruction
Backwash ileitis

None
Prokinetics/antibiotics/STN
None
antibiotics

Surgical resection
None
Surgical resection
None

↑ Contraction
↓ Contraction
↑ Contraction
↓ Contraction

IBS
Colonic inertia
Anal outlet obstruction
Fecal incontinence

Fiber, anticholinergic drugs
Laxatives, lubiprostone
Laxatives, botox
Fiber, injection

None
Colectomy
Myotomy
Sphincteroplasty
Sacral nerve stimulation

↑: Increase; ↓: Decrease; CIPO: Chronic intestinal pseudo-obstruction; GERD: Gastroesophageal reflux disease; IBS: Irritable bowel syndrome; RFA:
Radiofrequency ablation; STN: Somatostatin.

length KF (+) constructs showed distensibility, but no
peristaltic contractions, when implanted in the esophagus.
Shrinkage of the keratinocytes and smooth muscle also
resulted in a shorter segment of restored esophagus that
was durable up to 420 d in some dogs. Two of the six
KF (+) dogs eventually developed esophageal structures.
Scar formation and shrinkage of tissue engineered oral
mucosa epithelial sheets were also major problems in bioengineered esophageal constructs[22].
Takimoto et al[23] used 5 cm silicone tubes to shape a
collagen sponge matrix into an artificial esophagus. The
construct was implanted in 43 dogs. Strictures occurred
in 27 dogs if the Teflon support tube was removed 2-3
wk after implantation; but, the regenerated esophageal
tissue replaced the esophageal defect if the stent was removed 4 wk after implantation. These regenerated tissues
showed stratified epithelium, glands, and striated muscle,
suggesting that cervical esophageal muscle had grown
into the implant area, not smooth muscle of the esophageal body.
Regenerative medicine approaches to bioengineering the LES have been reported. In canine studies, the
baseline LES pressure increased after skeletal muscle derived stem cells were injected into the LES area. The cells
integrated within the native GI smooth muscle, but no
differentiation of the cells into smooth muscle genotypes
was noted[24]. Regenerated lower esophageal sphincters
need adequate myogenic tone to prevent gastroesophageal reflux, but also need to relax in response to swallows
and the arrival of food boluses in the distal esophageal
body. Furthermore, the LES must relax in response to
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distension of the fundus to allow physiological venting
of stomach air. At this time, functioning neuromuscular
constructs to restore animal or human esophageal body
or sphincter functions are not available.

STOMACH: NEUROMUSCULAR
FUNCTION AND DYSFUNCTION
Fundus and corpus-antrum
The key functional neuromuscular regions of the stomach are the fundus, body/antrum, and pylorus. In healthy
subjects, the fundus relaxes through vagal mediated nitric
oxide pathways in response to swallowing and in response
to solids and liquids entering the gastric fundus from the
esophagus[2]. Ingested solids are triturated by the corpus/antrum until appropriate particle size is achieved. In
humans, peristaltic activities are controlled by 3 cycle per
minute gastric myoelectric activity or gastric slow waves[2].
The triturated food is termed “chyme” and is emptied
through the pylorus into the duodenum by body/antral
peristaltic contractions.
Patients with paralysis of the stomach (or gastroparesis) may have neuromuscular dysfunction of the fundus,
body/antrum, pylorus, or all of these areas. Symptoms
of gastroparesis include early satiety, prolonged fullness,
nausea, and the vomiting of undigested food[25]. Table
1 summarizes major gastric neuromuscular defects and
the associated clinical diagnoses and treatments in gastroparesis. In patients with gastroparesis, the fundus fails
to relax appropriately in response to ingestion of meals;
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other patients have excessive relaxation of the fundus.
Abnormalities of fundic relaxation affect the ability of
the stomach to accommodate ingested food. There are
no established medical or surgical treatments for fundic
dysfunction.
Low amplitude contractions of the corpus and antrum and abnormalities of gastric slow waves (e.g., presence of tachygastrias) results in disturbed peristalsis and
gastroparesis[2,26]. There are few medications available
to treat gastroparesis[27]. Gastric electrical stimulation is
a device used to treatment for the nausea and vomiting
symptoms of severe gastroparesis[28].
Regenerative medicine approaches for the development of gastric tissues are evolving. Araki et al[29] implanted a 5 cm collagen scaffold with silicone layers on
the mucosa side and fabric on the serosa side. The scaffold was soaked in blood or bone marrow aspirate before
implantation. Seven dogs were implanted. During the
16-wk study, the construct developed ulcers that healed,
showed 59%-77% shrinkage in length, and developed
alpha-smooth muscle actin positive cells, but no calponin
staining cells. Maemura et al[30] used rat stomach epithelium organoid cells, a preparation of minced rat stomach
wall that was centrifuged, washed, and placed onto a
tubular mesh. The organoid cells were wrapped in omentum in vivo, harvested after 3 wk, and used to replace the
resected stomach in the same rat. Barium studies showed
emptying from the neo-stomach, but weight in these rats
was no better than rats with total gastrectomy. Histology
showed neo-mucosa and smooth muscle orientation similar to the normal stomach. In the study by Hori et al[31],
mucosal and smooth muscle layers of the canine stomach
were bioengineered, but the construct exhibited no contractions. Ultimately, bioengineered constructs need to
restore peristaltic contractions in the corpus/antrum for
restoring gastric mixing and emptying of food.

relaxation of pylorus muscle strips and improved gastric emptying in neural nitric oxide synthetase (nNOS)
deficient mice. Results suggested the stem cells restored
nNOS function regarding relaxation of the pylorus. The
pylorus is a target for stem cell and regenerative medicine
treatments. At this time, the bioengineered stomach and
pylorus have not reached development for clinical deployment.

SMALL INTESTINE: NEUROMUSCULAR
FUNCTION AND DYSFUNCTION
The small intestine is a hollow neuromuscular tube that
comprises the duodenum, jejunum, and ileum [36]. In
the small intestine, chyme is broken down into smaller
nutritional fragments: amino acids, carbohydrates, and
fatty acids. Normal small intestinal motility and digestive
enzymes from the pancreas and bile from the gallbladder are needed for normal digestion and absorption of
nutrients. The ileum has special features for absorption
of bile salts[37]. The ileocecal valve is positioned between
the distal ileum and the cecum, controls emptying of ileal
effluent into the cecum, and prevents the reflux of cecal
contents into the ileum. The regulation of this process
is poorly understood because the ileocecal valve area is
difficult to study in humans. Normal small intestinal motility includes phase 3, the interdigestive migrating motor
complex, which consists of strong peristaltic contractions
that move distally from the duodenum to the ileum in a
cycle every 90 min during fasting[38]. These contractions
transport indigestible fibers from the small bowel into the
colon.
Neuromuscular disorders of the small intestine are
uncommon in adults. Scleroderma is associated with low
amplitude, poorly organized small intestinal contractions
and idiopathic chronic intestinal pseudo-obstruction
involves disorders of the enteric nervous system and
smooth muscle of the small bowel. In disorders with
poor small intestinal peristaltic contractions, as seen in
chronic intestinal pseudo-obstruction, bacterial overgrowth of the small bowel occurs and leads to malabsorption and diarrhea. There are no treatments for hypocontractility of the jejunum and ileum; however, small
bowel bacterial overgrowth is treated with antibiotics and
somatostatin which may increase the incidence of phase
3 migrating motor complexity. Jejunal diverticula can be
resected surgically if they are thought to be the cause
of symptomatic bacterial overgrowth. Short bowel syndromes occur in adults when the jejunum is resected due
to ischemia and in neonates with severe enterocolitis that
required resection[39].
In regards to the ileocecal valve, a narrow nipple-like
structure is positioned between the distal ileum and the
cecum[7]. Specific neuromuscular disorders have not been
described. Mechanical obstructions due to tumors such
as adenocarcinoma of the ileum or cecum may cause ileal
obstruction and are treated with appropriate operations.
Dysfunction or loss of the ileocecal valve may lead to

Pylorus
On the other hand, dumping syndrome results when
ingested foods are emptied exceedingly rapidly from the
stomach into the duodenum[32]. Increased antral contractions or decreased pyloric resistance to emptying are
putative underlying mechanisms of dumping syndrome.
Dumping syndrome may develop after resection of the
antrum-pylorus for treatment of ulcers or cancer. Thus,
pyloric function affects gastric emptying rates. Hypotensive pylorus is another mechanism that may underlie the
dumping syndrome. There are no medical approaches
to increasing pyloric pressure at this time. On the other
hand, a hypertensive pyloric sphincter which does not
relax (example: pylorospasm) is associated with gastroparesis[33]. Medical approaches to the treatment of pylorospasm include injection of Botox or balloon dilation
of the pylorus[34]. In some patients, a myotomy may be
performed to reduce pyloric pressure and increase gastric
emptying.
Micci et al [35] described transplantation of neural
stem cells to the pylorus and results showed improved
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“backwash ileitis”.
Regenerative medicine approaches to small bowel
neuromuscular diseases include studies to increase the
length of the small bowel to treat short bowel syndromes. Kim et al[40] used polyglycolic tubes seeded with
intestinal fragments (epithelial organoid units) which
were implanted in the omentum of rats. These constructs
developed into neointestinal cysts that were well vascularized, had a neomucosa with crypts, and some areas had
smooth muscle[40]. Anastomosis of the constructs with
native small intestine was successful and no stenoses or
obstructions developed[41].
The small intestinal submucosa (SIS) was used to
form a scaffold for bioengineered small intestine in
dogs[42]. SIS sheets were wrapped around glass tubes to
form segments which were used to patch defects, approximately 7 cm × 3 cm in size, or for tubular implants
in the small intestine. Most dogs with tubular implants
had obstructions, anastomotic leaks, or appeared ill. Dogs
with patch implants survived, but the implants shrunk
approximately 35% in size, the mucosal layers were not
well organized, and the amount of smooth muscle was
variable or absent. Hori et al[43] used autologous mesenchymal stem cells (MSC) from bone marrow seeded
onto a collagen scaffold to induce smooth muscles to
regenerate small intestine. A 5 cm area was resected and
replaced with scaffold and a silicone tube stent to prevent
contraction and stenosis. All six dogs survived. Although
mucosa developed, no smooth muscle layers regenerated.
Grikscheit et al[44] used intestinal organoid units loaded
into polymer tubes to form intestine-like segments. The
units were implanted into the omentum. Four weeks later,
small bowel resections were performed and the regenerated cysts and the native small bowel were connected
with anastomoses. The regenerated cysts contained villi,
crypts, ganglion cells, and some muscularis. Transit time
was 1825 min in animals with regenerated cysts vs 982
min in those without implants, but weight gain was better in the former group. Nakase et al[45] seeded a collagen
scaffold with autologous smooth muscle cells isolated
from the canine stomach. After implantation in the ileum,
mucosal villi and circular smooth muscle cells developed
in orderly alignment at 12 wk in animals with ileal reanastomosis at 8 wk after implantation. Scaffolds coated with
basic fibroblast growth factor enhanced smooth muscle
growth and angiogenesis, but distinct smooth muscle layers and contractions were not seen in these constructs[46].
Some smooth muscle cells differentiated into fibroblastlike cells. More recently, Koga et al[47] showed that the
porcine small bowel was successfully lengthened with
a hydraulic-lengthening device. The elongated jejunum
retained near normal motility and absorption when implanted in the native jejunum.
No studies using human tissue have been reported
for small bowel regeneration, although there is an extensive clinical need for small intestine segments as therapies for short gut syndromes. In adults with short bowel
syndrome, increased length of small bowel would help
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ongoing problems with malabsorption and dehydration.

COLON: NEUROMUSCULAR FUNCTION
AND DYSFUNCTION
The anatomical regions of the colon include the cecum,
ascending colon, transverse colon, descending colon, sigmoid colon, and anorectum. The cecum and ascending
colon receives up to 1.5 L of ileal effluent each day and
absorbs 90% of the effluent. Subsequently, approximately
200 g of semi-solid stool are normally eliminated by defecation each day. Evacuation of the rectum requires coordination between peristaltic waves in the rectal-sigmoid
area of the colon and relaxation of the anal sphincter and
the pelvic floor muscles[4,8].
Neuromuscular diseases related to the colon include
irritable bowel syndrome in which increased and decreased contractility of the colon produces alternating
constipation and diarrhea. Treatments for irritable bowel
syndrome are confined to fiber supplements, cholinergic
agents, and tricyclic antidepressants. There are no surgical
options for irritable bowel syndrome. Colonic inertia is
a disorder with weak contractions throughout the colon
resulting in severe constipation. For patients with colonic
inertia, there are very few medications other than laxatives and lubiprostone. In severe cases of colonic inertia,
a colectomy may be performed. The colectomy (with
ileo-sigmoid or ileo-rectal anastomosis) often results in
loose stools four to six times per day. In some patients,
the recto-sigmoid segment has significant neuromuscular dysfunction and constipation persists despite the
colectomy[48,49]. Similarly, functional constipation with associated fecal incontinence, often due to colonic dilation
and megarectum, generally responds poorly to medical
management. Surgical approaches such as cecostomy
or appendicostomy (ACE) have been widely used in the
treatment of refractory constipation. However, some
patients are unable to have a bowel movement on their
own despite the use of the cecostomy/ACE, while others
demonstrate recurrent symptoms after discontinuation
of antegrade enemas[50]. When this occurs, further surgical intervention including placement of a diverting colostomy or colonic resection becomes an option[51].
Regenerative medicine approaches to the colon have
been explored in rats. A bioengineered colon segment,
colonic mucosa, and smooth muscle was produced by
seeding colon organoid units from autologous sigmoid
colon onto polymer scaffolds. After implantation for 12
wk, the regenerated cysts showed correct colon microarchitecture[52]. Hecker et al[53] bioengineered colon tissues
with normal three dimensional smooth muscle orientation
around a central lumen; the tissue exhibited peristalsis.
These experiments suggest that multiple smooth muscle
rings may be an alternative method compared to regenerating long segments of the colon organ itself. There is
much work remaining to be done to prepare the way for
human studies related to the regeneration of the colon.
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IAS: NEUROMUSCULAR FUNCTION AND
DYSFUNCTION

CONCLUSION
Neuromuscular disorders of the GI tract are excellent
but complex targets for regenerative medicine approaches
designed to restore function. In many of these human
diseases, the symptoms are severe, but treatments are
extremely limited. Many challenges for regenerative medicine approaches remain: identifying sources for cells,
construction of scaffolds that result in the proper threedimensional growth of the selected cells into the desired
organ, physiological orientation of the component layers
of the wall of the GI organs, and the functional integration of the key cells (smooth muscle, enteric nerves,
ICCs). Implantation, integration, and growth of the
regenerated patches, grafts, and organs require growth
factors, vascularization of the bioengineered tissues, and
restoration of neuromuscular function. Many challenges
must be overcome to bioengineer functional regions of
the GI tract, but the needs and the opportunities are great.

The IAS is a smooth muscle that is under anonomic nervous system control, whereas the external sphincter is
striated muscle under voluntary control[54]. A hypertensive
IAS with poor relaxation results in rectal outlet obstruction associated with severe constipation[4,8]. Medical treatments include physical therapy, laxatives, Botox injections,
and myotomy of the sphincter[55]. On the other hand, a
hypotensive or weak anal sphincter results in fecal incontinence. Fecal incontinence results in significant psychosocial issues and poor quality of life. Treatments of fecal incontinence include stool bulking agents, sphincteroplasty,
injection of the sphincter with bulking agents, and sacral
nerve stimulation[56].
Neuronal disorders of the gut such as Intestinal Ne
uronal Dysplasia and Hirschsprung’s disease involve a
developmental or degenerative loss of enteric neurons[57].
Aganglionosis results in serious motility problems due to
lack of adequate peristalsis. Symptoms include painful abdominal distention, stool retention, and fecal incontinence.
Currently, surgical excision of the aganglionic segment is
the most effective treatment strategy. Despite technical
advances in surgery, the complications in Hirschsprung’s
patients after corrective surgery include fecal incontinence
(10%-16%) and enterocolitis (10%)[58,59].
Considerable progress has been made using regenerative methods to bioengineer an internal anal sphincter that
has properly aligned circular smooth muscle, and importantly, neural innervation. Hecker et al[53] showed that IAS
smooth muscle cells in fibrin-based gels developed into
three dimensional smooth muscle rings which showed relaxation and contraction in response to 8-bromo-c AMP
and acetylcholine, respectively. Somara et al[60] used human
IAS cells to form bioengineered three dimensional smooth
muscle rings which exhibited basal myogenic tone that
was dependent on prokein kinase C (PKC) pathways not
rho kinase. Bioengineered mouse IAS constructions were
grown for 28 d after implantation in the backs of mice.
The harvested rings developed basal tone, responded normally to vascularization, had no ICCs, but smooth muscle
cells (smooth muscle actin and h-caldesmon positive cells)
were present and responded normally to stimulating and
relaxing drugs[61]. Thus, the implanted IAS constructions
had traits of the native IAS. Raghavan et al[62] reported
the successful implantation of the bioengineered IAS
comprised of human smooth muscle cells and immortomouse fetal enteric neurons. The harvested construct,
implanted into RAGI-1-mice for 25-28 d developed
neovascularization, myogenic tone, and normal contraction and relaxation characteristics in response to testing.
These advances in bioengineering the IAS reflect increasing sophistication in combining the enteric nerve and GI
smooth muscle components that will be critical in providing treatment for clinical neuromuscular diseases such
as fecal incontinence.
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organoids from rodent livers which were repopulated
with organ specific cells of animal and/or human origin.
Liver bioengineering has potential for transplantation
and for toxicity testing during preclinical drug development. The second possibility is to induce liver regeneration of dead or resected tissue by manipulating cell
pathways. In fact, it is well known that the liver has
peculiar regenerative potential which allows hepatocyte
hyperplasia after amputation of liver volume. Infusion
of autologous bone marrow cells, which aids in liver
regeneration, into patients was shown to be safe and
to improve their clinical condition, but the specific cells
responsible for liver regeneration have not yet been
determined and the underlying mechanisms remain
largely unknown. A complete understanding of the cell
pathways and dynamics and of the functioning of liver
stem cell niche is necessary for the clinical translation
of regenerative medicine strategies. As well, it will be
crucial to elucidate the mechanisms through which cells
interact with the extracellular matrix, and how this latter supports and drives cell fate.
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Abstract
The present review aims to illustrate the strategies
that are being implemented to regenerate or bioengineer livers for clinical purposes. There are two general
pathways to liver bioengineering and regeneration. The
first consists of creating a supporting scaffold, either
synthetically or by decellularization of human or animal
organs, and seeding cells on the scaffold, where they
will mature either in bioreactors or in vivo . This strategy seems to offer the quickest route to clinical translation, as demonstrated by the development of liver
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Triton X-100 for 30 min to cleanse the livers of any remaining SDS. After rinsing the decellularized livers with
PBS for 1 h, only the median lobe was sterilized in 0.1%
peracetic acid in PBS for 3 h and kept for recellularization after further extensive PBS washing. The decellularized scaffolds were histologically analyzed to demonstrate
that the scaffolds were acellular and functionally similar
to an intact normal liver, in order for recellularization
to be possible. Histological analysis showed that there
were no nuclei or cytoplasmic staining in the decellularized liver compared to a normal rat liver. Immunohistochemical analysis of four extracellular matrix (ECM)
proteins (collagen type Ⅰ, collagen type Ⅳ, fibronectin
and laminin-β1) showed that the structural and basement membrane components of ECM remained intact
similarly to the normal liver. DNA analysis of the decellularized scaffold showed that less than 3% of residual
DNA remained after the decellularization process. They
also reported intact functional vascular beds and microvasculature through the perfusion of the Allura Red dye.
The dye flowed through the vasculature just as expected
in a functioning liver. The acellular translucent scaffold
was then infused with rat-derived hepatocytes through
perfusion of the portal vein at 15 mL/min. The perfusion system consisted of a peristaltic pump, bubble trap,
and oxygenator from a donors-after-cardiac-death organ
resuscitation perfusion system. They introduced approximately 12.5 million cells during each of the four steps
in ten-minute intervals, which showed superior engraftment efficiency when compared to a single-step infusion.
The recellularized grafts were maintained in a perfusion
chamber for up to 2 wk in vitro, with histological staining
of the recellularized sections at 4 h, 1 d, 2 d, and 5 d of
perfusion. At 4 h, the majority of the cells remained in
and around the vessels; however, at 1 d and 2 d, the cells
leave the vessels and become distributed throughout the
matrix.
It should be emphasized that this is the first report
that contains data showing the level of function exhibited
by the hepatocytes grown on the decellularized matrix.
They report that hepatocyte viability was maintained during culture and that cell death was kept to a minimum.
They were also able to determine that the cells migrated
beyond the matrix barrier to reach decellularized sinusoidal spaces through scanning electron microscopy (SEM)
and histological analysis. They also determined that albumin synthesis was not increased in the recellularized matrix compared to an intact liver; however, urea synthesis
was significantly higher in the recellularized liver than the
hepatocyte sandwich during culture. The analysis of the
expression of drug metabolism enzymes showed that the
levels of Cyp2c11, Gstm2, Ugt1a1, and Cyp1a1 that were
expressed in the recellularized grafts were similar to those
of the sandwich hepatocyte cultures. The recellularized
liver grafts were then transplanted into recipient rats
that underwent unilateral nephrectomy for auxiliary liver
graft transplantation. The recellularized liver grafts were
perfused quickly with blood and the appropriate efflux

INTRODUCTION
With the many recent advances in the general area of
liver regenerative medicine, there have been a multitude
of significant improvements regarding the technology of
liver bioengineering and regeneration. The purpose of
the present review is to illustrate the two main strategies
that are currently being implemented to manufacture liver
organoids for clinical purposes.

DECELLULARIZATIONRECELLULARIZATION TECHNOLOGY
Several studies have provided evidence that this technology offers a valuable platform for liver bioengineering
through the repopulation of an acellular liver with appropriate fresh cells.
The first report addressed the methodology for the
decellularization of rodent livers[1]. Livers were cannulated through the inferior vena cava, with the portal vein
severed and the superior vena cava clamped. The decellularization process began with rinsing of the liver with 100
mL of phosphate buffered saline (PBS) to clear the blood
followed by perfusion of three 300 mL isotonic solutions
of 1%, 2%, and 3% Triton X-100 at a rate of 5 mL/min.
This was followed by perfusion of a 300 mL PBS solution containing 0.1% sodium monododecyl sulfate (SDS)
and a 300 mL PBS wash. The disruption of the lipid
membranes cleared most of the cellular components
of the organ except for intact nuclear cages containing
DNA, which was further removed by a solution of SDS.
Hematoxylin and eosin staining of the intact decellularized liver showed a fine web of matrix remaining in the
acellularized liver, which was further analyzed by immunohistochemical staining of collagen Ⅳ and laminin.
The stains showed the presence of collagen within the
matrix and that laminin was present within the basement
membrane of the vessels. After the decellularization process, the scaffold remained intact and strong enough to
maintain further cannulation for the perfusion of cells.
106 cells of the rat liver progenitor cell line WB344 in Roswell Park Memorial Institute medium were infused into
the decellularized liver through the cannulated inferior
vena cava. Further histological analysis of the center of
the intact recellularized scaffold indicated that the intrahepatic vasculature was able to traffic cells from the inferior vena cava. This report demonstrated the necessary
process of using SDS in the decellularization process to
truly remove any cellular components, specifically DNA.
Another similar subsequent report that used a similar decellularization method showed vascular patency
through portal vein dye[2]. The decellularization process
was performed by sequential perfusion of different concentrations of detergents through the portal vein at a
flow rate of 1 mL/min. The livers were perfused for 72
h with SDS in distilled H2O: 0.01% SDS for 24 h, 0.1%
SDS for 24 h, and 1% SDS for 24 h. The livers were
then perfused with distilled H2O for 15 min and with 1%
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occurred only after 5 min. The graft was maintained in
vivo for 8 h, and then harvested for further Tdt-mediated
dUTP Nick-End Labeling staining analysis. This staining
demonstrated that the cells were minimally damaged and
further histological staining showed that the hepatocytes
reserved normal morphology and parenchymal positions.
While it is extremely important to have these previous
promising reports on liver decellularization and recellularization, the ultimate necessary technology that needs
to be expanded upon is the decellularization and recellularization of whole organs-specifically human organs, and
subsequently human derived cell lines-in order to create
a transplant graft for possible human functioning. The
report by Baptista et al[3] demonstrated the potential for
the colonization of human hepatocyte progenitors on a
decellularized liver matrix. This is one of the first reports
to show the decellularization and recellularization process
with a whole liver instead of thin slices or lobes of the
liver, as well as the first report to recellularize successfully
with human liver cells. They attempted to decellularize
whole livers from multiple species as well, including mice,
rats, ferrets, rabbits, and adult pigs.
All of the dissected livers were cannulated with different gauged cannulas, depending on the species, through
the inferior vena cava and the portal vein, which were
then hooked up to a Masterflex peristaltic pump in preparation for decellularization. There was approximately 40
times the volume of the liver perfused with distilled water
at a flow rate of 5 mL/min. The decellularization process
was performed by perfusion of approximately 50 times
the volume of the liver with 1% Triton-X 100/0.1% Ammonium Hydroxide. The approximate perfusion times
for the decellularization process were 1 h for mice, 2 h
for ferret, 3 h for rat, and 24 h for pig livers. It was visibly
clear after the perfusion period that the parenchyma became transparent and the vascular tree was visible under
low magnification microscopy (Figure 1).
Spectrophotometric and agarose gel DNA analysis
showed the removal of approximately 97% of the DNA
from the tissue, indicating efficiency of the decellularization process. SEM was performed to determine that that
ultrastructure was preserved. The SEM analysis showed
that reticular collagen fibers that support the hepatic
tissue were present and the “portal triad” structures remained intact, as well as the lack of any cells. Histological
analysis of acellular ECM was performed to further characterize the scaffold composition. The staining showed
that there was no cellular nuclear material or any other
cellular material present. The staining also showed that
collagen layers with vascular channels were present, along
with collagen fibers, elastin fibers, and glycosaminoglycans (Figure 2).
Quantification of the ECM components showed
higher levels of collagen and glycosaminoglycans in the
decellularized scaffold compared to native tissue, which
can be explained by the absence of cellular components,
while there was no difference in elastin presence. The
localization of the specific extracellular matrix proteins
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collagen Ⅰ, collagen Ⅲ, collagen Ⅳ, laminin, and fibronectin were all observed around the vascular structures,
specifically denser around the larger vessels, and the parenchymal areas of the acellular liver, as well as the fresh
tissue. Vascular preservation and patency was demonstrated by the ability of the network of vascular remnants
to retain labeled dextran that had a similar molecular
weight to that of blood proteins.
The recellularization methods used in this report
show that perfusion through the vena cava or the portal
vein (preferred) both allow the green fluorescent proteinlabeled MS1 endothelial cells to line the vascular network,
including the larger vessels to the capillary sized vessels.
Portal vein-seeded endothelial cells were primarily deposited in the periportal regions of the liver lobule while the
vena cava-seeded endothelial cells were primarily concentrated in the regions of the central veins and in smaller
branches and vessels. Through fluorescent microscopy
and transmission electron microscopy they were able to
determine that the lumens of the acellular vascular remnants could be colonized by endothelial cells that were
able to actively spread and cover the vessel basement
membrane while forming appropriate cell-cell junctions.
They also determined that the surface of the vascular
lumen was non-thrombogenic, which was confirmed by
the lower quantification of platelets in the bioscaffold
compared to the fresh tissue. The reseeding experiments
performed in this report utilized the coseeding of human
umbilical vein endothelial cells and freshly isolated human fetal liver cell’s, while using similar recellularization
protocols previously mentioned. Immunohistochemical
analysis was used to assess the proliferation and analyze
the presence of hepatocytic lineage markers. Staining of
Ki67 to assess proliferation showed a high number of
positive cells throughout the bioscaffold, which was 3
times higher than the number of apoptotic cells present.
The staining also showed that the hepatocytic markers α-fetoprotein, CYP2A, and CYP3A were expressed
in the parenchyma. Cytokeratin 19 was strongly seen
throughout the bioscaffold in biliary tubular structures
while clusters of albumin-expressing hepatocytes were
distributed in the parenchyma. The small amount of coexpression of these specific markers implies that there
are specific niches within the bioscaffold for bile duct and
hepatocytes. Immunohistochemical staining also detected
CK19+/CK18-/ALB-tubular structures and clusters of
ALB+/CK18+ cells in the parenchyma, which suggests
that the bioscaffold is able to support the differentiation of the fetal hepatoblasts into biliary or hepatocytic
lineages. The ability of cells with immunophenotypes
consistent with hepatocytes, cholangiocytes, and endothelial cells to form discrete pockets in the bioscaffold
suggests that some of the micro-architectural “blueprint”
was retained within the scaffold. This suggests that not
only does the bioscaffold provide a three-dimensional
vascularized scaffold (previously described) but it also retains the necessary environmental cues, further explained
by the retention of the glucosaminoglycans that serve as
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1 cm

Figure 1 Gross and microscopic anatomy of acellular ferret livers. Upper row: The liver on the left is almost entirely decellularized, however it remains a segment
still cellular (interrupted line); on the left, instead, the liver is fully acellular as expression of successful decellularization; Middle row: Scanning electronic microscopic
ruling out the presence of any cell remnant and showing the triad completely acellular (arrow); Lower row: Hematoxylin and eosin confirms the lack of cellular element
within the remaining liver extracellular matrix (arrow).

active binding sites for growth factors that regulate cell
phenotype, for progenitor hepatic and endothelial cells to
grow, differentiate, and maintain functionality.
A related study reports on a refined decellularization
procedure. This study demonstrated the ability of liver
progenitor cells to differentiate to both the hepatocyte
and cholangiocyte lineages while seeded on the decellularized scaffold[4]. The strategy for recellularizing the
bioscaffold was aimed at creating a more rapid and efficient differentiation of the stem cells using tissue-specific
extracts enriched in extracellular matrix and a hormonally
specific defined medium using associated growth factors and cytokines. They reseeded the scaffold with human hepatic stem cells in a hormonally defined medium
specific for adult liver cells. The stem cell markers were
expressed in the cells after the reseeding process and the
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cells differentiated into mature functional parenchymal
cells in approximately one week. These cells remained
viable and presented stable mature phenotypes for more
than 8 wk.
Similar results have been obtained by other groups[5,6];
however in all the above reported investigations liver ECM
was produced from rodent livers. Instead, Barakat et al[7]
recently developed a method to decellularize porcine livers,
which were eventually repopulated with human cells[8,9].
The goal was to produce a clinically relevant model of liver
bioengineering. Livers from Yorkshire pigs were decellularized with SDS. The ECM of the posterior segment
of the right liver lobe was used as scaffold for cell seeding.
Fetal hepatocytes co-cultured with fetal stellate cells were
expanded, collected, resuspended in appropriate medium
supplemented with hepatocyte growth factor and seeded

6929

December 21, 2012|Volume 18|Issue 47|

Booth C et al . Regenerative medicine technology applied to the liver

maintain adequate volume and function after undergoing
up to 70% resection. However, the way the liver regenerates after a more or less extended amputation is not a true
recapitulation of liver ontogenesis. In fact, resumption of
the original volume is accomplished by cellular hyperplasia of the remaining liver rather than true regeneration of
the amputated portion whose original anatomy will not
be resumed[13]. Therefore, from an evolutionary perspective, liver hyperplasia is a mechanism of repair that has
developed to restore normal function, not normal anatomy. Unfortunately, the actual system that regulates the
hepatic regeneration after injury remains mostly obscure.
When the liver regenerates after amputation, cellular
hyperplasia occurs spontaneously through a complex cascade of events and pathways. This cascade of regulation
involves the inflammatory signaling, the recruitment of
inflammatory cells, the stimulation of hepatobiliary cell
proliferation, and the ultimate aim of cell migration and
neo-angiogenesis. The restoration of the tissue mass is
thus carried out by the division of mature hepatocytes. If
the mature hepatocytes are unable to maintain sufficient
proliferative potential to restore the organ, or if there is
complete inhibition of this process, intervention occurs
from the liver progenitor cells, known as oval cells[14-18].
There are many techniques that address regenerating
the liver, without actually fully regenerating and replacing
the organ, by attempting to enhance the natural regeneration of the injured liver. The basic idea behind this technique is to enhance the liver’s natural ability to regenerate
itself through the transplantation and mobilization of
liver progenitor cells that are isolated from bone marrow. The studies that address this technique base the idea
off the fact that it has been found that the cells resident
to the bone marrow are able to aid in liver regeneration
by differentiating into fully functional hepatocytes[19-22].
While these studies have yet to fully characterize these
cells, it has been clearly established that there are bone
marrow populations that could have the ability to increase
the quality of the clinical conditions regarding patients
that have chronic liver disease or injury. In these clinical
trials the initial goal was to determine whether or not the
infusion of autologous bone marrow cells, through perfusion of the peripheral vein or the hepatic artery, into
patients who have liver cirrhosis, was safe. Some of these
studies were able to achieve more than just safety results,
and showed that there was statistically significant clinical
improvement in the patients[23-25].
More recent studies have attempted to determine the
clinical safety of administering patients with the hematopoietic stem cell mobilizing cytokine, granulocyte colony
stimulating factor (G-CSF), which has been shown to
improve the functioning of the liver in patients with liver
disease. It is thought that the function of the G-CSF is
to primarily activate cells that are within the bone marrow that have hepatocyte lineage differentiation potential.
G-CSF not only interacts with the bone marrow cells, but
it has also been shown to increase the ability of resident
progenitor cells that have the receptor for the cytokine
to respond to injuries. In these studies it has been deter-

Figure 2 Movat-Pentachrome staining of acellular liver sections shows
yellow staining for collagen and dark staining for elastin surrounding the
vascular structures.

within the ECM. The so-obtained constructs were perfused for 3 d, 7 d and 13 d. During perfusion, pH, PO2,
PCO2, lactate, glucose, urea nitrogen and albumin were
measured to assess metabolic and synthetic functions. Of
note, some constructs were implanted in vivo and perfused
for 2 h to determine the behavior of the matrix in vivo
and its ability to withstand the shear stress produce by the
blood flow in physiologic conditions. Results were encouraging. Liver organoids showed active metabolism and
preserved capability to synthesize albumin, and were able
to sustain blood pressure without harm. Notably, immunohistochemical analysis revealed cell differentiation into mature hepatocytes. This latter finding provides evidence that
ECM is essential in that it supports cells and may drive the
differentiation of progenitor cells into an organ-specific
phenotype[10]. Badylak’s group confirmed this information in an elegant model of liver hepatectomy in rats[11], in
which he demonstrated that liver ECM implanted in intact
and amputated livers enhances hepatocyte proliferation
and ultimately liver regeneration.
While the primary goal for the majority of the research pertaining to decellularizing and recellularizing an
organ is the functional transplantation of a bioengineered
organ into a recipient host, there are the possibilities
of using this technology in in vitro studies for advanced
preclinical drug development[12]. This report provided
a 60-min rapid natural decellularization method for a
3-dimensional scaffold prepared from a rat liver that
maintained the microvascular system and was able to
withstand fluid flowing through all three hepatic circular
systems. The method utilized two thirty-minute perfusion periods; a 1% Triton-X 100 solution followed by a
1% SDS solution. The development of a novel in vitro
3-dimensional model that closely represents the in vivo
liver could present the potential for toxicity testing of
key compounds in preclinical drug developments since
the liver is the main metabolizing organ that is usually the
target of toxicity.

CELLS FOR LIVER REGENERATION
The liver is able to regenerate itself with the ability to
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mined that the G-CSF is able to maintain the ability to
mobilize cells from the bone marrow and the peripheral
circulation, while there is an increase in the circulating
hepatocyte growth factor that plays a major role in liver
regeneration[26-29]. The bone marrow and peripheral blood
are great sources for this because they are easily accessible while having a large source of stem cells and progenitor cells that are able to proliferate in vitro. Since these
studies primarily aimed to focus on the safety potential
for administering the cytokine, there have been two large
studies that have been conducted in order to actually
determine the therapeutic treatment potential of this
technique. These trials were performed by administering
G-CSF to the patient with liver disease, which was then
followed by the isolation of stem cells from both the peripheral circulation and the bone marrow. These isolated
cells were then infused back into the patient through the
already established perfusion methods. The trials clearly
showed significant improvement in the serum bilirubin
and the liver enzyme levels, while there was no improvement noticed in the untreated control group[30,31].
As previously mentioned, despite the clearly seen
therapeutic potential for bone marrow cells to help the
regenerative process of a diseased liver, the findings from
these trials have yet to be able to determine the specific
cell in the bone marrow that is actually aiding in the regeneration. There have been a few in vivo animal models
that have demonstrated the ability for bone marrow
derived mesenchymal stem cells and hematopoietic stem
cells (CD34+/Lin-) to have ability to differentiate into hepatocytes[32-36]. Fetal liver progenitor cells have also been
shown to improve the condition of cirrhotic patients[37,38].
Therefore, the use of these cells with the previously described isolation and infusion techniques presents multiple advantages for creating a potential therapy. This presents the possibility of having an easily obtainable source
of cells that are from the isolated G-CSF mobilized bone
marrow cells. The concern of the patient having a rejection to the treatment would be absent because all of the
cells used in the therapy are autologous. A portion of
these cells used could also possibly carry a progenitor
phenotype following infusion, which could help participate in the liver repopulation over time when the damage
to the native hepatocyte population is chronic. The corrective gene could therefore be slowly increased in the
native cells with as little as a repopulation of 10% of the
cells expressing the factor[39].
Other cell sources are also available, namely fetal hepatoblasts and stem cells from adult or fetal tissue. As reported above, Baptista et al[3] used fetal liver hepatoblasts
to recellularize liver ECM scaffolds. Once in this threedimensional environment, these liver progenitors were
able to expand and differentiate into biliary and hepatocytic lineages. In the fetal liver, these cells are the main
parenchymal cell type and are identified by their expression of α-fetoprotein (AFP). These cells are rare in the
normal adult liver, except in livers with severe injury or
disease[40,41]. Because these cells are able to originate the
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two hepatic cell lineages, hepatocytes and cholangiocytes,
they are named bipotential progenitors.
AFP-negative hepatic stem cells are the precursors to
hepatoblasts that can mature into AFP-positive hepatoblasts[42-44]. Human fetal hepatoblasts are then the putative
transient amplifying progenitors in the liver lineage and
can be cultured long-term and clonally, contributing to
liver parenchyma when transplanted into SCID mice[45].
Hepatoblasts express biliary and hepatocyte markers such
as CK19, CK14, α-GT, glucose-6-phosphatase, glycogen,
albumin, AFP, E-cadherin[46], α-1 microglobulin, HepPar1, glutamate dehydrogenase, and DPP-Ⅳ[42,47]. These
progenitors do not express mesenchymal or hematopoietic markers like CD90, vimentin, and CD34[46]. The
therapeutic potential and safety of these cells has already
been successfully tested in human patients with endstage chronic liver disease[48]. In these patients, there was
significant clinical improvement in terms of biochemical
and overall clinical parameters. Moreover, mean MELD
score decreased (P < 0.01) over the following 6 mo after
stem cell therapy. Thus, fetal derived stem/progenitor
cells have the potential to provide supportive therapy to
organ transplantation in the management of end-stage
liver diseases[18,48-54].
This notwithstanding, it is the authors’ conviction that
cell transplantation alone may not be appropriate. In fact,
clinical transplantation provides incontrovertible evidence
that the outcome of cell transplantation is very poor
when compared to whole organ transplantation. Therefore, it cannot be proposed as an alternative to whole
organ transplantation, rather it should be considered still
an experimental treatment, as it has been proposed by
Cravedi’s[55] in the case of islet transplantation and by
from a regenerative medicine perspective, the poor outcome may be attributed to the fact that cells welfare is
dramatically impaired when cells are extrapolated by their
natural niche-namely the ECM-despite encapsulation.
Therefore, research should direct efforts to bioengineer a
suitable supporting scaffold, which would recapitulate the
same characteristics of the natural environment.
Interestingly, some authors have proposed a different bioengineering method, which does not require any
supporting scaffolds. However, cells are not manipulated
alone but are grown in order to produce cell sheets. Haraguchi’s group[56] employs temperature-responsive culture
surfaces onto which poly (N-isopropylacrylamide) is covalently immobilized to control cell adhesion/detachment
with simple temperature change. Cells adhere, spread,
and proliferate on temperature-responsive surfaces at
37  ℃, which is the normal temperature for mammalian
cell culture. By reducing temperature below 32  ℃, cells
spontaneously detach from the surfaces without requiring proteolytic enzyme such as trypsin, since the grafted
polymer becomes hydrophilic. When temperature is
reduced after cells reach confluency, all the cells are harvested as a single contiguous cell sheet. The advantage of
this method is that, as trypsin is not used, all cell membrane proteins including growth factor receptors, ion
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channels, and cell-to-cell junction proteins are intact after
the harvest. Furthermore, the ECM deposited during cell
culture is retained under cell sheets, and therefore, cell
sheets easily integrate to transplanted sites. In a murine
model, sheets of hepatic tissue transplanted into the subcutaneous space resulted in efficient engraftment to the
surrounding cells, with the formation of two-dimensional
hepatic tissues that stably persisted for more than 6 mo,
while showing several liver-specific functions[57].

transplantation can ever be a feasible option. Importantly,
it will be crucial to understand the mechanisms through
which cells interact with the environment and in particular how the liver ECM drives and regulates cell fate and
which additional molecules (namely growth factors) are
essential to achieve this goal.
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The need for improved treatment modalities for patients
with diseased or absent tissues or organs is evident.
Regenerative medicine holds the promise of regenerating tissues and organs by either stimulating previously
irreparable tissues to heal themselves, or manufacturing
them ex vivo[58-64]. In the first scenario, cells with regenerative potential are targeted to the diseased bodily district.
Given the multitude of available sources of these cells,
it is still a mystery as to which are the most appropriate
and best cell sources. Although this may vary depending
on the tissue or organ of interest, it is important to fully
understand the biological mechanisms controlling differentiation along a specific lineage of all cell types. Ideally,
it is desirable to have the ability to harvest autologous
cells and employ them with minimal ex vivo manipulation.
Ultimately, the goal is to identify cells that can be easily
harvested and differentiated consistently along the lineage of interest. At the same time, research should aim to
in-depth understanding of all environmental stimuli that
are required by liver SC niches to be activated and allow
hepatocyte and/or biliocyte regeneration aiming to compensate tissue loss.
In the second scenario, differentiated, adult liver cells
or SC are seeded on supporting scaffolds and allowed to
mature in custom-made bioreactors. Human or animalderived whole tissue ECM scaffolds are preferred, compared to artificial homogeneous materials, because they
preserve an intact vascular network that will allow regeneration of the vascular system for optimal delivery of
nutrients and oxygen. The utilization of autologous cells
holds the theoretical potential to rule out immunological
breakdowns and concerns, and limits the response of the
immune system to a non-harmful inflammatory reaction.
In both cases, there are clearly a lot of gray areas that
need to be colored in[58,59,63,65-69]. There has been a greater
understanding of the cell types and numbers of cells
used for repopulation, but it is still lacking the perfected
elements to produce optimal results. Even when this is
fully understood and developed, there also needs to be
an established standard or test on the bioengineered organ that would reveal the successful incorporation of all
the necessary items that the organ requires in order to
be fully functional in vivo. The actual functionality of the
cells within the decellularized matrix and of the organoid as a whole, as well as the biocompatibility of the soobtained construct, absolutely must be confirmed before
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Impaired suppressive activities of human MUTYH variant
proteins against oxidative mutagenesis
Kazuya Shinmura, Masanori Goto, Hong Tao, Shun Matsuura, Tomonari Matsuda, Haruhiko Sugimura
poson sequence for MUTYH expression. MUTYH expression was examined after cumate induction using Western blotting analysis and immunofluorescence analysis.
The intracellular localization of MUTYH variants tagged
with FLAG was also immunofluorescently examined.
Next, the mutation frequency in the supF of the shuttle
plasmid pMY189 containing a single 8OHG residue at
position 159 of the supF was compared between empty
vector cells and cells expressing WT MUTYH or one of
the 4 MUTYH variants using a supF forward mutation
assay.
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RESULTS: The successful establishment of human cell
lines inducibly expressing WT MUTYH or one of the 4
MUTYH variants was concluded based on the detection
of MUTYH expression in these cell lines after treatment
with cumate. All of the MUTYH variants and WT MUTYH
were localized in the nucleus, and nuclear localization
was also observed for FLAG-tagged MUTYH. The muta-2
tion frequency of supF was 2.2 × 10 in the 8OHG-con-4
taining pMY189 plasmid and 2.5 × 10 in WT pMY189
in empty vector cells, which was an 86-fold increase
with the introduction of 8OHG. The mutation frequency
-3
(4.7 × 10 ) of supF in the 8OHG-containing pMY189
plasmid in cells overexpressing WT MUTYH was significantly lower than in the empty vector cells (P < 0.01).
However, the mutation frequencies of the supF in the
8OHG-containing pMY189 plasmid in cells overexpressing the p.R154H, p.M255V, p.L360P, or p.P377L MUTYH
-2
-2
-2
variant were 1.84 × 10 , 1.55 × 10 , 1.91 × 10 , and
-2
1.96 × 10 , respectively, meaning that no significant
difference was observed in the mutation frequency between the empty vector cells and cells overexpressing
MUTYH mutants.

Abstract
AIM: To investigate the suppressive activity of MUTYH
variant proteins against mutations caused by oxidative
lesion, 8-hydroxyguanine (8OHG), in human cells.
METHODS: p.R154H, p.M255V, p.L360P, and p.P377L
MUTYH variants, which were previously found in patients with colorectal polyposis and cancer, were selected for use in this study. Human H1299 cancer cell
lines inducibly expressing wild-type (WT) MUTYH (type
2) or one of the 4 above-mentioned MUTYH variants
were established using the piggyBac transposon vector
system, enabling the genomic integration of the trans-
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CONCLUSION: The suppressive activities of p.R154H,
p.M255V, p.L360P, and p.P377L MUTYH variants against
mutations caused by 8OHG are thought to be severely
impaired in human cells.
© 2012 Baishideng. All rights reserved.
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MUTYH gene have been reported in the Leiden Open
Variation Database (http://www.lovd.nl/2.0/index_list.
php)[15], and the proportion of missense MUTYH variations in the database is larger than nonsense mutations or
truncating mutations. For most of the genes, a functional
analysis is needed to determine whether the activity of a
protein encoded by a missense variant is severely reduced.
Thus, the effect of MUTYH variations on repair activity
should be examined; however, so far, only a small number
of MUTYH variations has been investigated[16-27]. In most
of these studies, the DNA glycosylase activities of the
variant recombinant proteins were analyzed using a DNA
cleavage assay to test the abilities of the variants to cleave
double-stranded oligonucleotides containing an A:8OHG
mispair in vitro[18,19,21,23-27]. However, because examining the
repair activity of MUTYH variant proteins from multiple
aspects would lead to a more definitive judgment of the
pathogenicity of MUTYH variants and MUTYH has the
ability to regulate the mutation frequency in human cells
in vivo[28-30], evaluating the mutation frequency in human
cells is also valuable. However, at present, the activities
of MUTYH variants in the regulation of mutation suppression in human cells in vivo have not been previously
reported. Therefore, in this paper, we evaluated the suppressive activities of MUTYH variant proteins against
oxidative mutagenesis in human cells. We recently determined the DNA glycosylase activities of 14 type 2 (nuclear
form) MUTYH variants using a DNA cleavage assay[27],
and based on those results, p.R154H, p.M255V, p.L360P,
and p.P377L type 2 proteins were chosen from the tested
variants, and their abilities to suppress mutations caused
by 8OHG in human cells were analyzed in this study. As
far as we know, this is the first report to analyze the suppressive activities of MUTYH variants against oxidative
mutagenesis in human cells.
The Human Genome Variation Society (http://www.
hgvs.org/) recommends using the transcript variant α5
(NM_001128425.1), which encodes the longest isoform
(549 amino acids), as a reference sequence. Therefore,
the type 2 proteins p.R154H, p.M255V, p.L360P, and
p.P377L used in this study correspond to the reference
proteins p.R182H, p.M283V, p.L388P, and p.P405L, respectively.
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INTRODUCTION
8-hydroxyguanine (8OHG) is an oxidatively damaged
form of guanine[1], and because 8OHG can pair with
adenine as well as cytosine, the formation of 8OHG in
DNA causes a G:C to T:A transversion mutation[2]. To
prevent such mutations, excision repair proteins, such
as MUTYH (OMIM 604933), that act on 8OHG are
present in human cells. The MUTYH protein is a DNA
glycosylase that catalyzes the removal of adenine that
is mispaired with 8OHG in double-stranded DNA[3-7].
Two major MUTYH proteins, type 1 and type 2, are
expressed in human cells as a result of multiple transcription initiation sites and the alternative splicing of mRNA
transcripts[4,7]. Because the type 1 protein contains a mitochondrial targeting signal (MTS) in its N-terminal, it is
localized in the mitochondria. In contrast, the type 2 protein lacks the N-terminal 14 amino acids of type 1, and
this absence leads to the destruction of the MTS; consequently, the type 2 protein is localized in the nucleus[4,7].
Biallelic germline mutations in the MUTYH gene are
responsible for MUTYH-associated polyposis (MAP)
(OMIM 608456), which is a hereditary disease characterized by multiple colorectal adenomas and carcinomas[8-12].
Most biallelic MUTYH carriers have between 10 and a
few hundred colorectal polyps, meaning that MAP shows
a phenotypic overlap with two other hereditary colorectal
polyposis syndromes: familial adenomatous polyposis
(FAP: OMIM 175100) and attenuated FAP (AFAP:
OMIM 175100), both of which are caused by inactivation of the APC gene (OMIM 611731)[13,14]. Therefore,
screening for germline mutations in MUTYH and APC
is important in candidate patients with multiple colorectal
polyps. However, even when MUTYH gene variations
are detected in the mutation screening, if information regarding the level of the repair activities of the MUTYH
variants is lacking, a correct diagnosis of MAP is impossible to make. Thus far, 300 unique DNA variants of the
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MATERIALS AND METHODS
Cell line
The human cancer cell line H1299 was obtained from
the American Type Culture Collection (Manassas, VA).
Cells were maintained at 37 ℃ in RPMI1640 medium
supplemented with 10% fetal bovine serum and penicillin/streptomycin under a 5% CO2 atmosphere. The study
design was approved by an institutional review board.
Construction of expression plasmid
Human wild-type (WT) and variant (p.R154H, p.M255V,
p.L360P, and p.P377L) MUTYH type 2 cDNAs were
polymerase chain reaction-amplified with PfuUltra Hot-
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Indirect immunofluorescence analysis
Cells were fixed with 10% formalin at RT or 4% paraformaldehyde at 4 ℃. The cells were permeabilized with 1%
Nonidet P-40 in PBS for 5 min and incubated with 10%
normal goat serum blocking solution (DAKO, Kyoto, Japan) for 30 min. The cells were then probed with mouse
anti-MUTYH monoclonal antibody (4D10) or mouse
anti-FLAG M2 monoclonal antibody (Sigma-Aldrich) at
RT for 1 h. Indirect immunofluorescence labeling was
performed by incubation with an Alexa Fluor 594-conjugated secondary antibody (Molecular Probes, Eugene,
OR) at RT for 1 h, and the nuclei were stained with
4’,6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich).
The immunostained cells were examined under a fluorescence microscope (Olympus BX-51-FL; Olympus,
Tokyo, Japan) equipped with epifluorescence filters and
a photometric CCD camera (Sensicam; PCO Company,
Kelheim, Germany). The captured images were digitized
and stored using an image analysis program (MetaMorph;
Molecular Devices, Palo Alto, CA).

start DNA polymerase (Stratagene, La Jolla, CA) and
the MUTYH-type 2/pET25b(+) expression vector [27]
as a template; the amplified sequence was then inserted
into a piggyBac cumate switch inducible vector (System
Biosciences, Mountain View, CA) at the NheI and NotI
restriction enzyme sites. A WT MUTYH type 2 expression vector with a C-terminal FLAG tag was previously
constructed using the pcDNA3.1 expression vector
(Invitrogen, Carlsbad, CA)[31]; in this study, the variants
were generated using site-directed mutagenesis with a
QuikChange Site-directed Mutagenesis kit (Stratagene).
All of the vectors were confirmed using DNA sequencing with a BigDye Terminator Cycle Sequencing Reaction
Kit (Applied Biosystems, Tokyo, Japan) and an ABI 3100
Genetic Analyzer (Applied Biosystems).
Transfection
A plasmid vector was transfected into H1299 cells using
Lipofectamine 2000 reagent (Invitrogen) according to the
supplier’s recommendations.

Shuttle vector plasmid and an indicator bacterial strain
The plasmid pMY189 and the indicator Escherichia coli (E. coli)
strain KS40/pKY241 were used for the supF forward
mutation assay, as reported previously[30,32]. pMY189 is a
shuttle vector containing the bacterial suppressor tRNA
(supF) gene. KS40 is a nalidixic acid-resistant (gyrA) derivative of MBM7070 with genotype lacZ (am), CA7070,
lacY1, hsdR, hsdM, Δ(araABC-leu)7679, galU, galK, rpsL,
thi. The pKY241 plasmid contains a chloramphenicol resistance marker and the gyrA (amber) gene. E. coli KS40/
pKY241 cells carrying the active supF gene are sensitive
to nalidixic acid and form blue colonies on LB plates
containing ampicillin, chloramphenicol, isopropyl-β-Dthiogalactopyranoside (IPTG), and 5-bromo-4-chloro3-indolyl-β-D-galactopyranoside (X-gal), whereas cells
carrying the mutated supF gene form white colonies on
plates containing nalidixic acid, ampicillin, chloramphenicol, IPTG, and X-gal.

Establishment of stable inducible cell lines
H1299 cells were transfected with the cumate switch
inducible vector for MUTYH expression together with
the piggyBac transposase vector (System Biosciences). To
establish stable inducible cell lines, positively transposed
cells were selected using puromycin (1 μg/mL). Because
the inducible piggyBac vector features a tight cumate
switch combined with the EF1-CymR repressor-T2APuro cassette to establish stable cell lines, the addition of
cumate solution (System Biosciences) to the puromycinselected cells led to the induction of MUTYH expression.
Western blotting analysis
Cells were harvested in lysis buffer containing 50 mmol/L
HEPES (pH 7.5), 150 mmol/L NaCl, 0.1% sodium dodecyl sulfate (SDS), 1.0% Triton X-100, 0.5% sodium
deoxycholate, 100 mmol/L sodium fluoride, 1 mmol/L
sodium orthovanadate, and a protease inhibitor cocktail
(Sigma-Aldrich, St. Louis, MO), and the whole-cell extracts were mixed with an equal volume of 2 × SDS sample buffer and boiled. The extract was then subjected to
SDS-polyacrylamide gel electrophoresis, and the proteins
obtained were electrophoretically transferred to a polyvinylidene fluoride membrane (GE Healthcare Bio-Science,
Piscataway, NJ). The membrane was blocked with nonfat
milk at room temperature (RT) for 1 h and incubated
with an anti-MUTYH monoclonal antibody (clone 4D10;
Abnova, Taipei, Taiwan) or an anti-β-tubulin monoclonal antibody (clone 2-28-33; Sigma-Aldrich) at RT for 1
h. After washing with PBS containing 0.05% Tween-20
(PBS-T), the membrane was incubated with an antimouse HRP-conjugated secondary antibody (GE Healthcare Bio-Science) at RT for 1 h. The membrane was then
washed with PBS-T, and immunoreactivity was visualized
using an ECL chemiluminescence system (GE Healthcare Bio-Science).
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Construction of a shuttle vector plasmid containing an
8OHG residue
pMY189-8OHG, which is the shuttle plasmid pMY189
containing a single 8OHG:cytosine pair at nucleotide position 159 of the supF gene, was prepared according to a
previously described method[30]. Briefly, E. coli XL1-Blue
MRF’ (Stratagene) and R408 Helper Phage (Stratagene)
were used to prepare single-stranded pMY189 DNA,
and 30 μg of the single-stranded pMY189 plasmid and a
5-fold molar excess of a 5’-phosphorylated 24-mer oligonucleotide with a single 8OHG at nucleotide position 159
of the supF gene [5’-CGA CTT CGA A (8OHG) G TTC
GAA TCC TTC-3’] were annealed in a reaction mixture.
Forty units of T4 DNA polymerase (New England Biolabs, Beverly, MA), 600 μmol/L of deoxynucleotide triphosphate (GE Healthcare Bio-Science), 36 Weiss units
of T4 DNA ligase (New England Biolabs) and 1 mmol/L
of ATP (Nacalai Tesque, Kyoto, Japan) were added to the
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reaction mixture, and the mixture was incubated at 37 ℃
for 4 h. Closed circular pMY189-8OHG was isolated using cesium chloride-ethidium bromide density gradient
centrifugation.

tein expression in cells in which a WT, p.R154H, p.M255V,
p.L360P, or p.P377L MUTYH expression vector but not
an empty vector was transposed (Figure 1B). In accordance with the previous finding that the MUTYH type 2
protein is the nuclear form[4,7], WT MUTYH protein was
localized in the nucleus. All of the MUTYH variants were
also localized in the nucleus, suggesting that the amino
acid changes in p.R154H, p.M255V, p.L360P, and p.P377L
did not alter the subcellular localization of these proteins
in human cells. With regard to endogenous MUTYH
expression, low levels were detected in the immunofluorescence analysis, as shown in the panel of empty vectortransposed cells (Figure 1B). When the intensity of the
MUTYH protein signal was enhanced with image-editing
software, the signal was observed in both the nucleus and
cytoplasm (Figure 1C), which is compatible with the existence of both the type 1 mitochondrial form and the type
2 nuclear form[4,7]. Next, to confirm the nuclear localization of MUTYH type 2 variant forms, we constructed a
vector to express MUTYH tagged with a FLAG peptide
at the C-terminus and examined the localization of the
MUTYH variants using immunofluorescence analysis
with an anti-FLAG antibody (Figure 2). All of the variants showed nuclear localization, further suggesting that
the amino acid changes in p.R154H, p.M255V, p.L360P,
and p.P377L did not alter their subcellular localization in
human cells. Together, the above findings indicate that
human cells inducibly expressing the MUTYH variants
(p.R154H, p.M255V, p.L360P, or p.P377L) and their control cells were properly prepared and were appropriate
for evaluating the suppressive activities of MUTYH variants against oxidative mutagenesis in human cells.

SupF forward mutation assay
Cells were cultured in the presence of cumate for 3 d for
the induction of MUTYH expression, and they were then
transfected with the shuttle plasmid pMY189 or pMY1898OHG. After 48 h, the propagated plasmids were extracted from the cells using a QIAprep Spin Miniprep Kit
(Qiagen, Valencia, CA) and digested with DpnI restriction
enzyme (New England Biolabs) to eliminate unreplicated
plasmids with the bacterial methylation pattern. After
purification with Amicon Ultra Centrifugal Filter Units
(Millipore, Bedford, MA), the plasmids were introduced
into the KS40/pKY241 indicator E. coli strain using
electroporation. The transformants were plated onto LB
agar plates containing 50 μg/mL of nalidixic acid, 150
μg/mL of ampicillin, and 30 μg/mL of chloramphenicol
together with IPTG and X-gal. White colonies on were
counted as supF mutants. The mutation frequencies were
calculated as the number of supF mutants per the total
number of transformants, which were counted on LB
plates containing ampicillin, chloramphenicol, IPTG and
X-gal.
Statistical analysis
The statistical analysis was performed using an unpaired
t-test and JMP software, version 9 (SAS Institute, Cary,
NC). P-values less than 0.05 were considered statistically
significant.

Impaired activities of MUTYH variants in the suppression
of oxidative mutagenesis in human cells in vivo
Next, mutation frequencies were compared for the empty
vector-transposed human cells and the cumate-inducible
stable cells expressing WT or variant MUTYH using a
supF forward mutation assay with the shuttle plasmid
pMY189. In this assay, we introduced a single 8OHG
residue at position 159 of the supF gene in pMY189.
The mutation frequency of supF was 2.2 × 10-2 in the
8OHG-containing pMY189 plasmid and 2.5 × 10-4 in
WT pMY189 in empty vector-transposed cells (Figure 3),
which was an 86-fold increase in mutation frequency with
the introduction of 8OHG. The mutation frequency (4.7
× 10-3) of supF in the 8OHG-containing pMY189 plasmid in cells overexpressing WT MUTYH was significantly lower than in the empty vector-transposed cells. However, the mutation frequencies of supF in the 8OHGcontaining pMY189 plasmid in cells overexpressing the
p.R154H, p.M255V, p.L360P, or p.P377L MUTYH variant were 1.84 × 10-2, 1.55 × 10-2, 1.91 × 10-2, and 1.96 ×
10-2, respectively, meaning that no significant difference
was observed in the mutation frequency between the
empty vector-transposed cells and the cells overexpressing MUTYH variants. These results suggested that the
suppressive activities of p.R154H, p.M255V, p.L360P,

RESULTS
Establishment of human cells inducibly expressing
MUTYH variants
To investigate the ability of MUTYH variants to suppress
mutations caused by 8OHG in human cells, we used the
piggyBac transposon vector system[33] to establish human
cells capable of inducibly expressing MUTYH variants
and performed a supF forward mutation assay using the
shuttle plasmid pMY189, which contains a single 8OHG
in the supF gene. First, H1299 human cancer cells were
transfected with a piggyBac cumate switch inducible
vector for the expression of WT, p.R154H, p.M255V,
p.L360P, or p.P377L MUTYH together with the piggyBac transposase vector; positively transposed cells were
then selected with puromycin. We also transfected cells
with an empty (parental) piggyBac cumate switch inducible vector and transposase vector. The expression of
MUTYH protein after cumate induction was examined
using Western blotting analysis using an anti-MUTYH
monoclonal antibody (Figure 1A). MUTYH protein was
abundantly expressed in cells in which a WT, p.R154H,
p.M255V, p.L360P, or p.P377L MUTYH expression vector but not an empty vector was transposed. Immunofluorescence analysis also showed abundant MUTYH pro-

WJG|www.wjgnet.com

6938

December 21, 2012|Volume 18|Issue 47|

Shinmura K et al . Mutation-suppressing activities of MUTYH variant proteins

A

P377L

L360P

M255V

R154H

WT

Empty

MUTYH

MUTYH

b-tubulin

Empty

WT

R154H

M255V

L360P

P377L

DAPI

MUTYH

B

MUTYH (enhanced)

DAPI

Empty

C

Figure 1 Establishment of H1299 human cell lines inducibly expressing MUTYH variant proteins. A: Detection of MUTYH proteins in cumate-inducible stable
cell lines expressing MUTYH in the presence of cumate using Western blotting analysis with an anti-MUTYH antibody. Lysates from empty vector-transposed cells
and cells inducibly expressing wild-type (WT) MUTYH or p.R154H, p.M255V, p.L360P, or p.P377L MUTYH variants were analyzed. β-tubulin protein was also analyzed as an internal control; B: Immunofluorescence detection of MUTYH proteins expressed in the cell lines used in (A) in the presence of cumate. The MUTYH
protein (red) was stained with anti-MUTYH as the primary antibody and Alexa Fluor 594-conjugated goat anti-mouse IgG as the secondary antibody. The nuclei were
counterstained with 4’,6-diamidino-2-phenylindole (DAPI) (blue); C: Immunofluorescence detection of endogenous MUTYH proteins in the empty vector-transposed
cells as described in (B). The intensity of the signals of MUTYH protein (red) was enhanced with image-editing software to determine the subcellular localization of
endogenous MUTYH protein. The nuclei were counterstained with DAPI (blue).

dative mutagenesis in human cells in vivo.
The type 2 protein is the nuclear form of MUTYH[4,7],
and somatic APC and KRAS (OMIM 190070) mutations
occur in the nuclear DNA of MAP tumors[8,9,12]; therefore,
we believed that it would be more appropriate to investigate type 2 rather than type 1 and we established cell
lines expressing the type 2 form in this study. In the supF
forward mutation assay using a shuttle vector containing
8OHG, no significant difference was observed in the mutation frequencies between empty vector-transposed cells
and cells expressing 1 of the 4 MUTYH variants, indicating the severe impairment of the suppressive activities of
the MUTYH variants against mutations caused by 8OHG
in human cells in vivo. We previously showed that the adenine DNA glycosylase activity of the p.M255V protein was
10.7% of the level of the WT protein and that the DNA

and p.P377L MUTYH variants against mutations caused
by 8OHG were severely impaired in human cells.

DISCUSSION
In this study, human cell lines inducibly expressing MUTYH variants (p.R154H, p.M255V, p.L360P, or p.P377L)
were established, and the abilities of these cells to suppress mutations caused by 8OHG were compared using a
supF forward mutation assay with a shuttle vector containing an 8OHG residue in the supF gene. The assay showed
that the suppressive activities of p.R154H, p.M255V,
p.L360P, and p.P377L MUTYH variants against mutations
caused by 8OHG were severely impaired in human cells.
To the best of our knowledge, this is the first analysis of
the suppressive activities of MUTYH variants against oxi-
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R154H

M255V

L360P
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Figure 2 Nuclear localization of MUTYH variant proteins (p.R154H, p.M255V, p.L360P, and p.P377L). H1299 cells were transiently transfected with a vector expressing various types of MUTYH proteins tagged with FLAG, and MUTYH-FLAG protein (red) was stained with anti-FLAG M2 as the primary antibody and Alexa Fluor
594-conjugated goat anti-mouse IgG as the secondary antibody. The nuclei were counterstained with 4’,6-diamidino-2-phenylindole (DAPI) (blue). WT: Wild-type.

(1) the clinical phenotypic characteristics of MAP are present in a candidate patient; and (2) the repair activities of
the MUTYH variants encoded in the two MUTYH alleles
of the patient are decreased, even when gene variations are
found in the patient by MUTYH mutation screening, information on the levels of the repair activities of MUTYH
variants is indispensable for properly diagnosing MAP. Regarding this point, our results are clinically useful.
Previous studies have provided contradictory results
regarding the subcellular localization of MUTYH protein in MAP patients; one paper insisted that MUTYH
protein was predominantly localized in the cytoplasm of
colorectal tumor cells in MAP patients but not in nonMAP patients, while the other papers denied this localization[34,35]. In the present study, the nuclear localization of
the p.R154H, p.M255V, p.L360P, and p.P377L MUTYH
type 2 variants was shown using two distinct experiments. Therefore, it seems that the amino acid changes
of p.R154H, p.M255V, p.L360P, and p.P377L did not
alter the subcellular localization of the MUTYH protein.
Similarly, Molatore et al[26] recently reported that 3 missense MUTYH variants other than our variants were all
localized in the nucleus.
In this paper, we successfully established cumateinducible stable human cell lines by utilizing the piggyBac
transposon vector system. Transposon technology is an
attractive non-viral gene delivery model that allows for
efficient genomic integration in a variety of cell types[36].
Among the several transposon systems available, the piggyBac transposon, which was isolated from the genome
of the cabbage looper moth (Trichoplusia ni), has been
optimized for gene transfer into mammalian cells[36,37].
In practice, the MUTYH expression status in our cell
lines after puromycin selection in the presence of cumate
clearly demonstrated abundant MUTYH expression in
almost all of the cells. Because we performed transient
transfection with a shuttle plasmid in the supF forward

P < 0.01
250

P < 0.01

-4

Mutation frequency (10 )

200

150

100

8OHG

8OHG

8OHG

8OHG

8OHG

MUTYHM255V

MUTYHL360P

MUTYHP377L

8OHG

MUTYHR154H

G
Empty

0
(Plasmid)

MUTYHWT

50

Figure 3 Measurement of the mutation frequency of the supF gene in the
pMY189 plasmid using a supF forward mutation assay in H1299 human
cell lines inducibly expressing MUTYH variant proteins. Empty vector-transposed cells and cells inducibly expressing wild-type (WT) MUTYH or p.R154H,
p.M255V, p.L360P, or p.P377L MUTYH variants in the presence of cumate were
transfected with a pMY189 shuttle plasmid, and the mutation frequency of supF
in these human cell lines was measured. “8-hydroxyguanine (8OHG)” indicates
a pMY189 plasmid containing an 8OHG residue at position 159 of supF, while
“G” indicates a pMY189 plasmid containing the WT supF gene. The data are
shown as the means ± SE.

glycosylase activities of the p.R154H, p.L360P, and p.P377L
proteins were severely impaired[27]. Thus, the results regarding the regulation of the mutation frequency in the present
study are in agreement with DNA glycosylase activity in
the previous study. A combination of the results of two
distinct analyses, i.e., in vitro and in vivo analyses, would
provide more definitive proof of the pathogenicity of the
p.R154H, p.M255V, p.L360P, and p.P377L MUTYH variants. Because the diagnosis of MAP depends on whether
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Applications

mutation assay in this study, the genomic integration of
the sequence for MUTYH expression using the piggyBac
transposon system was well suited to our experiment.
In our experiments, the level of expression of exogenously introduced MUTYH was much higher than
the level of expression of endogenous MUTYH. This
scenario allowed us to effectively evaluate the activities
of MUTYH variants to regulate the mutation frequency,
and we believe that such an evaluation was successfully
performed. However, we cannot completely exclude the
possibility that the functional difference observed under
experimental conditions of high MUTYH expression
levels does not reflect a true functional difference.
The impaired activity of MUTYH variants was shown
using H1299 human lung cancer cells in this study. We
used this cell line because we believed that the ability of
MUTYH variants to suppress mutations in H1299 cells
is not different from their ability in human cells derived
from the colorectum. If there are no organ type-specific
systems to modulate MUTYH activity, then MUTYH activity is dependent on the MUTYH expression level and
MUTYH variation. Moreover, we studied overexpressed
and exogenous MUTYH variant proteins in this paper.
Therefore, we believe our results can most likely be applied for colorectal cells. However, because it might be
possible that the difference in organ type has an effect
on the results of functional evaluation, we would like to
evaluate this activity in human colorectal cells in the future.
Genetic screening for MUTYH mutations in the diagnosis of colorectal polyposis continues to be performed
worldwide, and technological progress in genome sequencing analysis has contributed to efficient and rapid
screening protocols. Therefore, increasing MUTYH nucleotide variants are likely to be detected in the future. For
appropriate patient management, the levels of the repair
activities of MUTYH variant proteins should be evaluated, and our system for determining the abilities of these
variants to suppress oxidative mutagenesis in human cells
in vivo may be of great use for such evaluations.

The results of the present study suggest that the suppressive activities of
p.R154H, p.M255V, p.L360P, and p.P377L MUTYH variant proteins against
mutations caused by 8-hydroxyguanine (8OHG) are severely impaired in human cells. These in vivo results combined with results from our previous in vitro
analysis provide definitive proof of the pathogenicity of p.R154H, p.M255V,
p.L360P, and p.P377L MUTYH variants. This conclusion is valuable for the appropriate diagnosis of MAP.

Terminology

The base excision repair protein MUTYH is involved in the repair of the oxidative base lesion 8OHG in DNA. Patients with biallelic inactivating germline
mutations in the MUTYH gene are predisposed to MAP, which is characterized
by the development of multiple colorectal adenomas and carcinomas.

Peer review

This is a good study in which authors analyze the suppressive activity of MUTYH variant proteins against mutations caused by 8OHG in human cells. Towards understanding the impact of having so many missense mutations among
MAP patients, the authors have steadily developed an infrastructure for serving
the patients in the future. Through expression of MUTYH WT and 4 variants,
subcellular localization, and mutation frequency counting, they suggested that
anti-mutation activity of the four MUTYH variants were severely impaired in human cells.
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Long-term treatment outcomes of clevudine in antiviralnaive patients with chronic hepatitis B
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Seok Hyun Kim, Byung Seok Lee, Heon Young Lee
data of CHB patients treated with clevudine 30 mg/d
and compared their clinical outcomes with patients
treated with entecavir 0.5 mg/d. The biochemical response, as assessed by serum alanine aminotransferase (ALT) activity, virologic response, as assessed by
serum hepatitis B virus DNA (HBV DNA) titer, serologic
response, as assessed by hepatitis B e antigen (HBeAg)
status, and virologic breakthrough with genotypic mutations were assessed.
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RESULTS: Two-hundred and fifty-four patients [clevudine (n = 118) vs entecavir (n = 136)] were enrolled.
In clevudine-treated patients, the cumulative rates of
serum ALT normalization were 83.9% at week 48 and
91.5% at week 96 (80.9% and 91.2% in the entecavir
group, respectively), the mean titer changes in serum
HBV DNA were -6.03 and -6.55 log10 copies/mL (-6.35
and -6.86 log10 copies/mL, respectively, in the entecavir group), and the cumulative non-detection rates of
serum HBV DNA were 72.6% and 83.1% (74.4% and
83.8%, respectively, in the entecavir group). These
results were similar to those of entecavir-treated patients. The cumulative rates of HBeAg seroconversion
were 21.8% at week 48 and 25.0% at week 96 in
patients treated with clevudine, which was similar to
patients treated with entecavir (22.8% and 27.7%, respectively). The virologic breakthrough in the clevudine
group occurred in 9 (7.6%) patients at weeks 48 and
15 (12.7%) patients at week 96, which primarily corresponded to genotypic mutations of rtM204I and/or
rtL180M. There was no virologic breakthrough in the
entecavir group.

Abstract
AIM: To evaluate the treatment outcomes of clevudine
compared with entecavir in antiviral-naive patients with
chronic hepatitis B (CHB).

CONCLUSION: In antiviral-naive CHB patients, longterm treatment outcomes of clevudine were not inferior
to those of entecavir, except for virologic breakthrough.

METHODS: We retrospectively analyzed the clinical

© 2012 Baishideng. All rights reserved.
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typic resistance[11-13].
This study was performed to evaluate the long-term
treatment efficacy and safety of CLV in antiviral-naive
patients with chronic HBV infection on the basis of
those of ETV as a comparative standard of the present
study.

Key words: Chronic hepatitis B; Hepatitis B virus; Clevudine; Entecavir; Treatment outcomes
Peer reviewers: Tatsuya Ide, MD, PhD, Assistant Professor,

Division of Gastroenterology, Department of Medicine, Kurume University School of Medicine, 67 Asahi-machi, Kurume
830-0011, Japan; Guglielmo Borgia, MD, Professor, Public Medicine and Social Security, University of Naples “Federico II”,
Malattie Infettive (Ed. 18) Via S Pansini 5, I-80131 Naples, Italy

MATERIALS AND METHODS
Study subjects
The study subjects were CHB patients who were treated
with CLV or ETV as a 1st-line treatment at six University Hospitals in Daejeon and Chungcheong provinces in
Korea between January 2007 and March 2010. CHB was
diagnosed either histologically or clinically. The clinical
diagnosis of CHB was determined through the presence
of hepatitis B surface antigen over at least a 6-mo period, a high titer of serum HBV DNA, and sustained or
fluctuating elevations of serum alanine aminotransferase
(ALT) activity at the corresponding times. In this study,
we enrolled CHB patients with a serum ALT value ≥ 80
IU/L and serum HBV DNA titer > 100  000 copies/mL
who had been taking CLV 30 mg or ETV 0.5 mg daily.
We followed the global guideline for ALT value, which
is 2 times over the normal value. Patients with the following criteria were excluded: age less than 18 years;
interferon therapy within 6 mo; HCC diagnosis prior to
entrance to this study; alcohol consumption more than
80 g per week; elevated serum ALT value due to other
causes, such as drugs, toxins, autoimmune-related or
metabolic-related liver diseases, co-infection with hepatitis C virus or human immunodeficiency virus; creatinine
clearance less than 50 mL/min; or severe systemic illnesses. During the treatment with antiviral agents, drug
compliance was recorded, and patients who did not take
the antiviral drug for more than 12 wk were also excluded from the study. The selection of antiviral drug was
determined by the patients after they were provided with
information on the drugs and their relative merits. The
study was conducted in accordance and compliance with
ethical guidelines of the 1975 Declaration of Helsinki.
Among the 352 total CHB patients treated with CLV
or ETV, we analyzed the clinical data of 254 patients in
this study after excluding 67 patients with serum ALT
value < 80 IU/L and 31 patients with inadequate followup, poor compliance, or insufficient data (Figure 1).

Kim SB, Song IH, Kim YM, Noh R, Kang HY, Lee HI, Yang HY,
Kim AN, Chae HB, Lee SH, Kim HS, Lee TH, Kang YW, Lee
ES, Kim SH, Lee BS, Lee HY. Long-term treatment outcomes
of clevudine in antiviral-naive patients with chronic hepatitis B.
World J Gastroenterol 2012; 18(47): 6943-6950 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v18/i47/6943.htm
DOI: http://dx.doi.org/10.3748/wjg.v18.i47.6943

INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a serious
health problem worldwide and a major risk factor for
the development of liver cirrhosis and hepatocellular
carcinoma (HCC), two grave complications that have a
high morbidity and mortality[1,2]. Although the seroprevalence rate of HBV in the South Korean population has
gradually decreased since the development of the HBV
vaccine in the 1980s, the rate is still high compared to
Western countries[3,4].
Since the first oral antiviral agent against HBV, lamivudine, was introduced in 1997[5-7], there has been a
significant evolution in antiviral fields for patients with
chronic hepatitis B (CHB).
Among HBV-targeted oral agents available in Korea,
such as lamivudine, adefovir, clevudine, entecavir, and
telbivudine, clevudine (CLV) and entecavir (ETV) are
now prescribed to a large extent, and they were approved
by the South Korean Food and Drug Administration in
2006 and subsequently marketed in Korea as a 1st-line
treatment for patients with chronic HBV infection. CLV,
which was developed in Korea, is a pyrimidine nucleoside analog with potent antiviral activity against HBV[8].
CLV therapy for 24 wk showed durable off-treatment virologic suppression and excellent on-treatment virologic
response in both hepatitis B e antigen (HBeAg)-positive
CHB patients and HBeAg-negative CHB patients[9,10].
However, CLV-related myopathy was found in a previous global clinical trial, which was controlled due to unfavorable safety profiles despite a tolerable, manageable,
and self-limited level of adverse effects.
In contrast, after the clinical establishment of ETV,
an analog of the deoxyguanosine nucleoside, as an antiviral agent against HBV, ETV has become the most
frequently prescribed drug in clinical fields for the treatment of CHB patients both globally and in Korea, with
advantages of potent HBV suppression and low geno-

WJG|www.wjgnet.com

Clinical variables for study evaluation
Clinical baseline characteristics, such as age, gender, history of alcohol consumption, presence of cirrhosis, history of prior antiviral therapy, and other medical history,
were retrospectively reviewed and analyzed. Cirrhosis
was diagnosed based on histologic evidence through liver
biopsy or clinical manifestations of portal hypertension,
such as gastroesophageal varices or other collaterals, ascites, encephalopathy, splenomegaly, thrombocytopenia,
and radiologic features suggestive of cirrhosis on liver
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to confer resistance to an antiviral agent. In this study,
rtM204V/I and rtL180M were considered CLV-related
mutations due to common profiles of genotypic mutation for CLV and lamivudine[14,15]. We also defined no
virologic response as a decrease < 2 log10 copies/mL in
serum HBV DNA titer after 24 wk of drug administration.

Total 352 patients

Clevudine-treated patients 141

23 excluded
ALT< 80 IU/L: 16
Inadequate follow-up period: 4
Poor compliance: 1
Insufficient data: 2

Entecavir-treated patients 211

75 excluded
ALT< 80 IU/L: 51
Inadequate follow-up period: 10
Poor compliance: 2
Insufficient data: 12

118 patients

Evaluation of adverse effects
When the patients experienced constitutional symptoms,
such as weakness, fatigue, or muscle pain, during the
administration of antiviral agents, the serum creatinine
phosphokinase (CK) activity was measured for the detection of clinical myopathy. Clinical myopathy was defined as a presence of the above-mentioned symptoms
with a simultaneous elevation of serum CK activity.

136 patients

Figure 1 Flow chart of patient enrollment. ALT: Alanine aminotransferase.

ultrasound or computed tomography.
Serum ALT, creatinine, HBeAg/anti-HBe, and HBV
DNA titer were recorded approximately 3-mo interval
following CLV or ETV administration, and if the examination times were missed, the latest results within a
month were used for analysis.
Serum HBV DNA titers were determined by realtime polymerase chain reaction (PCR) with two types
of detection indicators: one model with a minimum detection level of 316 copies/mL (Cobas Amplicor PCR,
Roche Molecular Systems, United States) and the other
model with a minimum detection level of 70 copies/mL
(Cobas Taqman, Roche Diagnostics, United States).
Mutant analysis of HBV DNA for detecting genotypic
resistance was performed by polymerase chain reactionrestriction fragment length polymorphism or direct sequencing in patients showing virologic breakthrough.

Statistical analysis
SPSS software (Windows version 15.0, Chicago, IL,
United States) was used for statistical analysis for comparison. Student’s t-test was applied for consecutive
variables, and the χ 2 test or Fisher’s verification was applied for categorical variables. Statistical significance was
determined when the P-value was < 0.05.

RESULTS
Baseline characteristics of the patients
Of the 254 patients with CHB enrolled in this study, 118
patients (70 men and 48 women) were treated with CLV,
and 136 patients (86 men and 50 women) were treated
with ETV (Figure 1). The mean age of the patients was
42 ± 11 years. None of the patients were previously
treated with any antiviral drugs including interferon. No
significant difference was noted in the number of patients with cirrhosis (12.7% in the CLV group vs 22.1%
in the ETV group, P = 0.052), HBeAg positivity (74.6%
in the CLV group vs 69.1% in the ETV group, P = 0.322),
median serum ALT value [158 (107-263) IU/L in the
CLV group vs 139.5 (101.5-288.5) IU/L in the ETV
group, P = 0.206], and serum HBV DNA titer (7.3 ± 1.1
log10 copies/mL in the CLV group vs 7.4 ± 1.1 log10 copies/mL in the ETV group, P = 0.556) between the CLV
and ETV groups. The median follow-up period was
similar in the two groups (74 ± 24 wk in the CLV group
and 75 ± 21 wk in the ETV group, P = 0.922) (Table 1).

Evaluation of treatment efficacy
We evaluated the biochemical responses, including the
median change and cumulative normalization rate of
the serum ALT value, the virologic responses, including
the decrement degree and cumulative non-detection rate
of the serum HBV DNA titer, the serologic responses,
including the cumulative rates of HBeAg clearance and
HBeAg seroconversion, and the antiviral resistance, including the cumulative rate of virologic breakthrough
with genotypic mutation.
Non-detection of HBV DNA was defined as a serum
HBV DNA titer less than 316 copies/mL. ALT normalization was defined as a serum ALT value less than 40
IU/L. HBeAg clearance was defined as a loss of HBeAg
in a patient who was previously positive for HBeAg, and
HBeAg seroconversion was defined as a loss of HBeAg
and an acquisition of anti-HBe in a patient who was
previously positive for HBeAg and negative for antiHBe. Virologic breakthrough was defined as an increase
in serum HBV DNA titer by > 1 log10 (10-fold) above
nadir after achieving a virologic response during continued treatment. Genotypic resistance was defined as
the detection of mutations that have been shown in vitro

WJG|www.wjgnet.com

Biochemical responses assessed by serum ALT
The median values of serum ALT at weeks 24, 48, 72,
96, and 120 after treatment were 27, 27, 27, 26, and
16 IU/L in the CLV group and 29, 24, 23, 21, and
16 IU/L in the ETV group, respectively (Figure 2A).
The cumulative rates of serum ALT normalization at
the same points of time were 81.9% (95/116), 83.9%
(99/118), 83.9% (99/118), 91.5% (108/118), and 94.1%
(111/118) in the CLV group and 73.9% (99/134), 80.9%
(110/136), 89.7% (122/136), 91.2% (124/136), and
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A

Table 1 Baseline characteristics of the enrolled patients n (%)
Clevudine
(n = 118)

Age1, yr
Male gender
Cirrhosis
ALT2, IU/L
HBeAg-positive
HBV DNA level3,
log10 copies/mL
Follow-up period3, wk

42 ± 11
70 (59.3)
15 (12.7)
158 (107-263)
88 (74.6)
7.3 ± 1.1
74 ± 24

0

41 ± 11
86 (63.2)
30 (22.1)
139.5 (101.5-288.5)
94 (69.1)
7.4 ± 1.1
75 ± 21

0.358
0.528
0.052
0.206
0.322
0.556
0.922

Data are presented by 1mean ± SD; 2median (interquartile rang); 3median
± SD. ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBeAg:
Hepatitis B e antigen.

A
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Serum ALT value
ALT normalization rate (%)

B
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Figure 2 Median changes in serum alanine aminotransferase values and
cumulative rates of alanine aminotransferase normalization during the ontreatment period. A: Alanine aminotransferase (ALT) values; B: Cumulative
rates of ALT normalization.
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Entecavir
Entecavir

60

40

20

24

48
72
96
On-treatment period (wk)

120

Serologic responses assessed by HBeAg
In patients who were positive for HBeAg, the cumulative rate of HBeAg clearance was 19.5% (16/82), 33.3%
(29/87), 37.5% (33/88), 40.9% (36/88), and 40.9%
(36/88) in the CLV group and 20.2% (17/84), 28.3%
(26/92), 34.0% (32/94), 40.4% (38/94), and 40.4%
(38/94) in the ETV group at weeks 24, 48, 72, 96, and
120 after drug administration, respectively (Figure 4A).
The cumulative rate of HBeAg seroconversion was

92.6% (126/136) in the ETV group, respectively (Figure
2B). No significant difference was noted in either the
median value or cumulative normalization rate of serum
ALT between the two groups.
Virologic responses assessed by serum HBV DNA
The titer decrements of serum HBV DNA were -5.83,
-6.03, -5.66, -6.55, and -7.28 log10 copies/mL in the

WJG|www.wjgnet.com

Clevudine

CLV group and -5.70, -6.35, -6.74, -6.86, and -7.63
log10 copies/mL in the ETV group at weeks 24, 48, 72,
96, and 120 after treatment, respectively. There was no
significant difference between the groups, except for
serum HBV DNA titer at week 72 (CLV group vs ETV
group, P < 0.05)(Figure 3A). At the same time points,
the cumulative non-detection rates of serum HBV DNA
were 61.3% (68/111), 72.6% (85/117), 77.1% (91/118),
83.1% (98/118), and 85.6% (101/118) in the CLV group
and 57.3% (71/124), 74.4% (99/133), 83.8% (114/136),
83.8% (114/136), and 83.8% (114/136) in the ETV
group, respectively, showing no significant difference
(Figure 3B).

60

24

-6

Figure 3 Decrement changes in serum hepatitis B virus DNA titer and
cumulative rates of hepatitis B virus DNA non-detection during the ontreatment period. A: Hepatitis B virus (HBV) DNA decrement changes; B: HBV
DNA non-detection rate.
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A

50

Clevudine

DISCUSSION

Entecavir

1-(2-deoxy-2-fluoro- β -L-arabinofuranosyl)thymine
(CLV) is a nucleoside analogue with powerful antiviral activity against HBV; it inhibits DNA polymerase
through the binding of clevudine-triphosphate to the
polymerase[16]. CLV is one of the currently available antiviral agents used as a 1st-line treatment for CHB patients
in Korea, an HBV-endemic area. Although CLV was reported to be beneficial in virologic suppression on-treatment and off-treatment in CHB patients, these results
were reported in a few clinical studies with small study
populations and/or short follow-up periods[9,10,17,18], and
a large-scale, long-term comparative study should have
been required for verifying the efficacy of CLV. With
these considerations, the present study was conducted to
assess relatively long-term (median follow-up period of
74 wk) clinical outcomes of CLV in antiviral-naive CHB
patients compared with ETV-treated patients during the
same period, and this study was conducted in multiple
regional institutes.
ETV is strongly recommended as a 1st-line treatment
agent in the AASLD and EASL guidelines[19,20], because
it effectively suppresses HBV DNA and has a low genotypic resistance. Because of the globally established effects of ETV on HBV infection, the present study used
clinical outcomes of ETV as a comparative standard
for estimating the treatment efficacy of CLV in patients
with CHB.
In this study, the cumulative rate of serum ALT normalization in CLV-treated patients increased from 83.9%
at week 48 to 91.5% at week 96, which was similar to
ETV-treated patients. Previous studies have reported
that CLV showed a wide-range of ALT normalization
(68.2% to 98.1% at week 24 and 77.3% to 87.5% at
week 48)[9,10,17,21-23]. The cumulative non-detection rate
of serum HBV DNA in the CLV group also increased
from 61.3% at week 24 to 72.6% at week 48 and 83.1%
at week 96, which was similar to the ETV group. These
rates seem to be slightly lower than previously reported
HBV DNA non-detection rates [17,21,24,25], most likely
resulting from the use of a stricter detection assay of
HBV DNA in our study. HBV DNA detection is mainly
affected by the detection limit of the quantitation tool
of HBV DNA. The real-time polymerase chain reaction
method used in our study institutes is the most sensitive
method for the quantitation of serum HBV DNA, and
the lower limit of detection was 70 copies/mL.
CLV-treated patients showed excellent biochemical
and virological responses during treatment and these
response were not inferior to the responses shown in
ETV-treated patients. Specifically, the titer decrement of
serum HBV DNA was rapid and potent, as it was nearly
at the 90% level of decrement at 96 wk after treatment
for 24 wk. The rapid and potent suppression of HBV
DNA is generally a significant indicator for maintaining
an on-treatment virological response and sustained off-
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Figure 4 Cumulative rates of hepatitis B e antigen clearance and hepatitis
B e antigen seroconversion during the on-treatment period. A: Hepatitis B
e antigen (HBeAg) clearance rate; B: HBeAg seroconversion rate.

11.0% (9/82), 21.8% (19/87), 20.5% (18/88), 25.0%
(22/88), and 25.0% (22/88) in the CLV group and
13.1% (11/84), 22.8% (21/92), 23.4% (22/94), 27.7%
(26/94), and 27.7% (26/94) in the ETV group, respectively, at the same time points (Figure 4B). No significant difference was observed in the cumulative rates of
HBeAg clearance or HBeAg seroconversion between the
two groups.
Virologic breakthrough and adverse effects
Virologic breakthrough in the CLV group occurred in
7.6% (9/118) of the patients at 1-year after administration and 12.7% (15/118) of the patients at 2-years after
administration, while no virologic breakthrough occurred in the ETV group throughout the treatment period (CLV group vs ETV group, P < 0.05). Most of the
patients with virologic breakthrough showed a genotypic
mutation at sites rt204 and rt180, either singly or combined, except for two patients, who showed mutation
at site rt80. Only two patients (1.7%) in the CLV group
experienced clinical myopathy, and they showed selflimited recovery with conservative management without
dose reduction or discontinuation of CLV.
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treatment virological response[26].
This study revealed that the HBeAg clearance rate
in the CLV group increased from 33.3% at week 48 to
40.9% at week 96, and this pattern was similar to the
ETV group and the results of previous CLV-related
studies (11.1%-25.7% at 6 mo and 23.5%-48.0% at 12
mo)[9,10,21,24]. The HBeAg seroconversion rate of CLVtreated patients, which was 21.8% at week 48 and
25.0% at week 96, was in agreement with ETV-treated
patients and comparable to results from previous
studies (7.6%-21.4% at 6 mo and 11.8%-16.9% at 12
mo)[9,10,18,25]. Our study did not show a significant difference either HBeAg clearance or HBeAg seroconversion
rates between the two groups treated with CLV or ETV.
In CLV-treated patients, the cumulative rate of virologic breakthrough increased from 7.6% at week 48
to 12.7% at week 96, while no virologic breakthrough
occurred in ETV-treated patients during treatment.
Most of the patients with virologic breakthrough had
genotypic mutations of rtM204I or rtL180M, as previously reported in other CLV-associated studies. Rt204 of
HBV DNA polymerase/reverse transcriptase is the main
site relevant to CLV-associated genotypic mutation, with
cross-resistance to other antiviral agents, such as lamivudine and telbivudine[14]. The add-on or mono-switch
to nucleotide analogs, such as tenofovir or adefovir, is a
possible rescue therapy for CLV-resistant CHB patients;
however, the choice of drug should be validated through
further clinical studies. In addition to rt204, rt80, rt180,
rt181, rt184, and rt270 have also been infrequently
reported to be mutation sites conferring resistance to
CLV. The cumulative rate of virologic breakthrough
induced by CLV-associated genotypic mutation has
been reported to be 0.7%-14.5% up to 12 mo[18,21,27,28]
and 24.4% up to 24 mo[29], which is similar to the results
of the present study. Biochemical breakthrough after
virologic breakthrough may occur, but several months
are required for ALT to increase[30]. We did not compare
the interval between biochemical breakthrough and
virologic breakthrough because it only occurred in the
CLV group. Most of the patients who showed virologic
breakthrough were changed to or supplemented with another drug before ALT increased. The current treatment
for virologic breakthrough for CLV is similar to that of
lamivudine[31].
The biologic mechanism of myopathy related to
CLV has not been clearly identified, but mitochondrial
dysfunction induced by mtDNA polymerase γ suppression of the phosphorylated CLV metabolite has been
hypothesized to be involved[32-34]. Although the incidence
rate of myopathy has been reported to be variable (1%
-14.6%)[15,17,21,22,25,35], only 1.7% of CLV-treated patients
in this study showed clinical myopathy to the tolerable
extent of compliance without any modification of drug
administration.
The present study has several restrictions. First, this
is a retrospective study, which could not entirely escape
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a non-intentional withdrawal of a number of study
candidates prior to study analysis; therefore selection
bias was not completely eliminated. This matter could
be overcome through a comparative prospective study;
Second, the detection limit of the serum HBV DNA titer was different in each institute that participated in this
study, which could affect the cumulative non-detection
rate of serum HBV DNA, despite the adoption of
real-time PCR with a relatively sensitive quantitation
indicator; Third, the analysis of clinical myopathy was
insufficient because of irregular check-up for obtaining
clinical information and data review only through medical records of the patients, which could not exclude the
presence of myopathy of a subclinical nature; Fourth,
the lack of off-treatment clinical responses suggests that
an advanced clinical study sufficient to assess long-term
outcomes, such as response maintenance, relapse, and
disease progression after treatment, is needed.
In conclusion, we evaluated the clinical outcomes
of CLV as a first-line treatment agent in antiviral-naive
CHB patients. The on-treatment biochemical, virologic,
and serologic responses of CLV, except for genotypic
resistance with virologic breakthrough, were as good as
and not inferior to the responses of ETV up to a 96-wk
period. In the future, clinical data for the rescue therapy
of CLV-related antiviral resistance should be mandatory
and should be acquired through a large-scale prospective study. A study to determine the conditions under
which virologic resistance could be minimized should
be performed.
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appropriately treated and text is clear although the retrospective study.
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ORIGINAL ARTICLE

Effects of hexahydrocurcumin in combination with
5-fluorouracil on dimethylhydrazine-induced colon cancer
in rats
Khanitta Srimuangwong, Chainarong Tocharus, Jiraporn Tocharus, Apichart Suksamrarn,
Pornphorm Yoysungnoen Chintana
by subcutaneous injection of DHM (40 mg/kg) twice
a week for two weeks. After the first DMH injection,
rats were treated daily with vehicle (n = 12), curcumin
(CUR) (50 mg/kg) (n = 12), HHC (50 mg/kg) orally (n
= 12), and treated weekly with an intraperitoneal injection of 5-FU (50 mg/kg) (n = 12), or a combination of
5-FU plus CUR (n = 12) and HHC (n = 12) at the same
dosage(s) for 16 wk. The total number of ACF and
large ACF were assessed. Cyclooxygenase (COX)-1 and
COX-2 expression were detected by immunohistochemistry in colon tissues. The quantitative data of both
COX-1 and COX-2 expression were presented as the
percentage of number of positive-stained cells to the
total number of cells counted. Apoptotic cells in colon
tissues were also visualized using the dUTP-biotin nick
end labeling method. Apoptotic index (AI) was determined as the percentage of labeled nuclei with respect
to the total number of nuclei counted.
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RESULTS: The total number of ACF was highest in the
DMH-vehicle group (1558.20 ± 17.37), however, the
number of ACF was significantly reduced by all treatments, 5-FU (1231.20 ± 25.62 vs 1558.20 ± 17.37, P <
0.001), CUR (1284.20 ± 25.47 vs 1558.20 ± 17.37, P <
0.001), HHC (1086.80 ± 53.47 vs 1558.20 ± 17.37, P <
0.001), DMH-5-FU + CUR (880.20 ± 13.67 vs 1558.20
± 17.37, P < 0.001) and DMH-5-FU + HHC (665.80 ±
16.64 vs 1558.20 ± 17.37, P < 0.001). Interestingly,
the total number of ACF in the combined treatment
groups, the DMH-5-FU + CUR group (880.20 ± 13.67
vs 1231.20 ± 25.62, P < 0.001; 880.20 ± 13.67 vs
1284.20 ± 25.47, P < 0.001) and the DMH-5-FU +
HHC group (665.80 ± 16.64 vs 1231.20 ± 25.62, P <
0.001; 665.80 ± 16.64 vs 1086.80 ± 53.47, P < 0.001)
were significantly reduced as compared to 5-FU or each
treatment alone. Large ACF were also significantly reduced in all treatment groups, 5-FU (111.00 ± 7.88 vs
262.20 ± 10.18, P < 0.001), CUR (178.00 ± 7.33 vs
262.20 ± 10.18, P < 0.001), HHC (186.60 ± 21.51 vs

Abstract
AIM: To investigate the effects of hexahydrocurcumin
(HHC), and its combination with 5-fluorouracil (5-FU)
on dimethylhydrazine (DMH)-induced colon cancer in
rats.
METHODS: Male Wistar rats weighing 100-120 g were
used as subject models. Aberrant crypt foci (ACF), early
preneoplastic lesions of colon cancer, were induced
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262.20 ± 10.18, P < 0.001), DMH-5-FU + CUR (122.00
± 5.94 vs 262.20 ± 10.18, P < 0.001) and DMH-5-FU
+ HHC (119.00 ± 17.92 vs 262.20 ± 10.18, P < 0.001)
when compared to the vehicle group. Furthermore, in
the DMH-5-FU + CUR and DMH-5-FU + HHC groups
the formation of large ACF was significantly reduced
when compared to CUR (122.00 ± 5.94 vs 178.00 ±
7.33, P < 0.005) or HHC treatment alone (119.00 ±
17.92 vs 186.60 ± 21.51, P < 0.001), however, this
reduction was not statistically different to 5-FU monotherapy (122.00 ± 5.94 vs 111.00 ± 7.88, P = 0.217;
119.00 ± 17.92 vs 111.00 ± 7.88, P = 0.619, respectively). The levels of COX-1 protein after all treatments
were not different from normal rats. A marked increase
in the expression of COX-2 protein was observed in
the DMH-vehicle group. Over-expression of COX-2 was
not significantly decreased by 5-FU treatment alone
(95.79 ± 1.60 vs 100 ± 0.00, P = 0.198). However,
over-expression of COX-2 was significantly suppressed
by CUR (77.52 ± 1.68 vs 100 ± 0.00, P < 0.001), HHC
(71.33 ± 3.01 vs 100 ± 0.00, P < 0.001), 5-FU + CUR
(76.25 ± 3.32 vs 100 ± 0.00, P < 0.001) and 5-FU +
HHC (68.48 ± 2.24 vs 100 ± 0.00, P < 0.001) in the
treated groups compared to the vehicle group. Moreover, CUR (77.52 ± 1.68 vs 95.79 ± 1.60, P < 0.001),
HHC (71.33 ± 3.01 vs 95.79 ± 1.60, P < 0.001), 5-FU
+ CUR treatments (76.25 ± 3.32 vs 95.79 ± 1.60, P <
0.001) and 5-FU + HHC (68.48 ± 2.24 vs 95.79 ± 1.60,
P < 0.001) markedly decreased COX-2 protein expression more than 5-FU alone. Furthermore, the AI in all
treated groups, 5-FU (38.86 ± 4.73 vs 23.56 ± 2.12,
P = 0.038), CUR (41.78 ± 6.92 vs 23.56 ± 2.12, P <
0.001), HHC (41.06 ± 4.81 vs 23.56 ± 2.12, P < 0.001),
5-FU + CUR (49.05 ± 6.75 vs 23.56 ± 2.12, P < 0.001)
and 5-FU + HHC (53.69 ± 8.59 vs 23.56 ± 2.12, P <
0.001) significantly increased when compared to the
DMH-vehicle group. However, the AI in the combination treatments, 5-FU + CUR (49.05 ± 6.75 vs 41.78
± 6.92, P = 0.192; 49.05 ± 6.75 vs 38.86 ± 4.73, P =
0.771) and 5-FU + HHC (53.69 ± 8.59 vs 41.06 ± 4.81,
P = 0.379; 53.69 ± 8.59 vs 38.86 ± 4.73, P = 0.245)
did not reach significant levels as compared with each
treatment alone and 5-FU monotherapy, respectively.

cancer in rats. World J Gastroenterol 2012; 18(47): 6951-6959
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i47/6951.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i47.6951

INTRODUCTION
5-fluorouracil (5-FU) therapy is a conventional treatment
for colorectal cancer and has been used for five decades.
However, the toxicity of this agent to normal tissues is
a major obstacle to successful cancer chemotherapy. To
reduce its toxicity, combination treatment of 5-FU with
minimally toxic substances derived from plants, such as
genistein and geraniol, have been employed. While these
are beneficial, they are also considered counterproductive in enhancing overall 5-FU efficacy[1-3]. Curcumin
(CUR), the major active substance in turmeric, which is
derived from the rhizome of Curcuma longa L. may be an
alternative[4]. CUR is considered a suitable replacement
for genistein and geraniol as it promotes higher 5-FU efficacy in the treatment of various cancer types, including
colon cancer[5,6]. The properties of CUR also highlight
its usefulness, as it specifically inhibits the expression of
cyclooxygenase (COX)-2, an enzyme highly expressed
in a variety of human cancers, but does not suppress
the expression of COX-1[7,8]. CUR also has a low level
of toxicity and is safe for the prevention/treatment of
human colorectal cancer compared to other chemopreventive agents such as non-steroidal inflammatory
drugs (NSAIDs)[9]. Recently, Du et al[3] showed that the
synergistic effect of CUR combined with 5-FU inhibited
the growth and reduced the level of COX-2 protein expression in HT-29 human colon cancer cells. However,
while CUR is a very important agent in preventing and
treating colorectal cancer, its characteristics-such as poor
solubility, poor absorption in the gastrointestinal tract and
rapid decomposition in human blood-make it unsuitable
for pharmaceutical development[10,11]. Therefore, CUR
metabolites were synthesized in order to solve these problems[12]. Hexahydrocurcumin (HHC) is one of the major
metabolites of CUR. Previous studies found that HHC
exhibited stronger antioxidant activity than CUR[13]. Moreover, this compound inhibited the biosynthesis of prostaglandin (PGE2) in lipopolysaccharide (LPS)-stimulated
macrophages[14]. PGE2 is also a major product of COX-2
enzymes, which are involved in colorectal carcinogenesis.
Interestingly, HHC decreased PGE2 levels in phorbol ester-induced PGE2 production in human colonic epithelial
cells[15]. Recently, our previous in vitro study showed that
HHC markedly decreased the viability of HT-29 human
colon cancer cells and down-regulated COX-2 mRNA
production. Moreover, the combined effect of HHC with
a low dose of 5-FU exerted a synergistic effect on the
growth of HT-29 cells by markedly reducing cell viability
and COX-2 mRNA to a greater degree than monotherapy[16]. Therefore, the present study aimed to investigate the
anti-colon carcinogenic effects of HHC in combination
with 5-FU, with a focus on the expression of COX-2 in

CONCLUSION: The combined effects of HHC with 5-FU
exhibit a synergistic inhibition by decreasing ACF formation mediated by down-regulation of COX-2 expression.
© 2012 Baishideng. All rights reserved.
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ACF analysis
Colons were dissected and washed with cold normal saline. They were then fixed in 10% buffer neutral formalin
for 24 h. The colon tissues were stained with 2% methylene blue for 2 min and placed on a microscope slide with
the mucosal surface up. ACF were examined under a light
microscope at 40 × magnification and distinguished from
surrounding normal crypts by the following characteristics: (1) increased size; (2) large luminal openings; (3)
thickened epithelia; and (4) larger than adjacent normal
crypts[18,19]. In this study, the number of ACF and large
ACF defined as containing 4 crypts or more (> 3 crypts/
ACF)[20], which represent advancing preneoplastic states,
were counted.

dimethylhydrazine (DMH)-induced rat colon cancer.

MATERIALS AND METHODS
Animals
Male Wistar rats (National Animal Center, Salaya, Nakorn
Pathom, Thailand) weighing 100-120 g were used. Animals were housed at 25 ± 2 ℃ under a 12-h light/dark
cycle. All procedures were carried out in accordance with
the Guidelines of Animal Care described by the Animal
Center, Faculty of Medical Science, Naresuan University,
Phitsanulok, Thailand.
Preparation of tested chemicals
CUR and HHC were prepared from C. longa L. Briefly,
the curcuminoid mixture obtained from the rhizomes of
C. longa L. was subjected to silica-gel column chromatography, using hexane-dichloromethane, dichloromethane
and dichloromethane-methanol as eluents to afford CUR
as the major constituent. Recrystallization was accomplished by dissolving the evaporated eluate with a small
quantity of dichloromethane and ethanol was then added. CUR crystallized out as yellow needles with a melting
point (m.p.) of 181-183 ℃. HHC was synthesized from
CUR by a catalytic hydrogenation reaction in ethanol for
5 h with palladium on charcoal as a catalyst. The product
was isolated from tetrahydrocurcumin and octahydrocurcumin by silica-gel column chromatography followed
by recrystallization with dichloromethane-n-hexane to
provide a 45% yield of HHC as a white amorphous solid
(m.p. 81-82 ℃). The spectroscopic (IR, 1H-NMR and
mass spectra) data of the synthesized HHC were consistent with those in a previous report[17]. CUR and HHC
were then separately dissolved in propylene glycol and
were ready for use.

Immunohistochemical analysis
COX-2: Paraffin sections from the distal portion of the
colon were dewaxed in xylene and rehydrated through a
graded series of alcohol. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide in methanol
for 15 min at ambient temperature. After washing in
water, nonspecific binding sites were blocked with 5%
bovine serum in phosphate-buffered saline (PBS) for
30 min at ambient temperature. The primary polyclonal
antibody COX-2 (Cayman Chemical, Ann Arbor, MI,
United States) was diluted in 1% BSA/Tris-Cl (at a 1:500
dilution) and incubated at 4˚C overnight. The slides
were then gently rinsed with PBS and incubated with the
secondary antibody (goat anti-rabbit immunoglobulins)
conjugated with labeled polymer-horseradish (HRP)
developed by the Envision system/HRP (DAKO cytomation, Glostrup, Denmark) as follows: the slides were
incubated in peroxidase-labeled polymer for 30 min and
substrate-chromogen for 10 min at ambient temperature.
The nuclei were counterstained with Mayer’s hematoxylin.
COX-2 expression is presented as the percentage of the
number of positive-stained cells to the total number of
cells counted by image analysis (Image Pro®-plus).

Experimental protocols
The animals were randomly divided into seven groups.
The animals in group 1, designated the negative control
(normal group, n = 10), were fed daily with propylene
glycol (PG). Group 2 to 7 served as the carcinogenic
groups. In these groups, the animals were subcutaneously
injected with DMH (Sigma-Aldrich, St. Louis, MO, United States) (40 mg/kg) twice a week for two wk in order
to induce aberrant crypt foci (ACF). In group 2, (vehicle
group, n = 12) rats were fed daily with PG. Group 3 (5-FU
group, n = 12) received an intraperitoneal injection (ip) of
5-FU at a dose of 50 mg/kg body weight weekly. Group
4 (CUR group, n = 12) and 5 (HHC group, n = 12), were
treated daily with intragastric administration of CUR and
HHC at a dose of 50 mg/kg, respectively, whereas group
6 (5-FU + CUR, n = 12) and 7 (5-FU + HHC, n = 12)
were the combined treatment groups, and were treated
with 5-FU plus CUR and 5-FU plus HHC, respectively.
All treatments were started after the first DMH injection
and were given daily until week 16.

WJG|www.wjgnet.com

COX-1: The paraffin sections were processed as in the
COX-2 method up to the nonspecific binding sites step.
The primary antibody COX-1 (Cayman Chemical, Ann
Arbor, MI, United States) was diluted in 1% BSA/Tris-Cl
(at a 1:1000 dilution) and incubated at 4˚C overnight. The
slides were then rinsed with PBS and incubated with the
secondary antibody conjugated with biotin (biotinylated
anti-mouse immunoglobulins) for 1 h at ambient temperature. The slides were incubated with the ABC reagent
(Vectastain, Burlingame, CA, United States) for 30 min at
ambient temperature and developed by DAB peroxidase
substrate (Vectastain, Burlingame, CA, United States).
The nuclei were counterstained with Mayer’s hematoxylin.
The positive stained cells were then counted by image
analysis software (Image Pro®-plus). COX-1 expression
is presented as the percentage of the number of positivestained cells to the total number of cells counted.
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A

B

C

Figure 1 Topographical view of colon tissue. A: Normal colon tissue; B: Aberrant crypt foci (ACF) with 2 crypts; C: Large ACF (crypt multiplicity containing more
than 3 crypts per ACF). Scale bars = 25 μm.

RESULTS

Table 1 Effect of curcumin, hexahydrocurcumin, 5-fluorouracil and their combined treatment on aberrant crypt foci
formation in rats exposed to dimethylhydrazine
Groups

Total ACF

Vehicle
5-FU
CUR
HHC
5-FU + CUR
5-FU + HHC

1558.20 ± 17.37
1231.20 ± 25.62b
1284.20 ± 25.47b
1086.80 ± 53.47b
880.20 ± 13.67b,d,f
665.80 ± 16.64b,d,h

Effects of 5-FU, CUR, HHC and their combined
treatments on ACF formation
ACF were distinguished from the surrounding normal
crypts by their increased size, darker epithelial lining
than normal crypts and large luminal opening (Figure
1). We assessed ACF formation in the colonic epithelia
of experimental models by recording two parameters of
ACF: (1) number of aberrant crypts and (2) large ACF
containing 4 crypts or more (> 3 crypts/ACF), which
are found in advancing preneoplastic states. The results
showed that all rats developed ACF in the colon after
DMH induction. The total number of ACF was highest
in the DMH-vehicle group (1558.20 ± 17.37) as shown
in Table 1. HHC treatment alone markedly reduced the
total number of ACF as compared to the vehicle group
(1086.80 ± 53.47 vs 1558.20 ± 17.37, P < 0.001). In addition, the total number of ACF in the 5-FU (1231.20 ±
25.62 vs 1558.20 ± 17.37, P < 0.001) and CUR treatment
alone groups (1284.20 ± 25.47 vs 1558.20 ± 17.37, P <
0.001) were significantly decreased as compared to the
DMH-vehicle group. Interestingly, the total number of
ACF in the combined treatment group, the DMH-5-FU
+ HHC group, was significantly reduced as compared
to 5-FU or HHC treatment alone (665.80 ± 16.64 vs
1231.20 ± 25.62, P < 0.001; 665.80 ± 16.64 vs 1086.80 ±
53.47, P < 0.001). Similarly, the total number of ACF in
the DMH-5-FU + CUR group was significantly reduced
as compared to 5-FU or CUR treatment alone (880.20
± 13.67 vs 1231.20 ± 25.62, P < 0.001; 880.20 ± 13.67 vs
1284.20 ± 25.47, P < 0.001). The large ACF were significantly reduced in all treatment groups, 5-FU (111.00 ±
7.88 vs 262.20 ± 10.18, P < 0.001), CUR (178.00 ± 7.33
vs 262.20 ± 10.18, P < 0.001), HHC (186.60 ± 21.51 vs
262.20 ± 10.18, P < 0.001), DMH-5-FU + CUR (122.00
± 5.94 vs 262.20 ± 10.18, P < 0.001) and DMH-5-FU
+ HHC (119.00 ± 17.92 vs 262.20 ± 10.18, P < 0.001)
when compared to the vehicle group. Furthermore, the
DMH-5-FU + CUR and DMH-5-FU + HHC groups
significantly reduced the formation of the large ACF
when compared to CUR (122.00 ± 5.94 vs 178.00 ± 7.33,

Large ACF
262.20 ± 10.18
111.00 ± 7.88b
178.00 ± 7.33b
186.60 ± 21.51b
122.00 ± 5.94b
119.00 ± 17.92b,h

Each value is represented by mean ± SE. bP < 0.01 vs vehicle group; dP <
0.01 vs 5-fluorouracil (5-FU) monotherapy; fP < 0.01 vs curcumin (CUR)
monotherapy; hP < 0.01 vs hexahydrocurcumin (HHC) monotherapy. ACF:
Aberrant crypt foci.

Apoptotic analysis
Apoptotic cells in the distal colon were visualized using
the terminal deoxynucleotidyl transferase (TdT)-mediated
dUTP-biotin nick end labeling (TUNEL) method with the
FragELTM DNA fragmentation Detection kit (Calbiochem,
Darmstadt, Germany). The deparaffinized tissue sections
were permeabilized by Triton-X-100 and inactivated by
endogenous peroxidases with 3% H2O2 in methanol at
ambient temperature for 5 min. The tissue sections were
incubated with TUNEL reaction mixture containing the
TdT at 37 ℃ for 60 min. Slides were rinsed twice in PBS
for 10 min and dried around the sample. The labeled DNA
was detected by DAB solution for 10-15 min at ambient
temperature. The nuclei were counterstained immediately
with methyl green solution. Finally, the slides were washed
and analyzed under a light microscope. Apoptotic index
(AI) was determined as the percentage of the labeled nuclei with respect to the total number of nuclei counted.
Statistical analysis
The differences in mean values among the different
groups were tested and the values are expressed as mean
± SE. All data were tested by analysis of variance followed by the LSD test. All statistical calculations were
carried out using SPSS (version 11.5) and a P-value <
0.05 was considered significant.
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P < 0.005) or HHC treatment alone (119.00 ± 17.92 vs
186.60 ± 21.51, P < 0.001), however, this reduction was
not statistically different to 5-FU monotherapy (122.00 ±
5.94 vs 111.00 ± 7.88, P = 0.217; 119.00 ± 17.92 vs 111.00
± 7.88, P = 0.619, respectively).

CUR (41.78% ± 6.92% vs 23.56% ± 2.12%, P < 0.001),
HHC (41.06% ± 4.81% vs 23.56% ± 2.12%, P < 0.001),
5-FU + CUR (49.05% ± 6.75% vs 23.56% ± 2.12%, P
< 0.001) and 5-FU + HHC (53.69% ± 8.59% vs 23.56%
± 2.12%, P < 0.001) and were significantly increased
when compared to the DMH-vehicle group. However,
the AI in the combined treatments which were: 5-FU +
CUR (49.05% ± 6.75% vs 41.78% ± 6.92%, P = 0.192;
49.05% ± 6.75% vs 38.86% ± 4.73%, P = 0.771) and
5-FU + HHC (53.69% ± 8.59% vs 41.06% ± 4.81%, P =
0.379; 53.69% ± 8.59% vs 38.86% ± 4.73%, P = 0.245)
did not reach significant levels as compared with each
treatment alone and 5-FU monotherapy, respectively.

Effects of 5-FU, CUR, and HHC alone and their combined
treatments on COX-2 expression
Immunohistochemical assays demonstrated that COX-2
protein was mostly localized in the cytoplasm in a diffusegranular pattern. Positive staining was seen as a brown
stain at a low-power field (20X), indicated by the arrows
in Figure 2A. The COX-2 protein was not observed in
normal colon mucosal tissue. The over-expression of
COX-2 was most marked in DMH-vehicle rats (Figure
2A). CUR and HHC alone and their combined treatments
attenuated the over-expression of COX-2. The quantitative data from image analysis showed that marked COX-2
expression was found in the vehicle group (100% ±
0.00%) (Figure 2B). Over-expression of COX-2 was not
significantly decreased by 5-FU treatment alone (95.79%
± 1.60% vs 100% ± 0.00%, P = 0.198). However, overexpression of COX-2 was significantly suppressed by
CUR (77.52% ± 1.68% vs 100% ± 0.00%, P < 0.001),
HHC (71.33% ± 3.01% vs 100% ± 0.00%, P < 0.001),
5-FU + CUR (76.25% ± 3.32% vs 100% ± 0.00%, P <
0.001) and 5-FU + HHC (68.48% ± 2.24% vs 100% ±
0.00%, P < 0.001) compared to the vehicle group. Moreover, CUR monotherapy (77.52% ± 1.68% vs 95.79% ±
1.60%, P < 0.001), HHC monotherapy (71.33% ± 3.01%
vs 95.79% ± 1.60%, P < 0.001), 5-FU + CUR (76.25% ±
3.32% vs 95.79% ± 1.60%, P < 0.001) and 5-FU + HHC
(68.48% ± 2.24% vs 95.79% ± 1.60%, P < 0.001) markedly decreased COX-2 protein expression more than 5-FU
treatment alone.

DISCUSSION
This study aimed to determine the anti-colon carcinogenic effects of HHC, a major metabolite of CUR, in
combination with 5-FU therapy with a focus on the expression of COX-2 in DMH-induced colorectal cancer
in rats. DMH induces DNA damage in the colon, ileum,
and liver, and thus is a carcinogen in colorectal tissue[21].
Several studies have reported that ACF are recognized as
early preneoplastic lesions of colorectal origin. In addition, crypt multiplicity may indicate a step in colon carcinogenesis promotion[22,23]. This study thus assessed the
formation of ACF in DMH-induced colorectal cancer in
a rat model. The results showed that both the total number of ACF and large ACF were highest in the DMHvehicle group. Moreover, over-expression of COX-2
protein was most marked in this group. These findings
agree with a previous study where an over-expression of
COX-2 was detected in ACF, adenomas and carcinomas
in azoxymethane-induced rat colon cancer[24]. Several
studies reported that COX-2 over-expression and upregulation of the prostaglandins play a crucial role in
carcinogenesis and angiogenesis [25-27]. COX-2 is also
known to have an anti-apoptotic effect on colon cancer
cells via the activation of different signal transduction
pathways [28-30]. Therefore, ACF induction of COX-2
promotes colon carcinogenesis, and blockage of these
processes is a strategy for colon cancer prevention and
treatment.
In the present study, we demonstrated that HHC
treatment alone significantly reduced the total number of
ACF and large ACF compared with the vehicle. This result suggests that HHC has the ability to inhibit the initiation and promotion of steps in colorectal carcinogenesis
which is similar to the property of CUR[31]. Furthermore,
HHC together with 5-FU exhibited a synergistic effect,
with inhibition of total ACF numbers being higher than
either HHC or 5-FU treatment alone. Therefore, it is
reasonable to assume that HHC augments the growth
inhibitory effect of 5-FU chemotherapy by inhibiting the
initiation of colorectal carcinogenesis. This result also
correlates with the synergistic inhibitory effect of CUR
combined with 5-FU on the growth of HT-29 human
colon cancer cells[3].

Effects of 5-FU, CUR, and HHC alone and their combined
treatments on COX-1 expression
COX-1 expression was observed in the cytoplasm of
most cells in colonic crypts in all animals. The COX-1
protein-labeled cells were analyzed by image analysis. The
data revealed that the level of COX-1 protein in all treated rats was not different from the normal group (data
not shown).
Effects of 5-FU, CUR, and HHC alone and their combined
treatments on apoptosis
Apoptotic cells showed a strong dark or brown stain in
normal colon mucosa (arrows in Figure 2C). In contrast,
apoptotic cells were very low in DMH-vehicle group.
5-FU, CUR, and HHC alone and their combined treatments induced an increment of apoptotic cells in colon
tissue. The quantitative data, as shown by the AI was
highest in normal colon tissue (75.71% ± 3.59%). In
Figure 2D, the results show that AI was very low in the
DMH-induced colon cancer vehicle group (23.56% ±
2.12%). The AI in all treated groups were as follows:
5-FU (38.86% ± 4.73% vs 23.56% ± 2.12%, P = 0.038),
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Figure 2 Effects of 5-fluorouracil, curcumin, and hexahydrocurcumin alone and their combined treatments on cyclooxygenase-2 protein expression and
apoptosis. A: Immunohistochemical staining of cyclooxygenase-2 (COX-2) protein expression. Scale bars = 50 μm; B: Quantitative data of COX-2 protein expression
(%). Each value is represented by mean ± SE. bP < 0.01 vs vehicle or 5-FU monotherapy; C: Apoptosis labeled using the dUTP-biotin nick end labeling method. Scale
bars = 50 μm; D: Apoptotic index (%). Each value is represented by mean ± SE. cP < 0.05, dP < 0.01 vs vehicle group. 5-FU: 5-fluorouracil; HHC: Hexahydrocurcumin;
CUR: Curcumin.

The anti-colorectal cancer mechanisms of HHC have
not previously been reported. However, Shao et al[14]
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reported that this compound inhibited the biosynthesis
of PGE2 in LPS-stimulated macrophages. Our study
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found that HHC alone significantly decreased the COX-2
protein level compared to vehicle treatment which was
similar to CUR treatment alone. The results support our
recent report which showed that HHC is significantly
responsible for the down-regulation of COX-2 mRNA
synthesis, but does not alter the expression of COX-1 in
HT-29 human colon cancer cells[16]. Furthermore, HHC
in combination with 5-FU has a higher level of potency
against COX-2 mRNA expression when compared with
cells treated with 5-FU or HHC alone. We therefore propose that HHC plays a significant role in inhibiting the
expression of COX-2 protein in colorectal carcinogenesis, and when combined with 5-FU can lead to an overall
decrease in the level of COX-2 protein and a reduction in
the formation of ACF in the early stage of colorectal carcinogenesis through attenuation of COX-2 expression.
When compared to the vehicle treatment group, this is an
important distinction. Furthermore, this study found that
the level of COX-1 protein after treatment with HHC
alone and in combination with 5-FU was not different
from normal rats. Therefore, HHC can be classified as a
selective COX-2 inhibitor in contrast to some NSAIDs
such as meloxicam, diclofenac, indomethacin which
inhibit both COX-2 and COX-1 expression, causing
injury to the gastric mucosa[32,33]. We suggest that HHC
treatment alone or in combination with 5-FU would not
produce unwanted side effects in the colorectal cancer
rat model, and thus HHC administration may be suitable
for the long-term treatment and/or prevention of human colorectal cancer. However, we must consider that
the relationship between COX-2 and carcinogenesis may
involve several pathways, including conversion of procarcinogens into active carcinogens, inhibition of apoptosis,
increase in tumor growth and invasiveness, and promotion of angiogenesis[25-30,34]. Therefore, it is reasonable that
COX-2 inhibitors may offer an important and powerful
target for cancer prevention and treatment. In the present
study, we also investigated whether HHC could induce
colon cell apoptosis in DMH-induced colon cancer in
rats. We showed that colon cell apoptosis in the DMHinjected group was significantly lower than that in normal
rats and was very low in the vehicle-treated group, however, treatment with HHC alone resulted in greater levels
of apoptosis. These results suggested that HHC may also
suppress colorectal carcinogenesis through its ability to
induce apoptosis, possibly by inhibiting COX-2 production. The combined treatment of HHC and 5-FU significantly increased apoptosis when compared to the vehicle
group, but not when compared to the groups treated
with HHC and 5-FU alone. These findings suggested
that HHC combined with 5-FU did not have a synergistic
effect on apoptosis induction in colorectal carcinogenesis
in the DMH-induced rat model. Therefore, the combined
effects of these agents on inhibition of ACF formation
may be due to other modes of actions which need to be
explored.
In summary, the evidence presented in this in vivo
study gives new insight into the anti-carcinogenic activity
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of HHC in this colorectal cancer model. Our findings
indicate that the addition of DMH caused COX-2 overexpression resulting in resistance to apoptosis in colorectal tissues. HHC treatment alone and combined with 5-FU
significantly suppressed the growth of colorectal cancer
at the initiation step by down-regulating the expression
of COX-2 and inducing apoptosis. Although the combined effect of HHC and 5-FU was similar to its progenitor, CUR, the greater bioavailability of HCC makes
it more suitable for further pharmaceutical development
in the prevention and therapy of colon cancer. Further
studies should be encouraged to determine the mechanisms underlining these anti-cancer activities.

COMMENTS
COMMENTS
Background

The toxicity of 5-fluorouracil (5-FU) chemotherapy in normal tissues is a major
limitation of its treatment of colon cancer. To avoid the toxicity of chemotherapeutic agents, alternative treatments using chemopreventive natural medicine
may be an option. The previous study showed that hexahydrocurcumin (HHC),
a natural metabolite of curcumin (CUR), enhanced 5-FU in inhibiting the growth
of HT-29 human colon cancer cells and down-regulated the expression of cyclooxygenase-2 (COX-2) mRNA in vitro. However, the effects of HHC combined
with 5-FU in vivo have not yet been studied. The present study therefore aimed
to investigate the anti-colon carcinogenic effects of HHC in combination with
5-FU on dimethylhydrazine (DMH)-induced colon cancer in rats, with a focus on
the expression of the COX-2.

Research frontiers

This study involved testing the anti-colon carcinogenesis effect of HHC combined with the standard chemotherapeutic agent, 5-FU. Areas of this research
included: studying the natural substance-HHC as an alternative or an adjunctive
cancer therapy; testing the anti-carcinogenic effect against DMH-induced colon
cancer in rats; measuring aberrant crypt foci (ACF) which are early preneoplastic lesions of colorectal cancer; measuring COX-2 protein, an important enzyme
which promotes/initiates the colon carcinogenesis process; and detecting the
apoptosis of colonic cells after these treatments.

Innovations and breakthroughs

In a previous study of 5-FU combined with CUR, it was found that this combined treatment had a synergistic effect on inhibiting the growth of a colorectal
cancer cell line. However, the physical properties of CUR are unsuitable for
pharmaceutical development. The authors thus synthesized HHC, a major metabolite of CUR, which shows greater bioavailability compared to CUR. In this
study, HHC in combination with 5-FU was tested for the treatment of colorectal
cancer. The authors found that HHC in combination with 5-FU suppressed the
formation of ACF more than HHC or 5-FU treatment alone, which indicates that
this combination shows a synergistic effect for anti-carcinogenic activity.

Applications

The results suggest that HHC combined with 5-FU can suppress the growth of
colorectal cancer without any side effects. HHC plus 5-FU also showed a synergistic inhibitory effect to reduce ACF formation. Although the combined effect
of HHC and 5-FU was similar to its progenitor, CUR, its greater bioavailability in
colon cancer makes it more suitable for further pharmaceutical development in
the prevention of colon cancer and its treatment.

Terminology

5-FU is a conventional cancer chemotherapeutic drug used to treat human
colorectal cancer. Its toxicity to normal cells and long-term exposure to this drug
shows higher resistance in cancer cells to treatment. CUR is the major yellow
pigment in turmeric which is obtained from the rhizome of Curcuma longa L.
HHC is one of the natural metabolites of CUR.

Peer review

This study examines the effects of HHC, a relatively low toxic CUR metabolite,
on colonic ACF formation in a rat model induced by DMH to produce colorectal
cancer. The authors suggest that HHC has similar effects to CUR and reduced
ACF numbers by increasing apoptosis, inhibiting COX-2 protein expression but

6958

December 21, 2012|Volume 18|Issue 47|

Srimuangwong K et al . Hexahydrocurcumin and colon cancer
no expression of COX-1. This is an interesting study that extends previous in
vitro studies and suggests that HHC effectively reduced preneoplastic changes
in an in vivo model of colorectal cancer.
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Endoscopic findings in patients with Schatzki rings:
Evidence for an association with eosinophilic esophagitis
Michaela Müller, Alexander J Eckardt, Annette Fisseler-Eckhoff, Susanne Haas, Ines Gockel, Till Wehrmann
geal eosinophilia. Gastroesophageal reflux disease was
excluded by proton pump inhibitor treatment prior to
endoscopy. The presence of ≥ 20 eosinophils/hpf in
esophageal biopsies in patients that did not fulfil the
criteria of EoE was defined as esophageal hypereosinophilia.
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RESULTS: A SR was diagnosed in 171 (3.3%; 128
males, 43 females, mean age 66 ± 12.9 years) of the
5163 patients that underwent upper gastrointestinalendoscopy. Twenty of the 116 patients (17%) from
whom esophageal biopsies were obtained showed
histological hypereosinophilia (≥ 20 eosinophils/hpf).
Nine of these patients (8 males, 1 female, mean age 49
± 10 years) did not fulfill all diagnostic criteria of EoE,
whereas in 11 (9%) patients with ≥ 20 eosinophils/hpf,
a definite diagnosis of EoE was made. Three of the 11
patients (27%) with definite EoE had no suspicious endoscopic features of EoE. In contrast, in the 25 patients
in whom EoE was suspected by endoscopic features,
EoE was only confirmed in 7 (28%) patients. Patients
with EoE were younger (mean age 41.5 ± 6.5 vs 50.5
± 11.5 years, P = 0.012), were more likely to have
a history of allergies (73% vs 29%, P = 0.007) and
complained more often of dysphagia (91% vs 34%, P
= 0.004) and food impaction (36% vs 6%, P = 0.007)
than patients without EoE. Endoscopically, additional
webs were found significantly more often in patients
with EoE than in patients without EoE (36% vs 11%,
P = 0.04). Furthermore, the SR had a tendency to be
narrower in patients with EoE than in those without
EoE (36% vs 18%, P = 0.22). The percentage of males
(73% vs 72%, P = 1.0) and frequency of heartburn
(27% vs 27%, P = 1.0) were not significantly different
in both groups. The 9 patients with esophageal hypereosinophilia that did not fulfil the diagnostic criteria of
EoE were younger (mean age 49 ± 10 years vs 58 ±
6 years, P = 0.0008) and were more likely to have a
history of allergies (78% vs 24%, P = 0.003) than patients with < 20 eosinophils/hpf. Predictors of EoE were
younger age, presence of dysphagia or food impaction

Abstract
AIM: To investigate endoscopic findings in patients
with Schatzki rings (SRs) with a focus on evidence for
eosinophilic esophagitis (EoE).
METHODS: We consecutively approached all adult patients scheduled for elective outpatient upper endoscopy for a variety of indications at the German Diagnostic
Clinic, Wiesbaden, Germany between July 2007 and
July 2010. All patients with endoscopically diagnosed
SRs, defined as thin, symmetrical, mucosal structures
located at the esophagogastric junction, were prospectively registered. Additional endoscopic findings, clinical
information and histopathological findings with a focus
on esophageal eosinophilia (≥ 20 eosinophils/high
power field) were recorded. The criteria for active EoE
were defined as: (1) eosinophilic tissue infiltration ≥
20 eosinophils/hpf; (2) symptoms of esophageal dysfunction; and (3) exclusion of other causes of esopha-
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allergies, additional endoscopic findings and esophageal
biopsy results were recorded.
After Institutional Review Board (IRB) approval was
obtained (approved by the Gesellschaft zur Förderung
der Forschung an der Deutschen Klinik für Diagnostik;
GFF Approval No. IRB-2012-I), medical records were
reviewed to assess symptoms, medical history, medications and endoscopic findings of all patients with SRs in
whom esophageal biopsies were obtained to determine
the prevalence of EoE. Patients with concomitant eosinophilic infiltration in the stomach or duodenum and
patients with known Barrett’s esophagus were excluded.

and a history of allergies.
CONCLUSION: A significant proportion of patients
with SRs also have EoE, which may not always be suspected according to other endoscopic features.
© 2012 Baishideng. All rights reserved.

Key words: Schatzki ring; Dysphagia; Esophageal eosinophilia; Eosinophilic esophagitis; Food impaction
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Endoscopy
Endoscopic findings for patients consenting to participate in the study were prospectively recorded in an electronic database (Clinic Win Data, E+L GmbH, Erlangen,
Germany). All endoscopies were performed by senior
gastroenterologists with a GIF 160 or GIF 180 Olympus
upper endoscope (Olympus Corp., Hamburg, Germany)
with an outer diameter of 9.5 mm. The internal diameter
of the SR was estimated during endoscopy. A narrow
ring was defined as being difficult to pass through with
the endoscope and a wide ring was easy to pass through
with the endoscope. A sliding hiatal hernia was diagnosed
when gastric mucosa folds extended for more than 1.5
cm above the diaphragm[13].
Erosive esophagitis was classified according to the
criteria of the Los Angeles classification system[14,15]. An
esophageal web was defined as an eccentric, mucosal narrowing proximal to the esophagogastric junction having a
maximum thickness of 1.5 mm[16]. The diagnosis of a diverticulum was based on the presence of a pouch in the
esophagus (Zenker’s diverticulum: pouch in the pharyngoesophageal area; midesophageal diverticulum: pouch in
the mid esophagus; epiphrenic diverticulum: pouch just
proximal to the diaphragm)[16]. EoE was assumed with
the presence of linear furrows, whitish exudates, trachealization or a small calibre esophagus[17].
Following the standard procedure in our department,
all patients in whom no otherwise obvious cause of their
symptoms could be detected (e.g., reflux esophagitis, malignant or peptic strictures) and who had no recent exposure to anticoagulants had esophageal biopsies. This was
done using a standard biopsy protocol, which included 2
duodenal biopsies, 2 gastric biopsies and a total of 4 esophageal biopsies (2 distal within 5-8 cm proximal to the
esophagogastric junction, and 2 mid > 10 cm proximal
the esophagogastric junction).

Müller M, Eckardt AJ, Fisseler-Eckhoff A, Haas S, Gockel I,
Wehrmann T. Endoscopic findings in patients with Schatzki
rings: Evidence for an association with eosinophilic esophagitis.
World J Gastroenterol 2012; 18(47): 6960-6966 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v18/i47/6960.htm
DOI: http://dx.doi.org/10.3748/wjg.v18.i47.6960

INTRODUCTION
The prevalence of a lower esophageal Schatzki ring (SR)
ranges from 4%-15%, depending on the diagnostic method and population investigated. In the majority of cases,
it does not cause any symptoms, however, it is also one
of the most common causes of intermittent dysphagia
and food impaction[1-3]. The etiology and pathogenesis
still remain unclear. Gastroesophageal reflux disease has
been suggested as an etiological factor[4]. However, prospective studies have documented an association with
gastroesophageal reflux disease (GERD) in less than twothirds of patients[5,6]. Therefore, additional pathogenetic
factors should be considered.
More recently, an association of SRs with eosinophilic
esophagitis (EoE) has been reported[7,8], although the
causal relationship between the two entities is under discussion[9-11].
The aim of this study was to obtain additional endoscopic findings and assess the prevalence of EoE in
patients with SRs.

MATERIALS AND METHODS
Patients
We consecutively approached all adult patients scheduled
for elective outpatient upper endoscopy for a variety of
indications at the German Diagnostic Clinic, Wiesbaden
between July 2007 and July 2010. We recruited all patients
in which we could endoscopically identify a lower esophageal SR. A SR was defined as a thin, symmetric, mucosal
structure located at the esophagogastric junction (Figure
1A)[12]. Data including sex, medical history, medications,

WJG|www.wjgnet.com

Histopathological assessment
Biopsy specimens were submitted for routine processing and pathology evaluation with a request to evaluate
for EoE. All histopathological analyses were performed
by senior pathologists. The peak count of intraepithelial
eosinophils/high power field (× 400 magnifications on
the Optiphot-2 microscope, ocular × 10 with Plan × 40
objective; Nikon, Japan) was determined in the area of
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A

Table 1 Demographic and clinical characteristics of all
enrolled patients with Schatzki rings n (%)
Schatzki ring (n = 116)

Variables
Age, yr (mean ± SD)
Gender (M/F)
History of allergy
Dysphagia
History of food impaction
Heartburn
No symptoms of esophageal dysfunction

55.2 ± 4.9
84/32
34 (29)
47 (41)
9 (8)
31 (27)
31 (27)

M/F: Male/female.

B

biopsies in patients that did not fulfil the criteria of EoE
was defined as esophageal hypereosinophilia.
Statistical analysis
Numeric variables are described as the mean ± SD and
the number of observations (n). Categorical variables are
described using frequencies (n) and percentages (%). In
order to assess whether group differences were compatible with pure chance, we performed exploratory tests.
Therefore, all reported P-values are descriptive. Association of age with categorical variables was assessed by the
two-sample Wilcoxon test. Association of categorical
variables was tested using Fisher’s exact test. All statistical
analyses were performed using SPSS 15.0 for Windows
(SPSS Inc, Chicago, IL, United States).

Figure 1 Endoscopic image and histological image of eosinophilic esophagitis. A: Endoscopic image showing a lower esophageal Schatzki ring and
linear furrowing of the esophageal mucosa, an endoscopic feature associated
with eosinophilic esophagitis; B: Histological image of an esophageal biopsy,
showing eosinophilic esophagitis with numerous intraepithelial eosinophils (>
50 eosinophils/high power field, hematoxylin and eosin, × 400).

RESULTS
During the study period, a total of 5163 patients underwent upper gastrointestinal-endoscopy in our department. A SR was diagnosed in 171 (3.3%) patients (128
males, 43 females, mean age 66 ± 12.9 years). Reflux
esophagitis was present in 45 patients (who were then
excluded from the analysis) and an additional 10 patients
were excluded because of the presence of peptic stenosis (n = 1), Barrett´s esophagus (n = 6), and esophageal
malignancy (n = 1). Two patients were on anticoagulation
therapy and therefore a biopsy specimen was not taken.
The clinical and demographic characteristics of the
116 patients enrolled are shown in Table 1.
The endoscopically estimated diameter of the lower
esophageal ring was wide in 93 (80%) and narrow in 13
(11%) patients. The most frequent additional endoscopic
finding was a sliding hiatal hernia in 95 (82%) patients.
Sixteen (14%) of 116 patients showed esophageal webs
and 3 (3%) patients had esophageal diverticula. One
of the 3 patients with esophageal diverticula showed a
Zenker’s diverticulum and, in 2 patients, midesophageal
diverticula were diagnosed. EoE was assumed in 25 (21%)
patients because of the presence of specific endoscopic
features.
In 20 (17%; 16 males, 4 females, mean age 39 ± 6
years) of the 116 patients, hypereosinophilia (≥ 20 eosinophils/hpf) could be shown in the esophageal biopsies. The results of the histopathological analysis of these

highest density of eosinophils using the most densely
populated hpf. Histological suspicion of EoE was the
presence of 20 or more eosinophils/hpf[10,17]. In biopsy
specimens with ≥ 20 eosinophils/hpf, a thorough histopathological review was performed by a second senior
pathologist according to further histological features associated with EoE, including a particular affiliation of
eosinophils to aggregate in the surface layers of the epithelium, the presence of microabscesses (defined by ≥
4 eosinophils/cluster), findings of epithelial hyperplasia
(basal-zone expansion of 30% and papillary height elongation of > 70%) and lamina propria fibrosis[18,19](Figure
1B).
Definition of EoE
Criteria of active EoE were defined as: (1) eosinophilic
tissue infiltration ≥ 20 eosinophils/hpf; this cut-off was
chosen as the study was designed prior to the publication of the AGA guidelines[17]; (2) symptoms of esophageal dysfunction (dysphagia, food impaction and PPIresistant heartburn); and (3) exclusion of other causes of
esophageal eosinophilia. Gastroesophageal reflux disease
(GERD) was excluded by proton pump inhibitor treatment prior to endoscopy.
The presence of ≥ 20 eosinophils/hpf in esophageal
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Table 3 Baseline characteristics

Patient Age Gender Met the clinical Eosinophils/ Further histological
ID
(yr)
criteria of EoE
hpf
findings suspicious
of EoE

Patient Age Gender Dysphagia
ID
(yr)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

1
2
3
4

35
57
37
34

M
M
M
M

+
+
+
-

+
+

+
+
+

5
6

31
43

F
M

+
+

+
-

+
-

7
8
9
10
11

44
43
48
23
35

M
F
M
F
M

+
+
+
+
+

+

+
+
+
+
-

35
57
37
34
31
43
44
43
48
23
35
60
44
46
47
39
29
35
39
39

M
M
M
M
F
M
M
F
M
F
M
M
M
M
M
M
M
M
M
F

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No
No

25
25
40
60
20
50
45
45
55
35
60
20
20
25
60
45
45
60
25
30

H
S
H
M1, S, H
None
H
S, H
S, H, F
S, H, F
H
H
S, H
H
S, H, F
H
H
H
S, H
H
H

Furrows
None
Trachealization
Furrows,
trachealization
Furrows
Whitish
exudates
None
None
Furrows
Furrows
Furrows

Baseline characteristics of the 11 patients with a Schatzki ring and
eosinophilic esophagitis (EoE). M: Male; F: Female.

Table 4 Demographics, clinical and endoscopic findings

n (%)

Histopathological features of the 20 patients with a SR and hypereosinophilia (≥ 20 eosinophils/hpf) in the biopsy specimen of the esophagus. M:
Male; F: Female; EoE: Eosinophilic esophagitis; F: Fibrosis of lamina propria; H: Epithelial hyperplasia; M1: Microabscess; S: Superficial layering of
eosinophils; hpf: High power field.

Variable
Age (yr, mean ± SD)
Gender (M/F)
History of allergy
Dysphagia
History of food impaction
Heartburn
Ring narrow
Webs

specimens are shown in Table 2. Biopsy specimens of
the stomach and duodenum of these patients showed no
evidence of eosinophilic gastroenteritis, Crohn’s disease
or infection.
Eleven of these 20 patients met the diagnostic criteria
of EoE. Table 3 shows the baseline characteristics of
the 11 patients with SRs and EoE. From the 25 patients
in whom EoE was assumed because of the endoscopic
features, EoE was confirmed in 7 (28%) patients. Three
of the 11 patients (27%) with defined EoE had no suspicious endoscopic features of EoE.
When compared with the remainder of the 116 patients, the 11 patients with documented EoE were of
younger age, more often showed an allergic predisposition, and complained to a larger degree of dysphagia and
food impaction (Table 4). Whereas no gender difference
(27% vs 28% females, P = 1.0) was demonstrated between both groups, EoE was diagnosed in 50% of the
patients < 45 years of age vs 3% in patients 45 years or
older (relative risk 10).
Endoscopically, additional webs were found significantly more often in patients with EoE than in patients
without EoE (36% vs 11%, P = 0.04). Furthermore patients with EoE had a tendency to have narrower SR than
patients without EoE (36% vs 18%, P = 0.22). Nine patients (8 males, 1 female, mean age 49 ± 10 years) showed
≥ 20 eosinophils/hpf in the histological examination,
but did not fulfil the diagnostic criteria of EoE because
gastroesophageal reflux disease could not be excluded
prior to the esophageal biopsy sampling (6 patients) or
the patients had no symptoms of esophageal dysfunc-
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Endoscopic
History History
findings
of
of food
impaction allergy suspicious of EoE

SR with EoE
(n = 11)

SR without EoE
(n = 105)

41.5 ± 6.5
8/3
8 (72.7)
10 (90.9)
4 (36.4)
3 (27.3)
4 (36.4)
4 (36.4)

50.5 ± 11.5
76/29
24 (29)
36 (34.3)
6 (5.7)
28 (26.7)
19 (18.1)
12 (11.4)

P value
0.012
1.0
0.007
0.004
0.007
1.0
0.22
0.044

Demographics and clinical and endoscopic findings for patients with a
Schatzki ring (SR) with and without eosinophilic esophagitis (EoE). M:
Male; F: Female.

tion (3 patients had abdominal pain). Four (44%) of the
9 patients with esophageal hypereosinophilia complained
of dysphagia and one of the 4 also had heartburn. One
(11%) of the 9 patients had a history of food impaction
and another (11%) had heartburn. The endoscopically estimated diameter of the lower esophageal ring was wide
in 5 (56%) and narrow in 4 (44%) patients and 3 (33%)
patients exhibited additional esophageal webs. EoE was
assumed in 4 (44%) of those patients because of the endoscopic features.
Patients with esophageal hypereosinophilia were
younger (mean age 49 ± 10 years vs 58 ± 6 years, P =
0.0008), were more likely to have a history of allergies
(78% vs 24%, P = 0.003) and were more frequently found
to have additional webs (33% vs 9%, P = 0.009) and more
narrow SRs (44% vs 16%, P = 0.05) than patients with <
20 eosinophils/hpf. Furthermore, patients with esophageal hypereosinophilia had a tendency to complain less
often of heartburn (11% vs 27%, P = 0.23). The number
of males (89% vs 71%, P = 0.4), frequency of dysphagia
(44% vs 33%, P = 0.5) and rate of food impaction (11%
vs 5%, P = 0.4) were not significantly different in both
groups.
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Three of the 6 patients in whom GERD could not
be excluded prior to biopsy sampling had relief of their
symptoms after proton pump inhibitor treatment in standard doses for 4 wk following the endoscopy.

between SRs and EoE in children was first described by
Nurko et al[7]. In a further prospective study that evaluated
the etiology of esophageal bolus obstruction in adults,
SRs were diagnosed in 9 of 37 patients, five (55.5%) of
whom also exhibited EoE[9]. In contrast, such an association was not found in the investigation of Sgouros et al[9].
These discrepancies were explained by differences in life
style and the age distribution of the populations under
investigation[10]. Especially the latter argument could be
supported by the results of Mackenzie et al[8]. Although
it remains under debate whether the association between SRs and EoE is merely a coincidental finding of
two common diseases or whether they share a common
pathophysiology, in our opinion these data support the
latter.
In the last decade, EoE has been increasingly recognized as a cause of dysphagia and food impaction. It is
a chronic, immune/allergen mediated clinic-pathological
disease of the esophagus characterized by dense eosinophilic inflammation[8]. The prevalence of EoE in an asymptomatic European population has been described as
0.4% and as 6.5% in a US population undergoing upper
endoscopy for a variety of indications[26,27].
However, similar to the SR, the etiology of EoE is
not completely understood and the connection between
GERD and SRs, as well as the connection between
GERD and EoE is still under debate[22,28]. Nevertheless,
it is important to be aware of this association because
biopsies should be taken from the esophagus in patients
with symptoms of esophageal dysfunction despite the
presence of a SR. This may be obvious in cases that present with endoscopic features suspicious of EoE, such as
linear furrows, trachealization, white plaques or a narrow
caliber esophagus[18,29], but EoE may be present even in
the absence of such features. Similar to other studies[30,31],
the current investigation demonstrated that one-third of
the patients do not present endoscopic features suspicious of EoE. Thus, the presence of EoE would have
been missed in those patients if no biopsies had been obtained. We therefore suggest that routine biopsies should
be taken from the esophagus in all symptomatic patients
even in the presence of a SR, because EoE might be additionally present, even in the absence of other suggestive endoscopic features.
On the other hand, among the 25 patients that had
endoscopic features suggestive of EoE, the diagnosis was
confirmed by means of biopsy in only 28%. Therefore,
endoscopic findings might not be reliable for supporting
a diagnosis of EoE.
In the present study, the patients with SRs and EoE
presented with symptoms of dysphagia, food impactions, and heartburn, all of which have been described
as leading symptoms in both clinical entities[3,18,32]. Similar
to previous observations of EoE, patients with SRs and
EoE were younger and had a history of allergies more
often than patients with SRs alone[18,29,30]. However, EoE
was diagnosed in patients with SRs older than 50 years, in
whom EoE was of unclear significance. It could be spec-

DISCUSSION
In this study, the prevalence of a lower esophageal SR
was 3.3%, which is in the lower range of that reported
in the literature[20]. SRs are seen in up to 14% of routine
barium radiographs[2], however, similar to the presented
data, symptomatic rings are less common and endoscopic
examinations seem to be less accurate in diagnosing a
ring[21,22]. This might be because endoscopic visualization
of mucosal rings depends on proper distension of the
esophagogastric region beyond the caliber of the ring,
which is often not accomplished. This is especially true
for the detection of wider rings[23].
SRs are frequently associated with erosive reflux
esophagitis. Histologically, this might be reflected by increased tissue eosinophilia[24]. Therefore, those patients
were excluded from further analysis. In 17.1% of the
patients in whom esophageal biopsies were obtained, an
esophageal hypereosinophilia with ≥ 20 eosinophils/hpf
was demonstrated. However, there also was significant
overlap with EoE in more than half of those patients.
As was demonstrated in a previous study with a
different cohort of patients, a SR is frequently associated with other esophageal disorders[25]. In the current
investigation, erosive esophagitis was found in a quarter
of the patients. Because of the frequent association, gastroesophageal reflux has been discussed by some authors
as the main etiological factor for the development of a
SR ring[4,25], while others have pointed out that GERD is
only present in less than two-thirds of these patients and,
therefore, might not be the only cause for the development of the ring[5,6]. However, inflammation, as a main
pathogenic factor in the development of a SR, might be
supported by the fact that, in the present study, esophageal hypereosinophilia with ≥ 20 eosinophils/hpf was a
common finding in patients in whom esophageal biopsies
were obtained, but only half of them met the diagnostic
criteria for EoE according to the AGA guidelines[17].
In 6 of the 9 patients with esophageal hypereosinophilia, gastroesophageal reflux disease could not be
excluded prior to the esophageal biopsy sampling and 3
patients complained of abdominal pain instead of symptoms of esophageal dysfunction. Because of this, they
could not be diagnosed with EoE. Although some of
these patients might have GERD, it is possible that some
of these patients had early EoE. Particularly with regard
to the fact that in 3 patients with an esophageal hypereosinophilia there was a surface layering of eosinophils,
and in one a lamina propria fibrosis could be demonstrated, the findings were more typical of EoE than
GERD[19]. Therefore, it could be assumed that the prevalence of EoE might actually be higher than 9% in the
presenting group of patients with SRs. The association
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Applications

ulated that these patients had a late onset of the disease
or that it represents a late diagnosis of a long-standing
disease. The latter explanation might be more reasonable,
due to the fact that EoE in adults is chronic and often
indolent, especially when patients adapt their chewing
habits over time[33].
In contrast to other studies of EoE[29,34], there was no
gender preference in cases with SR and EoE, in comparison to those with SRs alone. This observation, however,
might be due to a male preponderance for patients with
SRs in the current investigation.
Endoscopically, patients with EoE had a tendency
to have narrower rings than patients without EoE. Additional webs could be found significantly more often
in patients with EoE than in patients without EoE. Although, 5%-15% of patients presenting with dysphagia
are found to have esophageal webs[16], the etiology is
often unknown. At least one study also showed a possible association with EoE[35], which was not confirmed
by others[28,36]. However, in our opinion, narrow SRs and
esophageal webs should raise the suspicion of EoE.
This study has its limitation in that 24 h esophageal
pH monitoring was not available; therefore, we cannot
exclude the possibility that some of the patients with
esophageal hypereosinophilia might have had GERD instead of EoE. We attempted to overcome this limitation
by administering PPI before the endoscopy.
In summary, the current data strongly suggest that
the association of SRs and EoE in adults is not a chance
finding but is a rather frequent coincidence that should
be considered whenever one is confronted with a patient
exhibiting a SR. Endoscopic findings might not be reliable for supporting a diagnosis of EoE. Therefore, it appears advisable to obtain esophageal biopsies, not only in
the presence of typical endoscopic features of EoE, but
also whenever a SR is detected in symptomatic patients,
especially when a ring is narrow or patients are younger
and have a history of allergies.

The study results suggest that esophageal biopsies should be obtained, not
only in the presence of typical endoscopic signs for EoE, but also whenever a
SR is detected in symptomatic patients, especially if the ring is narrow and if
the patient is younger and has a history of allergies.

Peer review

This paper enrolled one hundred seventy-one patients with endoscopically
diagnosed SRs who were prospectively registered and followed. EoE was diagnosed in 9% of the patients with SRs, some of whom did not present with typical endoscopic features of EoE. Therefore esophageal biopsies are warranted
in patients presenting with SRs, not only in the presence of endoscopic findings
suggestive of EoE, but also whenever a SR is detected.
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Sex-dimorphic adverse drug reactions to immune
suppressive agents in inflammatory bowel disease
Zuzana Zelinkova, Evelien Bultman, Lauran Vogelaar, Cheima Bouziane, Ernst J Kuipers,
C Janneke van der Woude
available in the electronic medical record and patients
with only one registered contact and no further followup at the outpatient clinic were excluded. The difference in the incidence and type of ADR between male
and female IBD patients were analyzed statistically by
χ 2 test.
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RESULTS: In total, 1009 IBD patients were identified
in the electronic diagnosis registration system. Out of
these 1009 patients, 843 patients were eligible for further analysis. There were 386 males (46%), mean age
42 years (range: 16-87 years) with a mean duration of
the disease of 14 years (range: 0-54 years); 578 patients with Crohn’s disease, 244 with ulcerative colitis
and 21 with unclassified colitis. Seventy percent (586
pts) of patients used any kind of immune suppressive
agents at a certain point of the disease course, the
majority of the patients (546 pts, 65%) used thiopurines, 176 pts (21%) methotrexate, 46 pts (5%) cyclosporine and one patient tacrolimus. One third (240
pts, 28%) of patients were treated with anti-TNF, the
majority of patients (227 pts, 27%) used IFX, 99 (12%)
used ADA and five patients certolizumab. There were
no differences between male and female patients in
the use of immune suppressive agents. With regards
to ADR, no differences between males and females
were observed in the incidence of ADR to thiopurines,
methotrexate and cyclosporine. Among 77 pts who
developed ADR to one or more anti-TNF agents, significantly more females (54 pts, 39% of all anti-TNF
treated women) than males (23 pts, 23% of all antiTNF treated men) experienced ADR to an anti-TNF
agent [P = 0.011; odds ratio (OR) 2.2, 95%CI 1.2-3.8].
The most frequent ADR to both anti-TNF agents, IFX
and ADA, were allergic reactions (15% of all IFX users
and 7% of all patients treated with ADA) and for both
agents a significantly higher rate of allergic reactions
in females compared with males was observed. As a
result of ADR, 36 patients (15% of all patients using
anti-TNF) stopped the treatment, with significantly

Abstract
AIM: To analyze sex differences in adverse drug reactions (ADR) to the immune suppressive medication in
inflammatory bowel disease (IBD) patients.
METHODS: All IBD patients attending the IBD outpatient clinic of a referral hospital were identified through
the electronic diagnosis registration system. The electronic medical records of IBD patients were reviewed
and the files of those patients who have used immune
suppressive therapy for IBD, i.e., thiopurines, methotrexate, cyclosporine, tacrolimus and anti-tumor necrosis factor agents (anti-TNF); infliximab (IFX), adalimumab (ADA) and/or certolizumab, were further analyzed.
The reported ADR to immune suppressive drugs were
noted. The general definition of ADR used in clinical
practice comprised the occurrence of the ADR in the
temporal relationship with its disappearance upon discontinuation of the medication. Patients for whom the
required information on drug use and ADR was not
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risk of discontinuation of anti-TNF agents[9].
The sexual dimorphism of the immune responses is
a generally accepted concept that has been studied predominantly in the context of the female predominance
in autoimmune disorders[10] with the most important
factor determining this dimorphism being the immunomodulatory properties of sex hormones. Considering
these differences between the two sexes in basic immune
reactions, further modulation of immune response by the
immunosuppressive medication might have sex-specific
consequences, including the quantitative and qualitative
differences in ADR to these agents.
The limitations resulting from ADR for further therapeutic strategy in patients with chronic inflammatory
conditions such as IBD are important. The ADR occurring in up to 20% of IBD patients using immune suppressive and anti-TNF agents[11,12] represent an important
factor leading to the modulation or discontinuation of
effective treatment. The thorough understanding of the
underlying mechanism of ADR to these drugs, including the sex-related differences would help optimizing the
therapy in these patients.
Therefore, in the present study we aimed to specifically determine the difference between male and female
IBD patients in the occurrence and type of ADR to
commonly used immunosuppressive agents, including
‘classical’ immune suppressive medication, i.e., thiopurines and methotrexate, as well as anti-TNF agents.

higher stopping rate among females (27 females, 19%
vs 9 males, 9%, P = 0.024).
CONCLUSION: Treatment with anti-TNF antibodies is
accompanied by sexual dimorphic profile of ADR with
female patients being more at risk for allergic reactions
and subsequent discontinuation of the treatment.
© 2012 Baishideng. All rights reserved.

Key words: Adverse drug reactions; Sexual dimorphism;
Infliximab; Adalimumab; Inflammatory bowel disease
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INTRODUCTION

MATERIALS AND METHODS

The existence of a sex dimorphic profile of adverse drug
reactions (ADR) has been increasingly recognized in recent years. Several studies on various therapeutics pointed
to differences between sexes in the incidence as well as
character of ADR. In general, females seem to be more
at risk for ADR to various medication, 70% of drug users
with ADR in a large cohort of 2367 patients being women[1]. In addition to this generally increased risk of ADR,
female patients also differ from males in terms of types
of ADR to a range of medication such as antiarrhythmics,
antipsychotics, anti-retroviral drugs, and analgesics[2,3].
A limited number of small size studies performed in
the field of auto-immune diseases and transplant medicine suggested existence of a sexual dimorphic profile
of ADR to immunosuppressive medication, but this has
not been studied in depth. Male sex has been reported
as a risk factor for nodular regenerative hyperplasia in
inflammatory bowel disease (IBD) patients treated with
azathioprine[4]. In rheumatoid arthritis patients’ population, males have been shown to be more at risk than
females for methotrexate-associated interstitial pneumonia[5] and to bacterial pneumonia complicating treatment
with infliximab (IFX)[6]. For females, a higher incidence
of azathioprine-related alopecia has been reported in
transplant recipients [7]. In a pediatric population of
Crohn’s disease (CD) patients, female sex was one of the
risk factors for infusion reactions to anti-tumor necrosis
factor (anti-TNF) treatment[8] and in an adult population
of ankylosing spondylitis patients, females were more at

WJG|www.wjgnet.com

Patients
All IBD patients attending the outpatient clinic of the
Department of Gastroenterology and Hepatology of the
Erasmus MC as of January 2009 were identified through
the electronic diagnosis registration system. The medical records were reviewed with emphasis on details of
drug treatment. Reported ADR to immune suppressive
medication used for IBD were noted. Patients for whom
the required information on drug use and ADR was not
available in the electronic medical record and patients
with only one registered contact and no further follow-up
at the outpatient clinic were excluded.
Definition of ADR
All ADRs designated as such by the treating physician in
the medical record were registered. The general definition
of ADR used in clinical practice comprised the occurrence of the ADR in the temporal relationship with its
disappearance upon discontinuation of the medication.
In case of doubt about other concomitant factors contributing to the ADR a positive re-challenge was considered to be necessary for the event to be definitely categorized as ADR.
The ADR to immunosuppressive agents were divided into the following categories according to the type
of symptom/event: gastro-intestinal, arthralgia and/or
myalgia, cutaneous, infectious, malignancy, myelosuppresion, hepatotoxicity, or pancreatitis. In case of anti-TNF
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cable for adalimumab-ADA) were defined as pain or local
skin reaction after injection.
Non-specific ADR which could not be categorized
according to these criteria were analyzed together and are
further referred as others.

Table 1 Demographic characteristics and the use of
medication (n = 843)
1

Males n (%)
Males/females (%males)
Age (mean, range), yr
Duration of the disease
(mean, range)
CD/UC/unclassified
Immunosuppressive
agents
Thiopurines
Methotrexate
Cyclosporine
Tacrolimus
Anti-TNF
Infliximab
Adalimumab
Certolizumab

386 (46)
43 (16-87)
14 (0-48)
233 (40)/141 (58)
/12 (57)
265 (45)
247 (45)
73 (42)
26 (57)
0
101 (42)
93 (41)
39 (41)
1 (20)

1

Females

457
42 (18-87)
14 (0-54)

P value2
0.138
0.168

Demographic characteristics and the use of medication
In total, 1009 IBD patients were identified in the electronic diagnosis registration system. Out of these 1009
patients, 843 patients were eligible for analysis according
to the exclusion criteria stated in the methods part. There
were 386 males (46%), mean age 42 years (range: 16-87
years) with a mean duration of the disease of 14 years
(range: 0-54 years); 578 patients with CD, 244 with ulcerative colitis and 21 with unclassified colitis. There were
no differences between male and female patients with
regard to age and disease duration; significantly more
males suffered from ulcerative colitis (141 pts, 58% of all
ulcerative colitis patients).
Seventy percent (586 pts) of patients used any kind
of immunosuppressive agents during the disease course,
the majority of the patients (546 pts, 65%) used thiopurines, 176 pts (21%) methotrexate, 46 pts (5%) cyclosporine and one patient tacrolimus. No differences between
male and female patients were observed with regard to
the frequency of use of immunosuppressive agents in
general or of particular agent.
One third (240 pts, 28%) of patients were treated
with anti-TNF, the majority of patients (227 pts, 27%)
used IFX, 99 (12%) ADA and five patients certolizumab.
There were no sex-related differences in the use of antiTNF agents (Table 1).

345/103/9 < 0.0001
321

0.652

299
103
20
1
139
134
60
4

0.665
0.203
0.170
0.193
0.102
0.328
0.401

1

For each categorical variable number and percentage of males within the
group is displayed; 2P values for test of the sex-related differences; two2
sided χ test for categorical variables and t-test for continuous variables.
Anti-TNF: Anti-tumor necrosis factor agents; CD: Crohn’s disease; UC:
Ulcerative colitis.

agents, additional categories of allergic reactions, lupuslike syndrome, and injection-site reactions were used.
Gastro-intestinal ADR comprised abdominal pain
recognized by the patient as different from the IBD-related pain, diarrhea, nausea, and vomiting. Cutaneous ADR
were defined as any kind of reported skin abnormality
that occurred in temporal relationship with the treatment
and resolved after cessation of the medication. Remittent
or opportunistic infections occurring during the immunosuppressive treatment were noted as infectious ADR.
For malignancies, any malignancy that was revealed during the use of the treatment was categorized as ADR.
Myelosuppression was defined as leucopenia (leucocytes count < 4.0 × 109/L), and/or anemia (hemoglobin
level < 8.5 mmol/L for males and < 7.5 mmol/L for females) and/or thrombocytopenia (thrombocytes count <
1.5 × 1011/L). To categorize abnormal liver tests as hepatotoxic ADR, the increase of liver tests above 2 times upper normal value and absence of other causes, i.e., viral
or autoimmune were required. Drug-induced pancreatitis
was defined as a new abdominal pain and hyperamylasemia occurring during the treatment.
Any of the following symptoms occurring during
or within one day after infusion alone or in combination were considered as allergic reactions: skin reactions,
dyspnoea, chest pain, low blood pressure, angioedema,
fever and/or chills. Dyspnoea, skin abnormalities and
arthralgia/myalgia occurring later than two days after
infusion were categorized separately as potential delayed
allergic reactions. Any motoric or sensoric loss, paresthesia and/or seizures were categorized as neurological
ADR. Lupus-like syndrome diagnosis was characterized
as the combination of arthritis and/or flu-like symptoms
or fever and presence of anti-nuclear and or anti-double
strand DNA antibodies. Injection site reactions (appli-
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Statistical analysis
The sex-related differences in categorical variable were
analyzed statistically using two-sided χ 2 testing, for continuous variables a two-sided independent t-test was used.
P-values < 0.05 were considered significant. The analysis
was performed using SPSS PASW 17 software.

RESULTS
ADR to immune suppressive agents
In total 278 patients experienced ADR to immunosuppressive agents; of which 155 patients to thiopurines
(28% of all thiopurine-treated patients), 44 to methotrexate (25%), 2 (4%) to cyclosporine, and 77 pts (32%)
developed ADR to one or more anti-TNF agents. As the
age may represent an important factor influencing the
development of ADR, a subanalysis was performed to
compare the mean age between the groups of patients
with and without ADR to immune suppressive agents
and to anti-TNF agents. The mean age between the patients with and without ADR did not differ neither in the
groups with ADR to immune suppressive agents (mean
± SEM, 41 ± 1 years in the group with ADR vs 40 ± 0.7
years in the group without ADR; P = 0.76) nor in the
group with ADR to anti-TNF (mean ± SEM, 37 ± 1.5
years in the group with ADR vs 40 ± 1 year in the group
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A

B

P = 0.0871
100
90

27%

90

34%
% of patients with and
without side-effects

% of patients with and
without side-effects

60
50
73%

66%

30

40

74%

69%

73%

77%

30

10
0

Males (n = 265)
Females (n = 321)
Immune suppression in general

C

Males
Females
(n = 247) (n = 299)
Thiopurines

D

P = 0.0111
100

P = 0.0091

Males
Females
(n = 73) (n = 103)
Methotrexate

P = 0.2161

100
23%

90

39%

22%

38%

15%

28%

78%

62%

85%

72%

80
% of patients with and
without side-effects

80
% of patients with and
without side-effects

23%

50

10

70
60
50
77%

61%

30

70
60
50
40
30

20

20

10

10

0

27%

60

20

40

31%

70

20

90

26%

80

70

0

P = 0.5971

100

80

40

P = 0.1831

0

Males (n = 101)
Females (n = 139)
Anti-TNF agents in general

Males
Females
(n = 93) (n = 134)
Infliximab

Males
Females
(n = 39) (n = 57)
Adalimumab

Figure 1 Relative percentages of male and female patients experiencing adverse drug reactions to “classical” immune suppressive agents (thiopurines,
methotrexate, cyclosporine and tacrolimus) and anti-tumor necrosis factor agents. A: Adverse drug reactions (ADR) to immune suppressive agents in general; B:
ADR to respective immunosuppressive agents; C: ADR to anti-tumor necrosis factor agents (anti-TNF) in general; D: ADR to respective anti-TNF agents. 1Two-sided
2
χ test. Black bars: ADR present; Gray bars: No ADR.

without ADR to anti-TNF; P = 0.79).
Overall, there were no significant differences in the
frequencies of the ADR to immune suppressive agents
between males and females. In total, 27% of males (71
pts) experienced ADR to any kind of immune suppressive agent compared to 34% of females (108 pts; P =
0.087), (Figure 1A).
Among thiopurines users, 26% of males (63 pts) and
31% of females (92 pts) suffered from ADR to thiopurines (P = 0.183; Figure 1B). The most frequent ADR to
thiopurines were myelosuppression, hepatotoxicity (both
in 33 pts, 6%) and gastro-intestinal ADR (23 pts, 4%),
(Table 2). No differences between male and female patients were observed with regard to specific type of ADR
to thiopurines.
In the group of patients treated with methotrexate,
27% (20 pts) of males and 23% (24 pts) of females experienced ADR (P = 0.597; Figure 1B). The most frequent
ADR to methotrexate were hepatotoxicity and gastrointestinal ADR (both in 10 pts, 6%) (Table 2).
Out of 46 pts treated with cyclosporine, two female
WJG|www.wjgnet.com

patients experienced an ADR, one developed pseudomembraneus colitis following treatment but she was also
treated with systemic steroids. The second patient had a
cutaneous reaction to cyclosporine.
Among 77 pts who developed ADR to one or more
anti-TNF agents, significantly more females (54 pts, 39%
of all anti-TNF treated women) than males (23 pts, 23%
of all anti-TNF treated men) experienced ADR to an
anti-TNF agent [P = 0.011; odds ratio (OR) 2.2, 95%CI
1.2-3.8] (Figure 1C). In the subanalysis of respective antiTNF agents, significantly more females (51 pts, 38% of
all IFX-treated women) than males (20 pts, 22% of all
IFX-treated men) suffered from ADR to IFX (P = 0.009;
OR 2.2, 95%CI 1.2-4.1) (Figure 1D). Relatively more females than males experienced ADR to ADA (16 females;
28% vs 6 males; 15%), this difference was not significant
though (P = 0.216) Figure 1D.
The most frequent ADR to both IFX and ADA were
allergic reactions (15% of all IFX users and 7% of all
patients treated with ADA) and for both agents a significantly higher rate of allergic reactions in females com6970
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Table 2 Categories of adverse drug reactions to immunosuppressive agents in general and
stratified by sex n (%)
Thiopurines
Myelosuppression
Hepatotoxicity
Pancreatitis
Gastro-intestinal side-effects
Arthralgia and/or myalgia
Cutaneous side-effects
Infectious
Others3
Not specified4

Thiopurines

33 (6)
33 (6)
10 (2)
23 (4)
11 (2)
10 (2)
6 (1)
23 (4)
6 (1)

1,2

Methotrexate

12 (36)
19 (58)
2 (20)
8 (35)
5 (45)
4 (40)
3 (50)
7 (30)
3 (50)

1,2

Methotrexate

NA
10 (6)
NA
10 (6)
2 (1)
3 (2)
2 (1)
13 (7)
4 (2)

NA
6 (60)
NA
6 (60)
1 (50)
3 (100)
1 (50)
2 (15)
1 (25)

1

No significant difference observed between males and females for none of the ADRs as tested with two2
sided χ test2 Number and percentage of males in the group of patients with adverse drug reactions (ADR) to
thiopurines; 3Number of all the people treated with the medicine; 4Headache, paresthesia, hair loss, fatigue,
emotional instability, malaise; specific for methotrexate-injection site reaction. NA: Not available.

Table 3 Types of adverse drug reactions to respective anti-tumor necrosis factor agents in
general and stratified by sex n (%)
1

Allergic reaction
Cutaneous SE
Neurological SE
Dyspnoea
Arthralgia and/or myalgia
Injection site reactions4
Infectious SE
Malignancy
Lupus-like
Others5

2,3

Infliximab

Infliximab

33 (15)
9 (4)
4 (1.8)
4 (1.8)
11 (5)
NA
0
16 (0.4)
1 (0.4)
8 (3.5)

7 (21)
5 (56)
0
0
4 (45)
NA
0
16 (100)
0
2 (25)

1

P value2

Adalimumab Adalimumab

0.045
0.492
0.146
0.146
1.00

7 (7)
3 (3)
2 (2)
1 (1)
3 (3)
3 (3)
3 (3)
0
0
0

0.41
0.476

0
3 (100)
0
0
1 (33)
1 (33)
1 (33)
0
0
0

2,3

P value2
0.039
0.064
0.512
1.00
1.00
1.00
1.00

Number of all the people treated with the medicine; 2Two-sided χ test to compare the differences in the
frequencies of specific adverse drug reaction between males and females; 3Number of males; 4In case of
adalimumab; 5Abdominal pain, hair loss, fatigue, malaise, emotional instability; 6Testis carcinoma. NA: Not
available.
2

pared with males was observed (Table 3). There were no
other sex-specific ADR observed to anti-TNF agents.
Of 77 patients experiencing ADR to an anti-TNF
agent, 36 pts stopped the treatment (47%; overall discontinuation rate 15%), 27 pts (35%) switched to another
anti-TNF agent, and 14 pts (18%) continued the treatment. As a result of ADR, 27 females (19% of all antiTNF-treated women) stopped the treatment compared
with 9 males (9% of all anti-TNF-treated men; P = 0.024).
Furthermore, significantly higher proportion of females
(21 pts, 15% of all anti-TNF-treated women) switched
to another anti-TNF agents compared with males (6 pts,
6% of all anti-TNF-treated men; P = 0.026) significantly
more frequently than males.
In the subanalysis of the influence of disease type and
the use of immune suppression as a co-medication with
anti-TNF treatment, no differences were found between
the group of patients with ADR to anti-TNF compared
with patients without ADR. Overall, 138 patients (58%)
were on the combo therapy. Out of these 138 patients,
43 patients (31%) developed ADR to anti-TNF vs 34 patients (33%) with ADR from the group not using combo
therapy (P = 0.78).
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DISCUSSION
In this large retrospective study, we studied sex differences in the frequency and types of ADR to immune
suppressive medication in IBD patients. In contrast to
thiopurines and methotrexate with similar rates of ADR
in both sexes, we observed a sex dimorphic profile of
ADR to anti-TNF agents with higher frequency of ADR
among female IBD patients compared with male patients. With regard to particular types of ADRs, females
experienced more often allergic reactions to the most
frequently used anti-TNF agents, IFX and ADA. In addition, these ADR have led to discontinuation of treatment
more frequently in females than males, thus substantially
limiting the long term use of anti-TNF agents by female
patients.
The landmark randomized controlled trials on IFX
and ADA efficacy and safety did not reveal sex dimorphic profile of ADR to anti-TNF agents[13-17]. However,
the design of these studies with rather short follow-up
might underestimate the overall incidence of ADR and
immune-mediated ADR occurring at long term in particular. This would subsequently limit the sample size to
study specific risk factors for the development of ADR.
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Another source of information on ADR, the safety registry with inclusion of patients being at the physicians’
discretion are difficult to interpret with regard to sex differences in ADR incidence due to the possible selection
bias and also a rather short follow-up[18]. Interestingly, in
a large retrospective, real-life study on long-term safety
of IFX for the treatment of IBD, female sex was shown
to be an independent risk factor for the development of
hypersensitivity reactions and dermatological ADR to
IFX[12]. In addition, one small size study with pediatric
CD patients determined female sex as one of the risk
factors for infusion reactions[8]. Thus, our results, in line
with previous reports, suggest that female IBD patients
are at specific risk for hypersensitivity reactions to monoclonal anti-TNF antibodies.
For each drug group with sex dimorphic ADR profile specific considerations for underlying mechanisms
are applicable. The basic pharmacokinetic differences
between the genders were at first considered to cause the
predominance of ADR to some drugs in females, but
over the past years, it became evident that sex hormones
interacted with the particular drugs’ metabolism and
mechanisms of action[3]. The sex hormones greatly influence the immune responses which might also account for
the sex differences in ADR to immune system modulating therapy. However, in the present study, only biological
anti-TNF agents and no other immunosuppressive treatment showed a specific ADR sex dimorphic profile. In
addition, the particular ADR presenting more frequently
in females were hypersensitivity reactions, suggesting a
female-specific immunogenic potential related to biological therapy.
ADR to monoclonal anti-TNF antibodies have been
shown to be related to the development of antibodies
against these agents. Anti-infliximab as well anti-adalimumab antibodies are found in the sera of patients with
loss of response and/or ADR to IFX or ADA[19-23], suggesting thus the humoral immune response as underlying
mechanism of IFX- and ADA- related immunogenicity.
Interestingly, some studies analyzing the sex differences
in the humoral response to vaccinations showed higher
antibody titers in females[24,25] and more local and systemic adverse reactions to influenza and rubella vaccines
have been observed in women compared with men[26,27].
The underlying mechanism of these sex differences in
humoral immune response in general is not elucidated
thus far, but taken all these observational data together, it
is tempting to speculate that the use of monoclonal antibodies against TNF-α might result in higher anti-antiTNF antibodies formation rate in female patients which
in turn would lead to the female-specific higher incidence
of immune-mediated ADR.
This immunogenic potential of anti-TNF agents
resulting in ADR has important consequences for the
management of IBD patients using these drugs. In this
study, up to 50% of patients experiencing ADR discontinued the treatment, with the overall discontinuation rate
of all patients using anti-TNF agents being 15%. There
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are thus considerable potential limitations of long term
use of these otherwise effective drugs. Understanding the
underlying mechanisms, one of which might be femalespecific immunogenicity would subsequently help to
identify patients at risk and modify the therapeutic strategy accordingly.
To our knowledge, this is the first report studying the
sex differences in ADR profile to immunosuppressive
medication in a large cohort of patients with immunemediated disease. The main limitation of our study is its
retrospective design in which reporting bias of ADR is
inevitable due to the lack of a standardized protocol that
would ensure a meticulous screening of every treated patient in a prospective study design. This might particularly
affect a study dealing with sex-related differences due to
the psychosocial specificities of the two sexes in reporting ADRs. On the other hand, we analyzed sex-related
ADRs profile to several immunosuppressive drugs in this
large cohort. We found the sex dimorphism specifically
applying only for anti-TNF agents and no other medication which would be the case if this reporting bias ensuing from retrospective design was substantially to modify
the findings.
In conclusion, female IBD patients are at increased
risk of hypersensitivity reactions to anti-TNF agents
compared with males. These ADR have important clinical consequences as they lead to the discontinuation of
the treatment in half of the patients experiencing these
reactions. Further research, with a specific consideration
of sex dimorphism of the immunogenic potential of
anti-TNF agents is warranted in order to improve the
clinical management of patients at risk for ADR.

COMMENTS
COMMENTS
Background

Adverse drug reactions (ADR) to immune suppressive agents used for
inflammatory bowel disease (IBD) limit the treatment in up to 20% of patients.
For various drugs, sex dimorphic profile of ADR has been documented but this
has not been studied in depth in case of immune suppressive medication.

Research frontiers

Sex has great impact on the various physiological and pathophysiological
processes including pharmacokinetics and pharmacodynamics. The immune
responses differ between men and women and therefore, it is presumable that
the response to immune suppressive treatment may have specific profile in
male and female patients. This could specifically apply for the ADR that are
immune-mediated, such as the reactions to biological therapy. With the current situation of immunogenicity of biologicals being the main limitation of this
otherwise effective therapy, identifying patients with high immunogenic potential
is one of the possible strategies to enhance the overall success of anti-tumor
necrosis factor agents (anti-TNF) therapy.

Innovations and breakthroughs

In the present study, authors show that female IBD patients are more at risk for
allergic reactions to infliximab and adalimumab compared with male patients.
This sex-dimorphic profile of ADR seems to be specific to biological therapy and
not a general feature of immune suppressive medication since no sex-specific
ADR to thiopurines and methotrexate were observed. This increased risk for
ADR to biological has been reported previously in small sample size studies of
patients with various immune-mediated conditions but has not been studied as
a particular phenomenon in IBD patients.

Applications

The described phenomenon of increased immunogenic potential of anti-TNF
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agents in females compared to males has important consequences for the
management of IBD patients using these drugs. In this study, up to 50% of patients experiencing ADR to anti-TNF discontinued the treatment, with the overall
discontinuation rate of all patients using anti-TNF agents being 15%. There are
thus considerable potential limitations of long term use of these otherwise effective drugs. Understanding the underlying mechanisms, one of which might be
female-specific immunogenicity would subsequently help to identify patients at
risk and modify the therapeutic strategy accordingly.
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This retrospective study in a cohort of 843 patients is aimed to specifically determine the difference between male and female IBD patients in the occurrence
and type of ADR related to immunosuppressive agents (thiopurines, methotrexate, cyclosporine, tacrolimus), and anti-TNF agents (infliximab, adalimumab,
certolizumab). The results indicate that IBD women are at increased risk for
allergic reactions in the course of anti-TNF treatment.
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BRIEF ARTICLE

Diagnosis of intestinal tuberculosis using a monoclonal
antibody to Mycobacterium tuberculosis
Yasushi Ihama, Akira Hokama, Kenji Hibiya, Kazuto Kishimoto, Manabu Nakamoto, Tetsuo Hirata,
Nagisa Kinjo, Haley L Cash, Futoshi Higa, Masao Tateyama, Fukunori Kinjo, Jiro Fujita
for tubercle bacilli DNA, as well as Tuberculin skin test
(TST) and QuantiFERON-TB gold test (QFT), were examined. Colonoscopic records recorded on the basis of
Sato’s classification were also reviewed, in addition to
data from intestinal biopsies examined for histopathological findings, including hematoxylin and eosin staining, and ZN staining, as well as M. tuberculosis culture,
and PCR for tubercle bacilli DNA. For the present study,
archived formalin-fixed paraffin-embedded (FFPE) intestinal tissue samples were immunohistochemically
stained using a commercially available species-specific
monoclonal antibody to the 38-kDa antigen of the M.
tuberculosis complex. These sections were also stained
with the pan-macrophage marker CD68 antibody.
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RESULTS: From the clinical data, we found that no
patients were immunocompromised, and that the
main symptoms were diarrhea and weight loss. Three
patients displayed active pulmonary TB, six patients
(60%) had a positive TST, and 4 patients (40%) had
a positive QFT. Colonoscopic findings revealed that all
patients had type 1 findings (linear ulcers in a circumferential arrangement or linear ulcers arranged circumferentially with mucosa showing multiple nodules), all
of which were located in the right hemicolon and/or
terminal ileum. Seven patients (70%) had concomitant
healed lesions in the ileocecal area. No acid-fast bacilli
were detected with ZN staining of the intestinal tissue
samples, and both M. tuberculosis culture and PCR
for tubercle bacilli DNA were negative in all samples.
The histopathological data revealed that tuberculous
granulomas were present in 4 cases (40%). IHC staining in archived FFPE samples with anti-M. tuberculosis
monoclonal antibody revealed positive findings in 4
patients (40%); the same patients in which granulomas
were detected by hematoxylin and eosin staining. M.
tuberculosis antigens were found to be mostly intracellular, granular in pattern, and primarily located in the
+
CD68 macrophages of the granulomas.

Abstract
AIM: To investigate the utility of immunohistochemical (IHC) staining with an antibody to Mycobacterium
tuberculosis (M. tuberculosis ) for the diagnosis of intestinal tuberculosis (TB).
METHODS: We retrospectively identified 10 patients (4
males and 6 females; mean age = 65.1 ± 13.6 years)
with intestinal TB. Clinical characteristics, including
age, gender, underlying disease, and symptoms were
obtained. Chest radiograph and laboratory tests, including sputum Ziehl-Neelsen (ZN) staining, M. tuberculosis
culture, and sputum polymerase chain reaction (PCR)
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mas[4,5].
The present study was conducted to investigate the
utility of immunohistochemical (IHC) staining with a
species-specific monoclonal antibody to the 38-kDa
antigen of the M. tuberculosis complex to diagnose intestinal TB in archived formalin-fixed paraffin-embedded
(FFPE) intestinal tissue sections of suspected intestinal
TB patients.

CONCLUSION: IHC staining with a monoclonal antibody to M. tuberculosis may be an efficient and simple
diagnostic tool in addition to classic examination methods for the diagnosis of intestinal TB.
© 2012 Baishideng. All rights reserved.

Key words: Colonoscopy; Intestinal tuberculosis; Immunohistochemistry; Monoclonal antibody; Mycobacterium

tuberculosis

MATERIALS AND METHODS

Peer reviewers: Pradyumna Kumar Mishra, MS, PhD, Profes-

Patients
We retrospectively identified 10 patients (4 males and 6
females; mean age, 65.1 ± 13.6 years) with intestinal TB
between 1996 and 2011. All cases were obtained from
the archives of the Department of Infectious, Respiratory, and Digestive Medicine at the University of the
Ryukyus Hospital, Okinawa, Japan. The diagnosis of
intestinal TB was made by at least one of the following
criteria: (1) a positive culture of M. tuberculosis from the
intestinal tissue; (2) histopathological demonstration of
acid-fast bacilli (AFB) in the intestinal tissue; (3) histopathological demonstration of a caseating epithelioid
cell granuloma in the intestinal tissue; (4) detection of
tubercle bacilli DNA by PCR from the intestinal tissue; and (5) typical endoscopic features together with a
favorable response to a trial of antituberculous therapy.
These patients were all treated with a full course of antituberculosis therapy (rifampicin, isoniazid, ethambutol,
pyrazinamide) following diagnosis. The clinical and colonoscopic records of these patients were obtained, as well
as archived FFPE intestinal tissue sections. This study
was approved by the Ethics Committee of our institute.
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INTRODUCTION
Tuberculosis (TB), a chronic granulomatous infectious
disease caused by Mycobacterium tuberculosis (M. tuberculosis), is still a significant cause of morbidity and mortality
worldwide. Due to the increasing prevalence of human
immunodeficiency virus (HIV) infection and immunosuppressive therapy for various diseases, the global incidence of TB has increased[1].
The gastrointestinal tract is a common site of extrapulmonary TB. The ileocecal region is frequently
involved in most patients diagnosed with intestinal TB,
although the diagnosis of intestinal TB is often difficult
because of its diverse clinical manifestations and very
low positivity using current diagnostic tests including
Ziehl-Neelsen (ZN) staining and M. tuberculosis culture
from intestinal tissue samples[2]. More recently, detection of tubercle bacilli DNA by polymerase chain reaction (PCR) has been developed as a diagnostic tool with
excellent sensitivity and specificity in respiratory specimens. However, diagnosis by PCR in clinical settings
still requires validation[3]. Therefore, diagnosis is generally made on the basis of the classical histopathological
demonstration of a caseating epithelioid cell granuloma,
which is suggestive of TB. However, it may be difficult
to differentiate intestinal TB from Crohn’s disease based
on this technique due to the fact that intestinal TB and
CD have similar clinical, colonoscopic, and pathological
findings. Although it is well known that caseating granulomas are a feature of TB, and non-caseating granulomas are that of CD, the prevalence of caseation is low
in clinical settings for intestinal tuberculous granulo-
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Colonoscopy and histopathology
Colonoscopy was performed with standard colonoscopes (Olympus, Tokyo, Japan). All patients diagnosed
with intestinal TB were examined from the rectum to
terminal ileum after lavage bowel preparation with a
polyethylene glycol electrolyte solution. Colonoscopic
findings were recorded on the basis of Sato’s classification[6]. Open ulcers or erosions were classified into 4
types: type 1 (linear ulcers in a circumferential arrangement or linear ulcers arranged circumferentially with
mucosa showing multiple nodules), type 2 (round or
irregular-shaped isolated small ulcers arranged circumferentially without nodules), type 3 (multiple erosions restricted to the colon), and type 4 (small aphthous ulcers
or erosions restricted to the ileum). Healed lesions in the
ileocecal area were also recorded, including the patulous
ileocecal valve (PV), pseudodiverticular deformity (PD),
and atrophic mucosal area (AMA) with multiple ulcer
scars[6]. During colonoscopy, biopsy specimens were obtained in a routine fashion using standard forceps. The
specimens were prepared for ZN staining, tuberculous
culture, PCR for tubercle bacilli DNA, and hematoxylin
and eosin (HE) staining.
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Table 1 Clinical, laboratory and bacteriologic findings in patients with intestinal tuberculosis
Case Age/gender
1
2
3
4
5
6
7
8
9
10

38/F
66/F
81/F
72/M
43/M
76/M
58/M
74/F
74/F
70/F

Underlying disease

Symptoms

Epilepsy
Fever
Lumber neuralgia
Diarrhea
Cecal cancer
Diarrhea, weight loss
Post-herpes neuralgia
Abdominal pain
Diabetes mellitus
Diarrhea
Gout
Diarrhea
Ulcerative colitis
Diarrhea
Gastric ulcer
Weight-loss
Colonic polyp
None
Rectal cancer
Diarrhea

Chest radiograph

Sputum ZN stain Sputum culture Sputum PCR TST

Active TB
Normal
Active TB
Normal
Normal
Normal
Normal
Active TB
Normal
Inactive TB

+
+
+
-

-

+
-

+
+
ND
+
+
+
ND
+

QFT
ND
ND
ND
+
ND
+
+
+
ND

TB: Tuberculosis; ZN: Ziehl-Neelsen; PCR: Polymerase chain reaction; TST: Tuberculin skin test; ND: Not determined; QFT: QuantiFERON-TB gold test; M:
Male; F: Female.

IHC staining
IHC staining was performed using the IgG1 type mouse
monoclonal antibody against the 38-kDa antigen of
the M. tuberculosis complex (Vector Laboratories, Burlingame, CA, United States). 5 µm thick sections were
prepared from formalin-fixed, paraffin-embedded tissue.
IHC was carried out using the VECTASTAIN ABC kit
(Vector Laboratories, Burlingame, CA, United States) as
described elsewhere[7-11]. Briefly, after deparaffinization
and rehydration, the sections were exposed to antigen
retrieval (Target retrieval solution pH 6.0, DakoCytomation, CA, United States) in high temperature water
(98  ℃) for 30 min, and then cooled for 20 min at room
temperature. Endogenous peroxidase activity was inhibited by incubating the sections with hydrogen peroxide
for 20 min. To prevent non-specific binding, these sections were incubated in normal mouse serum for 20
min. Primary antibody (anti-M. tuberculosis mouse monoclonal antibody in 1:80 dilutions) was applied to the
sections overnight. This step was followed by washing
and 40-min incubation with a biotinylated secondary antibody. These sections were then subjected to an avidin
biotin-peroxidase complex for 40 min. Visualization was
performed using ImmPACT DAB (Vector Laboratories,
Burlingame, CA, United States), which was applied for
10 s. Sections were counter-stained with hematoxylin. A
negative control in which the primary antibody was substituted with antibody diluent was used. IHC expression
of the M. tuberculosis antigen was evaluated under light
microscopy for the distribution of stain in the cytoplasm
of epithelioid histiocytes and multinucleated giant cells.
Additional IHC staining was performed to evaluate the
relationship between M. tuberculosis antigen and macrophage distribution in the colonic specimens. These
paraffin sections were stained with anti-M. tuberculosis
rabbit antibody (Abcam, Cambridge, MA) at a 1:200 dilution, and the pan-macrophage marker CD68 antibody
(Leica Microsystem, Buckinghamshire, United Kingdom)
at a 1:80 dilution using the streptavidin-biotin peroxidase
method as described previously.
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RESULTS
Clinical features
Clinical features of the 10 patients are summarized in
Table 1. No patients were immunocompromised, including immunosuppressive medication use and HIV
infection. Primary symptoms were diarrhea and weight
loss. Although no patients had respiratory symptoms,
chest radiograph and sputum ZN staining in 3 patients
revealed active pulmonary TB. Six patients (60%) had
a positive Tuberculin skin test (TST) and four patients
(40%) had a positive QuantiFERON-TB gold test (QFT),
of which three patients had both a positive TST and
QFT test.
Colonoscopic, bacteriological, and histopathological
findings
Colonoscopic, bacteriological, and histopathological
findings of the 10 patients are summarized in Table 2.
All patients had type 1 findings (linear ulcers in a circumferential arrangement or linear ulcers arranged circumferentially with mucosa showing multiple nodules),
all of which were located in the right hemicolon and/or
terminal ileum (Figure 1A). Seven patients (70%) had
concomitant healed lesions, including PV, PD, or AMA,
in the ileocecal area (Figure 1B). No AFB was detected
with ZN staining of the intestinal tissue samples. Tuberculous culture and PCR for tubercle bacilli DNA were
negative in all intestinal tissue samples.
In the histopathological studies, tuberculous granulomas were identified in 4 cases (40%) (Figure 2A). IHC
staining with anti-M. tuberculosis monoclonal antibody
was positive in these same 4 patients (40%). The mycobacterial antigens were mainly detected as granular cytoplasmic staining in the epithelioid cells and giant cells
within granulomas (Figure 2B). All samples in which
granulomas were detected by HE staining were positive
for TB by IHC staining. As for the relationship between
M. tuberculosis antigens and macrophage distribution in
the colonic consecutive specimens, the mycobacterial
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Table 2 Colonoscopic, bacteriologic and histopathological findings in patients with intestinal tuberculosis
Case
1
2
3
4
5
6
7
8
9
10

Type
1
1
1
1
1
1
1
1
1
1

Colonoscopic or macroscopic findings

Histopathological findings

Location

PV, PD, AMA

AFB in ZN staining

Culture/PCR

Granuloma

TB by IHC staining

TI, C, A
TI, C, A
TI
C, A
TI, C, A, T, D, S
TI
TI, C, A, T, D, S
TI, C
TI, C, A, S
TI

PV, AMA
PV, AMA
PV, PD, AMA
PV, PD, AMA
PV, PD, AMA
PV, AMA
PD, AMA
-

-

-

+
+
+
+

+
+
+
+

TI: Terminal ileum; C: Cecum; A: Ascending colon; T: Transverse colon; D: Descending colon; S: Sigmoid colon; PV: Patulous ileocecal valve; PD:
Pseudodiverticular deformity; AMA: Atrophic mucosal area; AFB: Acid-fast bacilli; ZN: Ziehl-Neelsen; PCR: Polymerase chain reaction; IHC:
Immunohistochemical; TB: Tuberculosis.

A

B

Figure 1 Typical colonoscopic views of intestinal tuberculosis. A: Colonoscopy shows a circumferential ulcer with edematous flared nodules in the ascending
colon (patient 1); B: Colonoscopy shows a whitish mucosal area with an absence of the normal vascular pattern of healed ulcer scars in the ascending colon. Note the
concomitant active ulcers in the proximal colon (patient 2).

toms.
Although the TST has long been used as a reliable
diagnostic examination, the recently developed QFT
has been increasingly applied. There is controversy as to
whether or not the QFT is effective for the diagnosis of
extrapulmonary TB. Kim et al[13] reported that in a prospective study of 128 patients, QFT was a limited but
useful aid in combination with the TST in the diagnosis
of intestinal TB. In agreement with their findings, the
QFT and TST had a good agreement in our study.
In this study, the vast majority of cases were colonoscopically diagnosed with TB. Similar to previous
studies[6,14], all patients in our study had a type 1 appearance among colonoscopic findings. Although this type
has been established as a reliable colonoscopic feature,
recent studies have emphasized that healed lesions in the
ileocecal area, including PV, PD, and AMA with multiple
ulcer scars, can coexist with active tuberculous inflammation. Sato et al[6] reported that 91% of patients in
their study have AMA lesions, and so concluded that the
AMA was the most frequently recognized endoscopic
manifestation of intestinal TB. Our data, in which 60%
of patients had these lesions, correlates strongly with
their findings.

antigens were seen predominantly as coarse granular immunopositive material in CD68+ macrophage cytoplasm
(Figure 2C, D).
Clinical course and outcome
All patients were suspected to have intestinal TB on the
basis of clinicopathologic findings. The regimen for
TB was combined chemotherapy containing isoniazid,
rifampicin, and ethambutol for six months and pyrazinamide for two months. All patients responded to antituberculous therapy and follow-up colonoscopies showed
improvement of the colonic lesions.

DISCUSSION
This study has highlighted several important considerations. Most patients in this study had abdominal
symptoms, and although no patients had respiratory
symptoms, 4 (40%) had concomitant active or inactive
pulmonary TB, consistent with prior reports in which
pulmonary TB was apparent in less than 25% of patients with intestinal TB[2,12]. Based on these findings,
we should be aware of the possibility of tuberculous
involvement in multiple organs despite apparent symp-
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A

B

C

D

20 mm

20 mm

Figure 2 Histopathological views of tuberculous granuloma and localization of the mycobacterial antigen in the colonic lesion (patient 8). A: A granuloma,
surrounded by inflammatory lymphocytes, is present in the lamina propria (hematoxylin and eosin, × 200); B: Immunohistochemical staining view of the colonic specimen (× 200). Note that the mycobacterial antigens (brownish granular matter) are present in the cytoplasm of epithelioid histiocytes and multinucleated giant cells
in the granuloma; C: Cells stained with the pan-macrophage marker CD68 antibody are present in the granuloma (× 400); D: The mycobacterial antigens (brownish
granular matter) are present in the cytoplasm of the macrophages in the granuloma (× 400).

Numerous studies have compared the diagnostic
methods of intestinal TB[15]. A study by Sekar et al[16]
evaluated the role of PCR in the laboratory diagnosis of
different forms of extrapulmonary TB in comparison
with conventional bacteriologic techniques. They found
an 18%, 22%, and 63% sensitivity for smear, culture, and
PCR, respectively. A recent study clearly demonstrated
that using real-time PCR technology with fluorescence
resonance energy transfer probes has much higher sensitivity for the detection of tubercle bacilli DNA in tissue
biopsy samples and FFPE surgically resected tissues of
the gastrointestinal tract than traditional PCR[17]. Our
negative AFB and PCR tests may be due to a small biopsy sample size.
There have been several studies on IHC staining for
the diagnosis of TB in which the most used polyclonal
antibodies[18,19] resulted in false-positive reactions. There
are only two studies that have evaluated IHC staining
with a species-specific monoclonal antibody to 38-kDa
antigen of M. tuberculosis complex in archival FFPE tissue sections of intestinal TB. Goel et al[7] demonstrated
that 2/2 samples tested had positive IHC staining (100%),
whereas Ince et al[8] demonstrated IHC positivity in 6/8
(75%) intestinal tuberculous granulomas. Our results
revealed 4 positive samples using IHC staining out of 4
tuberculous granulomas, whereas ZN staining for AFB
was negative in all of these sections. Our results dem-
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onstrating that granulomas detected with HE staining
are all positive with IHC have confirmed these previous
findings. It is important to note that this was a retrospective study on previously diagnosed TB; hence we cannot
determine the false positivity rate of IHC staining for
intestinal TB.
Granular cytoplasmic staining of M. tuberculosis in
IHC staining is considered to be due to fragments or
debris of the bacilli[7]. Low positivity of AFB could be
due to the fact that only the intact bacilli take up the
stain. The fact that fragments or debris of M. tuberculosis
can be detected easily using IHC staining may be a great
advantage. To the best of our knowledge, this is the first
report that demonstrates that M. tuberculosis antigens are
located as coarse granular immunopositive material in
the cytoplasm of CD68+ macrophages within human
intestinal TB. This finding may help to uncover the unknown relationship between M. tuberculosis and macrophages[20].
Distinguishing intestinal TB from CD is still challenging[21-25], and the treatments of TB and CD are quite
different. Corticosteroids, immunosuppressive and antitumor necrosis factor (TNF) agents are widely applied
in the treatment of CD, whereas they may be harmful
in TB. For example, anti-TNF agents can induce reactivation of TB; therefore differentiating TB from CD
is extremely important. Histopathological features en-
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countered frequently in intestinal TB include granulomas
that are confluent, large (> 200 μm), and multiple in
number (> 5 per section)[26]. The classical histological
picture of tuberculous granulomatous inflammation is
not a diagnostic problem in tissue samples; however,
when sections show non-caseous epithelioid granulomas
mimicking TB as is the case in CD, it creates a diagnostic
dilemma. In the present study, we did not conduct any
experiments using intestinal samples of CD; however
Ince et al[8] concluded that positive IHC staining with
species-specific antibodies to TB can rule out the diagnosis of CD with high sensitivity and specificity. We plan
to conduct a large-scale study to confirm these findings
in the future.
In conclusion, IHC staining using a monoclonal
antibody to M. tuberculosis antigen, which is a novel translational implication, can potentially be an efficient and
simple diagnostic tool to compliment classic clinicopathological examinations for the diagnosis of intestinal TB.
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The diagnosis of intestinal tuberculosis (TB) is often difficult because of its
diverse clinical manifestations and very low positivity using current diagnostics,
including acid-fast bacilli in Ziehl-Neelsen staining and culture of Mycobacterium tuberculosis (M. tuberculosis) from intestinal tissue samples.
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RESULTS: The rs72696119 G allele frequencies in
controls and UC cases were 33.4% and 38.5%, respectively (P = 0.10). Genotype frequency of the GG homozygote in UC cases was significantly higher than that
in controls (P = 0.017), and the GG homozygote was
significantly associated with susceptibility to UC [odds
ratio (OR), 1.88; 95%CI, 1.13-3.14]. In male subjects,
the GG homozygote was associated with an increased
risk for UC (OR, 3.10; 95%CI, 1.47-6.54; P = 0.0053),
whereas this association was not found in female subjects. In addition, the GG homozygote was significantly
associated with the risk of non-continuous disease
(OR, 2.06; 95%CI, 1.12-3.79; P = 0.029), not having
total colitis (OR, 2.40; 95%CI, 1.09-3.80, P = 0.040),
disease which developed before 20 years of age (OR,
2.80; 95%CI, 1.07-7.32, P = 0.041), no hospitalization
(OR, 2.28; 95%CI, 1.29-4.05; P = 0.0090) and with a
maximum of 8 or less on the UCDAI score (OR, 2.45;
95%CI, 1.23-4.93; P = 0.022).
CONCLUSION: Our results provide evidence that

NFKB1 polymorphism rs72696119 was significantly

associated with the development of UC. This polymorphism influences the susceptibility to and pathophysiological features of UC.

Abstract
AIM: To clarify the association between a polymorphism -449 C>G (rs72696119) in 5’-UTR of NFKB1 with
ulcerative colitis (UC).

© 2012 Baishideng. All rights reserved.

Key words: Genetic polymorphism; NFKB1 ; Ulcerative
colitis

METHODS: The studied population comprised 639
subjects, including patients with UC (UC cases, n =
174) and subjects without UC (controls, n = 465). We
employed polymerase chain reaction-single strand conformation polymorphism to detect the gene polymor-
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lower abdominal symptoms, diarrhea or hematochezia.
Genomic DNA was isolated from peripheral blood using the FlexiGene DNA Kit (QIAGEN GmbH, Hilden,
Germany).
The Ethics Committees of Fujita Health University
and Kanazawa Medical University approved the protocol, and written informed consent was obtained from all
the participating subjects.

Kandasurugadai Chiyoda-ku, Tokyo 101-8309, Japan
Hayashi R, Tahara T, Yamaaki T, Saito T, Matsunaga K, Hayashi
N, Fukumura A, Ozaki K, Nakamura M, Shiroeda H, Tsutsumi
M, Shibata T, Arisawa T. -449 C>G polymorphism of NFKB1
gene, coding nuclear factor-kappa-B, is associated with the
susceptibility to ulcerative colitis. World J Gastroenterol 2012;
18(47): 6981-6986 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i47/6981.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i47.6981

Classification
According to their clinical courses, UC cases were classified into continuous disease and non-continuous disease
(relapsing and only one episode)[17]. UC patients were
also classified as having total colitis or not having total
colitis (left sided, distal colitis and proctitis) according to
the location and extension of the inflammatory lesions
judged by endoscopic findings.

INTRODUCTION
Ulcerative colitis (UC) is precipitated by a complex interaction of environmental, genetic, and immunoregulatory
factors[1,2]. UC affects the colon and rectum and typically
involves the innermost lining mucosa, manifesting as
continuous areas of inflammation, with no segments of
normal mucosa[3]. The pathogenesis of UC is only partially understood. Recently, the important role of innate
immune response in the pathogenesis of UC has been
reported[4]. In addition, some genes are associated with
UC itself[5]. We have previously investigated the association between genetic polymorphisms in several genes
and susceptibility to UC[6-9].
One of the linkage regions for inflammatory bowel
diseases (IBD) has been mapped to chromosome 4q[10].
In this region, the NFKB1, encoding 2 subunits (p50 and
p105) of nuclear factor r (NF)-κB, is located (4q24)[11].
NF-κB is a pleiotropic transcription factor involved
in diverse immunologic processes including regulation
of the intestinal immune system[12]. Dysregulation of
NF-κB has been demonstrated in different inflammatory disorders, including UC[13]. Recently, many studies
have reported the association between polymorphism
rs28362491 (-94 ins/del ATTG of NFKB1) and various
inflammatory diseases[14]. However, these studies have
not always led to the same conclusions. Furthermore, a
genetic variation, rs72696119 (-449 C>G in 5’-UTR of
NFKB1), has been identified. We previously reported
a close association between NFKB1 polymorphisms
(rs28362491 and rs72696119) and aberrant gene methylation in gastric mucosa[15].
In this study, we attempted to clarify the association
between the NFKB1 polymorphism, rs72696119 (-449
C>G), and susceptibility to UC.

Genotyping of polymorphisms
The polymorphism was genotyped by polymerase chain
reaction (PCR)-single strand conformation polymorphism (SSCP) as previously reported [15,18]. To detect
NFKB1 rs72696119 C>G, using the primer pairs (449F:
5’-cgtgtgtccgtctgtctgtatgctc-3’ and 449R: 5’-cgctggtgcacttctctctctttct-3’), was carried out in a volume of 20
µL containing 0.1 µg of genomic DNA. The DNA was
denatured at 95 ℃ for 3 min, followed by 35 cycles at
95 ℃ for 30 s, 57 ℃ for 40 s, and 72 ℃ for 45 s, with
final extension at 72 ℃ for 5 min. SSCP was carried out
at 6 ℃ using a GenePhor DNA separation system with
GeneGel Excel 12.5/24 (Amersham Biosciences Corp.,
United States), after which the denatured single strand
DNA bands were detected using a DNA Silver Staining
Kit (Amersham Biosciences Corp.).
Statistical analysis
Patient age was expressed as mean ± SD. Mean age between the 2 groups was compared by Student’s t-test. Allelic and genotype frequencies were calculated by direct
counting. The allele counts and the distribution of genotypes were compared between the cases and the controls
by a 2 × 2 table using Fisher’s extract test. Furthermore,
the strength of the association between allele frequencies and the disease was assessed by calculating the odds
ratio (OR) and 95%CI. For all analyses, the level of significance was set at P < 0.05.

RESULTS

MATERIALS AND METHODS

Characteristics of subjects and the frequencies of
genotypes
As shown in Figure 1, single strand DNA was clearly
separated by SSCP. NFKB1 rs2505901 was in HardyWeinberg equilibrium (P = 0.26). The mean age of the
controls was significantly higher than that of UC cases
(Table 1). The minor allele frequencies of rs72696119
were 33.4% and 38.5% in controls and UC cases, re-

Clinical samples
The studied population comprised 639 subjects, including patients with UC (UC cases, n = 174), who were enrolled in Fujita Health University Hospital, and subjects
without UC (controls, n = 465). The diagnosis of UC
was based on standard clinical, endoscopic, radiological,
and histological criteria[16]. The control subjects had no
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Table 2 Association between rs72696119 and ulcerative
colitis
Genotype (n )

CG

CG

CG

GG

CC

GG

CC

CC

CG

Figure 1 Polymerase chain reaction-single strand conformation polymorphism images using clinical samples. Single strand DNA was clearly separated by single strand conformation polymorphism.

Controls

UC cases

465
50.6 ± 17.3
253:212

174
40.3 ± 13.9
(33.0 ± 13.4)
98:76

197
225
43
33.40%

68
78
28
38.50%

C/G

G/G

OR (95%CI)

P value

Controls (465)
UC cases (174)
Male
Controls (253)
UC cases (98)
Female
Controls (212)
UC cases (76)

197
68

225
78

43
28

Ref.
1.88 (1.13-3.14)

0.017

102
40

136
42

15
16

Ref.
3.10 (1.47-6.54)

0.0053

95
28

89
36

28
12

Ref.
1.23 (0.592-2.57)

0.57

Table 3 Association between rs72696119 and phenotype of
ulcerative colitis

P value
< 0.0001
Controls (465)
Age of onset
≤ 20 (27)
21 ≤ (133)
Clinical type
Not continuous (98)
Continuous (71)
Extension
Not total colitis (93)
Total colitis (78)
Max UCDAI score
≤ 8 (60)
9 ≤ (106)
Hospitalization
None (106)
One time ≤ (60)
Response to treatment
Steroid-dependent (34)
Steroid-refractory (46)

NS

0.017
0.10

UC: Ulcerative colitis; NS: Not significant.

spectively (P = 0.10). The genotype frequencies of the
rs72696119GG homozygote was significantly higher in
UC cases than in controls (P = 0.017).
Association between rs72696119 and UC
The rs72696119GG homozygote was significantly associated with increased risk for UC (OR, 1.88; 95%CI,
1.13-3.14; P = 0.017, Table 2). This association was
stronger in male subjects (OR, 3.10; 95%CI, 1.47-6.54;
P = 0.0053), whereas it was not observed in female subjects.

Genotype (n )

GG vs others

CC

CG

GG

OR (95%CI)

P value

197

225

43

Ref.

-

12
50

9
66

6
17

2.80 (1.07-7.32)
1.44 (0.791-2.62)

0.041
0.25

34
32

47
30

17
9

2.06 (1.13-3.77)
1.43 (0.662-3.07)

0.029
0.39

31
35

46
32

16
11

2.04 (1.09-3.80)
1.61 (0.792-3.28)

0.040
0.22

20
44

28
49

12
13

2.45 (1.23-4.93)
1.37 (0.716-2.63)

0.022
0.37

41
25

45
30

20
5

2.28 (1.29-4.05)
0.892 (0.350-2.28)

0.0090
1.00

13
18

17
23

4
5

1.31 (0.440-3.89)
1.20 (0.449-3.19)

0.54
0.79

OR: Odds ratio.

5’-UTR of NFKB1 and the risk for developing UC. The
rs72696119 GG homozygote was significantly associated
with increased risk for UC, especially in male subjects. In
addition, this genotype was associated with younger age
at onset, non-continuous disease, not having total colitis,
no hospitalization and with a UCDAI score below 8.
These results suggest that this genotype may be associated with UC of comparatively mild or moderate severity. In our study, sample selection may have affected the
outcome, as our controls included patients who came
to hospital in order to have treatment for complaints
other than diarrhea, bloody feces and lower abdominal
discomfort, and were not completely healthy subjects.
Moreover, the effect of type Ⅱ error cannot be excluded
in relatively small sample sizes. Another limitation of
this study was that mean age was different between the
controls and UC cases. However, it seems that this was
not an obstacle in the analysis, as UC developed at a

Association between rs72696119 and phenotypes of UC
The rs72696119 was associated with UC cases with an
onset age below 20 years (OR, 2.80; 95%CI, 1.11-7.14; P
= 0.041, Table 3). In addition, the GG homozygote was
significantly associated with non-continuous disease (OR,
2.06; 95%CI, 1.13-3.77; P = 0.029), not having total colitis (OR, 2.04; 95%CI, 1.10-3.78; P = 0.040), no hospitalization (OR, 2.28; 95%CI, 1.29-4.05; P = 0.0090), and
with a maximum of 8 or less on the UCDAI score (OR,
2.45; 95%CI, 1.23-4.93; P = 0.022). This polymorphism
was not associated with response to steroid treatment.

DISCUSSION
In the current study, we evaluated the association between the polymorphism rs72696119 (-449C>G) in
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UC: Ulcerative colitis; OR: Odds ratio.

Table 1 Characteristics of the subjects and allelic frequency

Number of sample
Age (mean ± SD)
(age of onset)
Male:female
rs72696119 C>G
C/C
C/G
G/G
G allele frequency

GG vs others

Overall
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relatively young age.
To the best of our knowledge, there have been no
reports on the distribution of rs72696119 in Japanese
subjects, including HapMap-JPT. In a previous study,
we demonstrated that rs72696119 has a strong allelic association with rs28362491[15]. It has been reported that
the rs28362491 ATTG deletion variant in the promoter
region destroys a transcription factor binding site, resulting in lower expression of NF-κB[19]. Therefore, NFκB expression is considered to be low in rs72696119
GG variants, as well as rs28362491 del/del variants.
Due to their important role in inflammation, the lower
expression of NF-κB protein seems to suppress inflammation. However, several studies have shown that the
rs28362491 ATTG deletion variant is associated with
increased risk for the development of inflammatory or
auto-immune diseases[19,20]. Our results also indicated that
the rs72696119 GG homozygote was associated with an
increased risk for UC in Japanese.
NF-κB names a number of different transcription factors that are homo- or heterodimers of p65, p50, p105,
C-rel and relB[21]. NFKB1 encodes both the subunits p105
and p50 of the transcription factor NF-κB by alternative
splicing[22]. NF-κB is involved in both inflammatory and
anti-inflammatory processes[23]. The role of NF-κB in inflammation is determined by subunit type. As part of the
p65/p50 NF-κB transcription factor complex, it is proinflammatory, controlling transcription of pro-inflammatory cytokines[24]. Conversely, p50 has anti-inflammatory
properties in the p50 homodimer by repressing transcription[25]. The relative abundance of p65/p50 heterodimers
and p50 homodimers may determine the magnitude of
inflammation by balancing the pro-inflammatory and antiinflammatory response[21]. In fact, p50 deficient mice have
an increased sensitivity to lipopolysaccharide (LPS) and
have increased LPS-induced inflammation[26,27]. In subjects
with the del/del genotype, decreased p50 synthesis may
lead to decreased repressive homodimers and increased
active heterodimers of the NF-κB complex. This balance
may influence the susceptibility to inflammatory diseases,
including UC.
The significant association between the rs28362491
ATTG deletion allele and UC was first reported by Karban et al[19]. Borm et al[28] also reported the same results.
However, several studies did not find a significant association between this allele and UC[29-32]. On the other
hand, there have been no reports on the association
between the NFKB1 polymorphism and UC in Japan.
In our study, the rs72696119 G allele, in linkage disequilibrium with the rs28362491 ATTG deletion allele, was
significantly associated with susceptibility to UC using a
recessive genetic model. In addition, this genotype was
associated with patients who developed UC at a relatively young age, similar to Borm’s report[28]. These contrasting observations may be explained by differences in the
genotypic composition of populations in different coun-
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tries with different racial groups. Another explanation is
that it is possible that the results may be controlled by
the composition of the phenotypes in UC cases, as our
results indicated that the NFKB1 polymorphism was
more closely associated with specific phenotypes of UC.
Furthermore, the influence of rs72606119 has not yet
been investigated. The association between rs28362491
and rs72696119 has not been described in the HapMap
project. More studies will be necessary to clarify the influence of rs76296119 on susceptibility to UC.
It is difficult to evaluate the severity of UC at any
one point, because it fluctuates with clinical period and
medications. Thus, we assessed the association between
rs7629119 and the severity of UC, when the cases with
a history of hospitalization or with a maximum of 9 or
more on the UCDAI score were considered to be severe
cases. Our results suggested that this genotype might be
associated with UC of comparatively mild or moderate severity. Moreover, a strong significant association between
the rs72696119 GG homozygote and UC was found in
male subjects. It is unclear why this genotype was associated with specific phenotypes and male UC cases. UC is a
multifactorial disorder with both genetic and environmental etiological factors, and is considered a complex genetic
disorder predicted to involve multiple genes of relatively
low penetrance[33]. In fact, Fisher et al[34] reported that
several regions of male-specific linkage were found in the
susceptibility to IBD. It may be no surprise that NFKB1
polymorphism is more closely associated with specific
phenotypes of UC. Further studies will be necessary in
order to clarify how the NFKB1 polymorphism influences
susceptibility to UC.
In conclusion, the GG homozygote of rs72696119,
which is located in NFKB1 5’-UTR and is in linkage disequilibrium with rs28362491, is significantly associated
with susceptibility to UC, especially in Japanese male
subjects. This genotype is associated with UC of mild or
moderate severity.
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Treatment strategies using adefovir dipivoxil for individuals
with lamivudine-resistant chronic hepatitis B
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needed. The “switch/combination” group was then
divided into two subgroups depending on whether participants followed (group A, n = 30) or violated (group B,
n = 45) a proposed treatment strategy that determined
whether to add lamivudine based on the serum hepatitis B virus (HBV) DNA levels (< 60 IU/mL or not) after
6 mo of treatment (roadmap concept).
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RESULTS: The cumulative probability of virologic response (HBV DNA < 60 IU/mL) was higher in group A
than in the “add-on” group and in group B (P < 0.001).
In contrast, the cumulative probability of virologic
breakthrough was lower in the “add-on” group than in
group B (P = 0.002). Furthermore, the risk of virologic
breakthrough in the multivariate analysis was significantly lower in the “add-on” group than in group A
(hazard ratio = 0.096; 95%CI, 0.015-0.629; P = 0.015).
CONCLUSION: The selective combination of adefovir
with lamivudine based upon early treatment responses
increased the odds of virologic breakthrough relative to
the use of uniform combination therapy from the beginning of treatment.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Chronic hepatitis B; Lamivudine-resistant;
Adefovir; Combination therapy; Roadmap concept

AIM: To investigate retrospectively the long-term efficacy of various treatment strategies using adefovir
dipivoxil (adefovir) in patients with lamivudine-resistant
chronic hepatitis B.

Peer reviewer: Arturo Panduro, MD, PhD, Head of the Department of Molecular Biology in Medicine, Civil Hospital of Guadalajara Fray Antonio Alcalde/University of Guadalajara, Hospital
No. 278 S.H., Guadalajara, 44280 Jalisco, Mexico

METHODS: We included 154 consecutive patients in
two treatment groups: the “add-on” group (n = 79), in
which adefovir was added to ongoing lamivudine treatment due to lamivudine resistance, and the “switch/
combination” group (n = 75), in which lamivudine was
first switched to adefovir and then re-added later as
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cept (first initiating adefovir monotherapy and then adding lamivudine based on early treatment response) are as
effective as ab initio combination therapy in patients with
lamivudine-resistant CHB.
In this study, we retrospectively compared the longterm efficacies of various treatment strategies using
adefovir in patients with lamivudine-resistant CHB and
analyzed factors associated with treatment efficacy. In
particular, we focused on whether the long-term efficacies differed between patients treated in accordance with
the roadmap concept and those treated with combination therapy from the start of treatment.
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INTRODUCTION
The aims of chronic hepatitis B (CHB) treatment are
to achieve the sustained suppression of hepatitis B virus (HBV) replication and to prevent progression to
cirrhosis, liver failure, and hepatocellular carcinoma[1].
Lamivudine is a safe and effective nucleoside analog that
has been approved by the United States Food and Drug
Administration as the first oral therapy for CHB. Lamivudine suppresses HBV replication by inhibiting the
activity of HBV DNA polymerase, which leads to the
normalization of serum alanine aminotransferase (ALT)
levels, hepatitis B e antigen (HBeAg) seroconversion,
and histological improvement[2-5]. However, some CHB
patients who are treated with lamivudine over a long
period of time develop resistance to the drug at a rate
reaching approximately 70% after five years of administration[6]. This resistance leads to virologic breakthrough,
re-elevation of the serum ALT levels, hepatic failure, and
even death in some patients[3,4,7]. Despite the introduction of more potent antiviral agents for the treatment of
CHB, lamivudine is still frequently used due to its lower
cost.
Adefovir dipivoxil (adefovir) is a nucleotide analog
that is effective against both wild-type and lamivudineresistant forms of HBV[8-13]. However, adefovir resistance mutations develop more frequently in lamivudineresistant patients than in treatment-naive patients[14-17].
Several recent studies have reported that the combination of adefovir with lamivudine results in a lower incidence of resistance to adefovir and has higher efficacy
than adefovir monotherapy in patients with lamivudine
resistance[18-21]. In reality, however, adefovir is frequently
initiated as a monotherapy due to the high cost of combination therapy, and lamivudine is sometimes added
later if needed. It has not yet been determined when
and how to assess the appropriateness of the virologic
response to adefovir monotherapy so that lamivudine
can be added at the optimal time. In such situations,
healthcare providers may consult the roadmap concept
proposed by Keeffe et al[22]. The roadmap concept uses
the treatment response at 6 mo to individualize ongoing antiviral management to minimize resistance and
improve long-term efficacy. Although this concept is
primarily based on the results of previous studies on
treatment-naive CHB patients[23-25], a recent study suggested that the roadmap concept might be useful as a
means of increasing the therapeutic efficacy during adefovir monotherapy in patients with lamivudine-resistant
HBeAg-positive CHB[26].
To date, however, no studies have investigated
whether treatment strategies based on the roadmap con-
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MATERIALS AND METHODS
Study sample
We screened the medical records of 255 consecutive patients who were prescribed adefovir 10 mg daily for the
treatment of lamivudine-resistant CHB and followed up
for more than 12 mo at Korea University Anam Hospital from May 2004 to February 2010. Of these 255
patients, 14 were excluded from the study because they
had already been prescribed adefovir at another hospital.
20 patients were excluded because they received other
drugs (entecavir, remofovir, or clevudine) prior to adefovir treatment. We also excluded another 67 patients with
serum HBV DNA levels at month six that were below
the detection limit (< 0.5 pg/mL) of the hybridization
method and that were not measured with more sensitive
quantitative techniques. The data were collected for the
remaining 154 patients and analyzed retrospectively. Patients were divided into two groups depending on how
adefovir was initiated: a “switch/combination” group
and an “add-on” group. For the “switch/combination”
group (n = 75), lamivudine was first switched to adefovir, and lamivudine was re-added later if necessary in
cases of primary non-response and inadequate response
(n = 31) or virologic breakthrough (n = 6). For the “addon” group (n = 79), adefovir was added to ongoing lamivudine treatment due to lamivudine resistance.
Methods
Clinical information (including age, gender, duration of
prior lamivudine treatment, body mass index, presence
of liver cirrhosis, and Child-Pugh score) was obtained
by reviewing the patient medical records. Data were also
collected from laboratory tests that were performed
prior to adefovir administration and every three months
thereafter. These tests included routine complete blood
counts; biochemical tests to measure the serum levels of
ALT, aspartate aminotransferase, alkaline phosphatase,
gamma glutamyl transpeptidase, albumin, total bilirubin,
blood urea nitrogen, creatinine, and phosphorus; assays
to determine the prothrombin time; and serologic studies to determine the HBeAg, anti-HBeAg antibody (antiHBe), and HBV DNA levels.
The diagnosis of liver cirrhosis was based on liver
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biopsy features or on clinical, laboratory, radiologic
and endoscopic data. Lamivudine resistance mutations
(rtM204V/I or rtL180M) were detected using direct
sequencing assays or restriction fragment mass polymorphisms at baseline in all patients included in our study.
In the same manner, testing for adefovir resistance mutations was also performed in patients who exhibited virologic breakthrough during adefovir treatment. Prior to
July 2007, the quantitative analyses of serum HBV DNA
levels were conducted using a polymerase chain reaction
(PCR) assay (COBAS Amplicor HBV Monitor, Roche
Diagnostics, Indianapolis, IN, United States), which has
a lower detection limit of 60 IU/mL; thereafter, a realtime PCR assay (COBAS TaqMan HBV test, Roche Diagnostics, Indianapolis, IN, United States) with a lower
detection limit of 20 IU/mL was used.

formed for analysis. To evaluate differences in clinical
aspects prior to adefovir treatment between the “switch/
combination” group and the “add-on” group, continuous variables were compared using the two-sample t test,
and categorical data were compared using the χ 2 test.
The cumulative probabilities of virologic and biochemical responses, HBeAg seroclearance, and virologic and
biochemical breakthroughs were evaluated using KaplanMeier analysis. The log-rank test was used to evaluate
differences between the two groups. We identified independent factors associated with treatment outcomes
using the Cox proportional hazard model. Variables with
P values < 0.1 in the univariate analysis were included in
the multivariate analysis. P values < 0.05 were considered
statistically significant. All data were analyzed using the
Statistical Package for the Social Sciences (SPSS) for Windows (version 18, SPSS Inc., Chicago, IL, United States).

Definition
Virologic response was defined as a decrease in HBV
DNA to undetectable levels (HBV DNA < 60 IU/mL).
Biochemical response was defined as a decrease in the
serum ALT level to within the normal range. HBeAg
seroclearance was defined as the loss of HBeAg from
the serum with a decrease in serum HBV DNA to undetectable levels (HBV DNA < 60 IU/mL) in patients
who had been seropositive for HBeAg before the initiation of adefovir. We defined virologic breakthrough as
a confirmed increase in HBV DNA levels of more than
1 log10 IU/mL relative to the lowest HBV DNA levels
observed during treatment. Biochemical breakthrough
was defined as an increase in the serum ALT level above
the upper limit of normal on at least two occasions after
achieving normalization with treatment. Primary nonresponse was defined as a decrease of less than 2 log10
IU/mL in the HBV DNA level from baseline after six
months of treatment. Inadequate response was defined
as HBV DNA levels of 2000 IU/mL or greater after six
months of treatment.
We based our treatment strategy for the “switch/
combination” group on the roadmap concept, in which
clinicians decide whether to add lamivudine based on
the early treatment response after six months of adefovir monotherapy. However, if serum HBV DNA levels
at six months were lower than 60 IU/mL, patients were
regarded as having early treatment response and continued to receive adefovir monotherapy. However, if
serum HBV DNA levels at six months were 60 IU/mL
or higher, the response was considered inadequate, and
lamivudine was added to the treatment regimen. The
“switch/combination” group was then divided into subgroups A and B, in which the treatment strategy based
on the roadmap concept was either satisfied or not satisfied, respectively.

RESULTS
Baseline characteristics of the patients prior to adefovir
treatment
Of the 154 patients included in the study, 109 (70.8%)
were male, and 45 (29.2%) were female. The mean (±
SD) age of the entire sample was 45.5 ± 11.8 years. 110
patients (71.4%) were seropositive for HBeAg, and 65
(42.2%) had liver cirrhosis. The mean levels of serum
HBV DNA and ALT were 6.85 ± 1.01 log10 IU/mL and
200.1 ± 179.3 IU/L, respectively. The mean duration
of prior lamivudine treatment before the initiation of
adefovir was 28.5 ± 14.6 mo, and we conducted followup after the initiation of adefovir for an average of 33.8
± 14.1 mo (median, 33; range 12-66). The “switch/combination” group included 75 patients, and the “add-on”
group included 79 patients. The median durations of
follow-up in the “switch/combination” group and the
“add-on” group were 42 mo (range, 12-66) and 24 mo
(range, 12-36), respectively. At baseline, there were no
significant differences in the clinical and laboratory features between groups except for age and the presence of
liver cirrhosis (Table 1).
Treatment efficacy in the "switch/combination" group
and the "add-on" group
After the initiation of adefovir, virologic response was
achieved in 51 of 75 (68.0%) patients in the “switch/
combination” group during the follow-up period. In the
“add-on” group, 51 of 79 (64.6%) patients achieved virologic response. There were no significant differences in
the virologic response rate between the two groups (P =
0.249), with cumulative probabilities at the first and third
years of 41.3% and 68.2% in the “switch/combination”
group and 48.1% and 73.5% in the “add-on” group, respectively. In the multivariate analysis, however, virologic
response was found to be significantly more common in
the “add-on” group [hazard ratio (HR) = 1.646; 95%CI,

Statistical analysis
The serum HBV DNA levels were logarithmically trans-
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Table 1 Baseline characteristics of patients with lamivudineresistant chronic hepatitis B

Age (yr)
Male gender
BMI (kg/m2)
Positive for HBeAg
Positive for anti-HBe
HBV DNA (log10 IU/mL)
AST (IU/L)
ALT (IU/L)
Albumin (g/dL)
ALP (IU/L)
GGT (IU/L)
Total bilirubin (mg/dL)
Prothrombin time (INR)
Hemoglobin (g/dL)
WBC (/mm3)
Platelet (× 103/mm3)
BUN (mg/dL)
Creatinine (mg/dL)
Duration of prior
lamivudine treatment (mo)
Cirrhosis

"Switch/
combination"
2
group (n = 75)

"Add-on"
3
group
(n = 79)

P value1

43.3 ± 10.2
56 (74.7)
24.1 ± 5.1
57 (76.0)
19 (25.3)
6.75 ± 0.93
148.7 ± 134.5
230.1 ± 213.4
4.4 ± 0.5
83.4 ± 37.6
60.5 ± 42.9
1.2 ± 0.9
1.16 ± 0.29
14.5 ± 1.8
5279 ± 1771
156 ± 68
12.5 ± 3.1
0.97 ± 0.15
28.7 ± 13.6

47.6 ± 12.9
53 (67.1)
23.8 ± 3.2
53 (67.1)
25 (31.6)
6.94 ± 1.08
141.1 ± 148.3
199.5 ± 191.8
4.3 ± 0.6
76.8 ± 27.6
67.1 ± 71.1
1.4 ± 1.9
1.15 ± 0.19
14.2 ± 1.7
4972 ± 1374
145 ± 69
13.1 ± 4.4
0.92 ± 0.20
28.3 ± 15.5

0.022
0.301
0.583
0.221
0.386
0.233
0.742
0.351
0.166
0.211
0.494
0.425
0.825
0.345
0.233
0.283
0.325
0.110
0.886

25 (33.3)

40 (50.6)

0.030

Table 2 Multivariate analysis for factors of virologic response
(undetectable in polymerase chain reaction assay)
Variables
Male gender
HBeAg (+)
HBV DNA (log10 IU/mL)
AST (IU/L)
ALT (IU/L)
Duration of prior lamivudine
treatment (mo)
Inadequate response2
Treatment group3
"Add-on" vs "switch/combination"

HR

95%CI

P value1

0.958
0.668
0.810
1.000
1.000
1.011

0.621-1.477
0.415-1.077
0.644-1.018
0.998-1.002
0.999-1.002
0.998-1.024

0.846
0.098
0.071
0.955
0.606
0.112

0.121
1.646

0.069-0.212
1.080-2.510

< 0.001
0.021

1

P-values were calculated with the Cox’s proportional hazard model;
Variables with a P < 0.1 in the univariate analysis were included in the
multivariate analysis; 2Inadequate response was defined as serum HBV
DNA levels of 2000 IU/mL or greater at 6 mo of treatment; 3Patients
were divided into two treatment groups: the "add-on" group, in which
adefovir dipivoxil (adefovir) was added to ongoing lamivudine treatment
due to lamivudine resistance, and the "switch/combination" group, in
which lamivudine was first switched to adefovir and then re-added later
as needed. HBeAg: Hepatitis B e Antigen; HBV DNA: Hepatitis B virus
DNA; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
HR: Hazard ratio.

All values are expressed as mean ± SD or number of patients (%). 1P values
were calculated using the two-sample t test for continuous variables and
2
the χ test for categorical variables; 2Lamivudine was first switched to
adefovir dipivoxil (adefovir), and then lamivudine was re-added later as
needed in cases of primary non-response, inadequate response or virologic
breakthrough; 3Adefovir was added to ongoing lamivudine treatment
due to lamivudine resistance. BMI: Body mass index; HBeAg: Hepatitis B
e Antigen; Anti-Hbe: Antibody to HBeAg; HBV DNA: Hepatitis B virus
DNA; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
ALP: Alkaline phosphatase; GGT: γ glutamyl transpeptidase; INR:
International normalized ratio; WBC: White blood cell; BUN: Blood urea
nitrogen.

Cumulative probability of
virologic breakthrough

0.5

P = 0.008

0.4
“Switch/combination” group

0.3

0.2

0.1
“Add-on” group

1.080-2.510; P = 0.021] and less frequent in patients
with inadequate response (serum HBV DNA ≥ 2,000
IU/mL at 6 mo) (HR = 0.121; 95%CI, 0.069-0.212; P <
0.001) (Table 2).
Biochemical response was achieved in 143 of 154 patients (the “switch/combination” group vs the “add-on”
group: 92.0% vs 93.7%, respectively). There was no significant difference in the cumulative probability of biochemical response between the two groups (P = 0.190).
In the multivariate analysis, inadequate response was the
only independent factor associated with biochemical response (HR = 0.574; 95%CI, 0.402-0.820; P = 0.002).
Of our 110 patients who were HBeAg-positive at
baseline, HBeAg seroclearance was achieved in 28 of 57
(49.1%) in the “switch/combination” group and in 23
of 53 (43.4%) in the “add-on” group. The incidence of
HBeAg seroclearance did not differ significantly between
the two groups (P = 0.326). The cumulative probabilities
of seroclearance during the first and third years were
17.5% and 44.8% in the “switch/combination” group
and 13.2% and 62.4% in the “add-on” group, respectively. Inadequate response was the only independent
factor that was correlated with HBeAg seroclearance (HR
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Figure 1 Cumulative probabilities of virologic breakthrough in the two
treatment groups.

= 0.214; 95%CI, 0.109-0.419; P < 0.001).
Virologic and biochemical breakthroughs during
adefovir treatment were observed in 19 patients [17 of
75 (22.7%) in the “switch/combination” group and 2
of 79 (2.5%) in the “add-on” group] and 16 patients
(20.0% vs 1.3%), respectively. Both breakthroughs were
more common in the “switch/combination” group than
in the “add-on” group, according to the Kaplan-Meier
analysis (P < 0.05). The cumulative probabilities of virologic breakthrough at the first and third years were
2.7% and 23.2% in the “switch/combination” group and
0% and 3.8% in the “add-on” group (Figure 1). In the
multivariate analysis, the risk of virologic breakthrough
was significantly lower in the “add-on” group (HR =
0.130; 95%CI, 0.028-0.599; P = 0.009) and significantly
higher in patients with inadequate response (HR = 5.251;
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A

1.0

Cumulative probability of
virologic response

0.8

Group C

0.7

0.5
0.4
0.3

Group A vs group B; P < 0.001
Group A vs group C; P < 0.001
Group B vs group C; P < 0.001

0.1
0.0

Cumulative probability of
virologic breakthrough

HBeAg (+)
Albumin (g/dL)
ALP (IU/L)
PT (INR)
Platelet (× 103/mm3)
Cirrhosis
Duration of prior lamivudine
treatment (mo)
Inadequate response2
Treatment groups3
Group B vs group A
Group C vs group A

Group B

0.6

0.2

B

Table 3 Multivariate analysis for risk factors of virologic
breakthrough

Group A

0.9

0

12

24
36
48
Time to virologic response (mo)

60

72

0.5

95%CI

P value1

3.251
0.552
1.004
1.269
0.997
1.016
0.99

0.400-26.403
0.194-1.573
0.994-1.014
0.186-8.648
0.986-1.007
0.243-4.448
0.945-1.038

0.270
0.266
0.427
0.808
0.519
0.983
0.691

6.57

–1.517-28.458

0.668
0.096

0.149-2.984
0.015-0.629

0.012
0.029
0.597
0.015

1

0.4

P-values were calculated with Cox’s proportional hazard model;
Variables with a P < 0.1 in the univariate analysis were included in the
multivariate analysis; 2Inadequate response was defined as serum HBV
DNA levels of 2000 IU/mL or greater at 6 mo of treatment; 3Treatment
groups were divided into three groups according to the timing of the
drug combination; groups A and B represent the patients who followed
or violated the roadmap treatment strategy, respectively; group C
included those participants who were treated by adding adefovir
dipivoxil (adefovir) to ongoing lamivudine therapy. Roadmap treatment
strategy was supposed to initiate adefovir monotherapy first and then
add lamivudine later when serum HBV DNA levels were detectable (≥
60 IU/mL) at six months of treatment. HBeAg: Hepatitis B e antigen;
ALP: Alkaline phosphatase; PT: Prothrombin time; INR: International
normalized ratio; HR: Hazard ratio.

Group A

0.3

Group B

0.2
Group A vs group B; P = 0.465
Group A vs group C; P = 0.114
Group B vs group C; P = 0.002

0.1

Group C
0.0

HR

0

12

24
36
48
60
Time to virologic breakthrough (mo)

72

concomitant lamivudine), and 45 patients were included
in group B.
Patients in “switch/combination” group A were
more likely to experience virologic response than those
in group B (P < 0.001) or those in the “add-on” group
(group C) (P < 0.001) (Figure 2A). In contrast, the cumulative probability of virologic breakthrough was significantly lower in the “add-on” group (0% at the first
year, 3.8% at the third year) than in “switch/combination” group B (4.4% at the first year, 27.5% at the third
year) (P = 0.002) but was not lower than in “switch/
combination” group A (0% at the first year, 17.4% at the
third year, 38.0% at the fifth year) (P = 0.114) (Figure
2B). In the multivariate analysis, however, the risk of virologic breakthrough was significantly lower in the “addon” group than in “switch/combination” group A (HR
= 0.096; 95%CI, 0.015-0.629; P = 0.015) (Table 3).
In addition, patients with undetectable (< 60 IU/mL)
serum HBV DNA levels after six months of adefovir
monotherapy had cumulative probabilities of virologic
breakthrough of 15.7% and 36.7% at three and five
years of treatment, respectively, with continued adefovir
monotherapy based on the roadmap concept strategy.

Figure 2 A comparison of the cumulative probabilities of virologic response and viral breakthrough according to different treatment strategies
using adefovir dipivoxil in patients with lamivudine-resistant chronic
hepatitis B. Groups A and B represent the patients who followed or violated
the roadmap treatment strategy, respectively; Group C stands for those treated
by adding adefovir dipivoxil in addition to ongoing lamivudine therapy. The
roadmap treatment strategy was supposed to initiate adefovir monotherapy
first and then add lamivudine when serum HBV DNA levels were ≥ 60 IU/mL
at six months of treatment. A: There were significant differences in the cumulative probabilities of virologic responses between any two treatment groups (P <
0.001); B: The cumulative probability of virologic breakthrough was significantly
lower in group C than in group B (P = 0.002) but not lower than group A (P =
0.114). However, there was a significant difference between groups C and A in
the multivariate Cox’s regression model (Table 3).

95%CI, 1.684-16.371; P = 0.004).
Treatment efficacy in the "switch/combination" group
according to compliance with the treatment strategy
based on the roadmap concept
As mentioned above, we used a roadmap concept-based
treatment strategy, which recommends the addition of
lamivudine based on an early treatment response after
six months of adefovir monotherapy (< 60 IU/mL), for
patients in the “switch/combination” group. group A
included patients who were treated in accordance with
the roadmap strategy. group B was made up of patients
for whom the roadmap-dictated treatment strategy was
not followed. Thirty patients were included in group A
(27 maintained adefovir monotherapy, and 3 received
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Mutations conferring adefovir resistance
Testing for mutations conferring adefovir resistance was
performed in patients with primary non-response, inadequate response or virologic breakthrough during adefovir treatment. 28 (37.3%) and 6 (7.6%) patients were
tested for genotypic resistance to adefovir in the “switch/
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ter three years[27]. By contrast, when adefovir was added
to ongoing lamivudine therapy, the rate of resistance to
adefovir was just 0%-2% at two years and 4.4% at four
years[18,19,21]. In addition, as time passed, the proportion
of patients who maintained undetectable serum HBV
DNA levels and serum ALT levels within the normal
range was greater in the combination therapy group than
in the adefovir monotherapy group[21]. Therefore, when
lamivudine resistance was detected, we prescribed combination therapy as soon as possible. In patients already
receiving adefovir monotherapy, we added lamivudine
only when an incomplete response was observed.
In the present study, we found that the cumulative
probability of virologic breakthrough at three years was
just 3.8% in the “add-on” group compared with 23.2%
in the “switch/combination” group. Upon multivariate
analysis, we confirmed that the probability of virologic
response (serum HBV DNA < 60 IU/mL) was significantly higher and that the risk of virologic breakthrough
was significantly lower in the “add-on” group than in
the “switch/combination” group. These results suggest
that adding adefovir to lamivudine may be the most appropriate treatment currently available for patients with
lamivudine resistance in Korea. However, many patients
do not have access to combination therapy because of
its cost. Therefore, from a cost-effectiveness point of
view, a treatment strategy based on the roadmap concept
is worth considering.
The roadmap concept was originally proposed for
treatment-naive patients after researchers realized that
early virologic suppression during antiviral treatment was
closely related to long-term therapeutic efficacy and the
development of viral resistance to a drug[22]. However, a
recent study of the outcomes of adefovir rescue monotherapy suggested that the roadmap concept might also
be applicable in patients with lamivudine resistance[26].
Our study also found that early treatment responses (at
six months) in patients with lamivudine-resistant CHB
were strongly correlated with long-term therapeutic outcomes, such as virologic response, biochemical response
and HBeAg seroclearance.
In this study, there was a significant difference in the
rate of treatment response between the “switch/combination” and “add-on” groups. However, this result could
not be interpreted to indicate that the add-on combination treatment was superior to a stepwise combination
treatment based on the roadmap concept because the
“switch/combination” group included many patients
whose treatment was not based on the roadmap concept. To address this question, we divided the “switch/
combination” group into two sub-groups depending on
whether the participants received treatment based on the
roadmap concept, and then we compared the treatment
outcomes in these subgroups with those in the “add-on”
group. We found that the cumulative probability of virologic response was significantly better in the subgroup
whose treatment conformed to the roadmap concept

Table 4 Patterns of genotypic resistance to adefovir dipivoxil
in patients with lamivudine-resistant chronic hepatitis B
Mutation pattern
rtA181V
rtA181T
rtA181V + rtA181T
rtN236T
rtA181V + rtN236T
rtA181T + rtN236T
Total, n (%)

"Switch/combination"
1
group (n = 75)

"Add-on" group
(n = 79)

2
3
0
3
1
1
10 (13.3)

0
1
1
0
0
0
2 (2.5)

2

rtA181V, alanine to valine substitution at rt181; rtA181T, alanine to threonine substitution at rt181; rtN236T, asparagine to threonine substitution
at rt236. 1Lamivudine was first switched to adefovir dipivoxil (adefovir),
and then lamivudine was re-added later as needed in case of primary nonresponse, inadequate response, or virologic breakthrough; 2Adefovir was
added to ongoing lamivudine treatment due to lamivudine resistance.

combination” group and the “add-on” group, respectively. Among these patients, adefovir resistance mutations were detected in 10 and 2 patients in the “switch/
combination” and “add-on” groups, respectively (Table
4). Adefovir resistance mutations were only identified in
6 (40%) of 15 patients with virologic breakthrough (5 of
13 in the “switch/combination” group and 1 of 2 in the
“add-on” group).
Nephrotoxicity due to adefovir
After initiating adefovir therapy, increased serum creatinine levels (> 1.2 mg/dL and an increase of over 20%
from baseline) were observed more than once in 9 of
154 patients (5.8%). Of 4 patients with elevated serum
creatinine levels (> 1.2 mg/dL) at baseline, 2 showed a
greater than 20% increase from baseline.
9 of 154 patients (5.8%) had hypophosphatemia at
least once during adefovir treatment, and 5 experienced
the condition at least twice. Of these 5 patients, 3 recovered from hypophosphatemia after taking oral KH2PO4.
In 3 patients (1.9%), increased serum creatinine and
hypophosphatemia were both observed, and one of the
participants showed severe hypophosphatemia, with levels less than 1.5 mg/dL.

DISCUSSION
Despite the high incidence of resistance, lamivudine is
still prescribed for the treatment of CHB because of its
low cost relative to other available drugs. Therefore, the
treatment of lamivudine-resistant CHB will remain a
clinical challenge in the field of hepatology for the foreseeable future.
In South Korea, we are currently able to use adefovir
or entecavir to treat patients with lamivudine resistance.
Approximately 40% of patients with lamivudine resistance develop resistance to adefovir monotherapy after
four years of treatment[21]; patients receiving entecavir
monotherapy exhibited resistance at a rate of 35.9% af-
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(group A) than in the “add-on” group. However, the
multivariate analysis showed that the risk of virologic
breakthrough was significantly higher in group A than
in the “add-on” group, with three-year cumulative probabilities of 17.4% and 3.8%, respectively. Even if the
serum HBV DNA became undetectable (< 60 IU/mL)
following six months of adefovir monotherapy, the cumulative probability of virologic breakthrough reached
15.7% and 36.7% at three and five years of treatment,
respectively, when adefovir monotherapy was continued
based on the roadmap strategy. These results suggest
that the roadmap concept-based treatment strategy,
which initiates adefovir first and adds lamivudine back
to the treatment regimen depending on the treatment
response at six months, should not be recommended
for patients with lamivudine-resistant CHB. Of course,
because the longest follow-up duration in our “add-on”
group was only 36 mo, the resistance rate in the “add-on”
group might increase as time passes. However, that possibility appears to be very low, given that the resistance
rate at 48 mo in the “add-on” group was just 4% in two
previous studies[18,21].
Adefovir resistance mutations were identified in only
40% of patients with virologic breakthrough in this
study. This finding might be explained by the following:
First, it is possible that virologic breakthrough developed
following low drug compliance among patients without
mutations. Second, lamivudine-resistant HBV may be
decreased by the use of adefovir; at the same time, however, the wild-type HBV, which does not respond well
to adefovir, might exhibit increased growth. These two
processes may lead to virologic breakthrough. Third,
these findings might be due to methodological problems
regarding the analysis of genetic variations.
In this study, HBV genotyping was not performed
because almost all patients with CHB (> 95%) in Korea
are infected with HBV genotype C[28-31]. In addition, previous studies have not shown any relationship between
HBV genotype and response to nucleos(t)ide analogs[32].
Therefore, the routine genotyping of HBV appears to
be uninformative in predicting therapeutic outcome, and
genotyping might be meaningless for Korean patients
with CHB.
Nephrotoxicity is a well-known side-effect of adefovir. In the present study, we investigated two of the primary nephrotoxic side-effects that can be caused by adefovir. Serum creatinine levels were increased in 5.8% of
patients after initiating adefovir in this study. This figure
is similar to that reported in other studies[13,17-19]. Some
case reports have found that adefovir can induce Fanconi syndrome or hypophosphatemic osteomalacia[33-35]. In
this study, 5.8% of patients showed hypophosphatemia,
and some of them required the administration of oral
KH2PO4. Therefore, clinicians must monitor these side
effects more thoroughly in case patients require further
treatment. Although the mechanism of nephrotoxicity
due to adefovir has not been clearly determined, it is
thought to occur mainly in the proximal tubule of the
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kidney. As a nucleotide analog, adefovir might serve as
a substrate for DNA polymerase γ, which is responsible
for the replication of mitochondrial DNA (mtDNA).
Thus, adefovir is thought to inhibit mtDNA replication
and impair cellular oxidative respiration[36,37]. In addition,
the over-expression of renal tubular transporters, which
increases the intracellular concentration of the drug, is
implicated in adefovir nephrotoxicity[38-40].
In conclusion, our study reaffirmed that the ab initio
combination of adefovir with lamivudine was more effective than switching to adefovir monotherapy in a stepwise fashion in patients with lamivudine-resistant CHB.
Although early treatment response is closely related to
long-term efficacy, stepwise combination therapy based
on the roadmap concept carries a higher risk of virologic breakthrough than initiating combination therapy
from the beginning of treatment.

COMMENTS
COMMENTS
Background

Lamivudine is still being used in many patients with chronic hepatitis B (CHB)
due to its lower cost, despite its higher risk of promoting viral resistance. Adefovir dipivoxil (adefovir) has been used to treat lamivudine-resistant CHB. It is
known that the combination of adefovir with lamivudine results in a lower rate
of resistance than adefovir monotherapy in patients with lamivudine-resistant
CHB. Due to the high cost of combination therapy, however, adefovir is frequently initiated as a monotherapy, with lamivudine added back to the treatment
regimen later as needed.

Research frontiers

A recent study suggested the potential usefulness of response-guided adefovir monotherapy based on the roadmap concept in patients with lamivudineresistant CHB. However, no study has compared the effectiveness of responseguided stepwise combination therapy with that of ab initio combination therapy.

Innovations and breakthroughs

This study aimed to compare the long-term efficacies of various treatment strategies including adefovir in patients with lamivudine-resistant CHB, with a focus
on whether long-term efficacy differs between patients treated in accordance
with the roadmap concept and those treated with combination therapy from
the start of treatment. The results suggest that, although an early virologic response helps to predict long-term efficacy, the treatment strategy conforming to
the roadmap concept carries a higher risk of virologic breakthrough than does
initiating combination therapy from the beginning of treatment.

Applications

For patients with lamivudine-resistant CHB, adefovir should be used ab initio
in combination with ongoing treatment with lamivudine rather than switching to
adefovir monotherapy with the later addition of lamivudine.

Terminology

The roadmap concept: The roadmap concept is a treatment strategy that is
used to individualize ongoing antiviral management based on early treatment
responses to minimize resistance and improve long-term efficacy.

Peer review

The authors present the results for 154 lamivudine-resistant CHB patients
treated with adefovir and the long-term efficacies of various treatment strategies. The study is well designed, and the manuscript is well written.
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RESULTS: All the patients had been treated with LAM
and developed genotypic and phenotypic resistance
to it. Resistance to ADV was present in 7 patients and
10 subjects had a resistance to ETV. One patient had
a resistance to both ADV and ETV. The cumulative
probabilities of CVR at 12 and 24 mo of TDF containing treatment regimen calculated by the Kaplan Meier
method were 86.2% and 96.6%, respectively. Although
one patient failed to achieve CVR, serum HBV DNA
level decreased by 3.9 log IU/mL from the baseline and
the last serum HBV DNA level during treatment was 85
IU/mL, achieving near CVR. No patients in this study
showed viral breakthrough or primary non-response
during the follow-up period. The cumulative probability
of HBeAg clearance in the 27 HBeAg positive patients
was 7.4%, 12%, and 27% at 6, 12, and 18 mo of
treatment, respectively. Treatment efficacy of TDF containing regimen was not statistically different according
to the presence of specific HBV mutations. History of
prior exposure to specific antiviral agents did not make
a difference to treatment outcome. Treatment efficacy
of TDF was not affected by combination therapy with
LAM or ETV. No patient developed renal toxicity and no
cases of hypophosphatemia associated with TDF therapy were observed. There were no other adverse events
related to TDF therapy observed in the study subjects.

Abstract
AIM: To evaluate the efficacy and safety of tenofovir
disoproxil fumarate (TDF) for chronic hepatitis B (CHB)
patients after multiple failures.
METHODS: A total of 29 CHB patients who had a
suboptimal response or developed resistance to two
or more previous nucleoside/nucleotide analogue (NA)
treatments were included. Study subjects were treated
with TDF alone (n = 13) or in combination with lamivudine (LAM, n = 12) or entecavir (ETV, n = 4) for ≥ 6
mo. Complete virologic response (CVR) was defined as
an achievement of serum hepatitis B virus (HBV) DNA
level ≤ 60 IU/mL by real-time polymerase chain reaction method during treatment. Safety assessment was
based on serum creatinine and phosphorus level. Eleven patients had histories of LAM and adefovir dipivoxil
(ADV) treatment and 18 patients were exposed to LAM,
ADV, and ETV. Twenty-seven patients (93.1%) were
hepatitis B e antigen (HBeAg) positive and the mean
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CONCLUSION: TDF can be an effective and safe rescue therapy in CHB patients after multiple NA therapy
failures.
© 2012 Baishideng. All rights reserved.
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12 mo with TDF plus LAM therapy[7].
Many CHB patients in Korea have undergone sequential treatment with LAM, ADV, and/or entecavir (ETV)
at 1 mg to manage antiviral resistance or insufficient suppression of HBV DNA and they have begun to emerge
as an important and difficult issue for clinicians[8]. However, the efficacy of TDF treatment in such patients with
previous treatment failures using multiple NAs, including
ETV, is not well known. Multiple treatment failures of
NAs in CHB patients are not limited to Korea; it is considered to be a global problem. In this study, we evaluated
the efficacy and safety of a TDF containing treatment
regimen in CHB patients after the failure of multiple NA
therapies.

Peer reviewer: Masahiro Arai, MD, PhD, Department of Gastroenterology, Toshiba General Hospital, 6-3-22 Higashi-ooi,
Shinagawa-ku, Tokyo 140-8522, Japan
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patients after multiple treatment failures. World J Gastroenterol
2012; 18(47): 6996-7002 Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/i47/6996.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i47.6996

INTRODUCTION
Nucleoside/nucleotide analogues (NAs), which inhibit
reverse transcription of hepatitis B virus (HBV) polymerase, are an important class of drugs that changed the
treatment paradigm and prognosis of chronic hepatitis B
(CHB). Oral NA therapy has advantages over interferon
therapy due to its potent antiviral effects, good tolerance,
lower side-effect profile, and convenience[1,2]. However,
the development of antiviral resistance to the drug is the
major limitation of NA therapy and frequently leads to
treatment failure. The development of drug resistance
begins with mutations in the polymerase gene, followed
by viral breakthrough, biochemical breakthrough, clinical
deterioration, and even progressive liver failure. Favorable effects obtained by NA therapy are lost in patients
who developed antiviral resistance. Today, an increasing
number of patients experience multiple NA treatment
failures, especially when they are sequentially treated
with drugs that have similar characteristics[3]. To achieve
sustained suppression of HBV replication and remission of liver disease, successful management of CHB
patients who developed treatment failure due to antiviral
resistance or incomplete inhibition of viral replication is
critical.
Tenofovir disoproxil fumarate (TDF) is an oral NA
with the most potent activity against HBV and a high genetic barrier that has been approved in the United States
and Europe for the treatment of CHB since 2009. In
treatment-naive patients, viral resistance to TDF was not
detected after up to 144 wk of therapy, and persistent
viremia through week 144 was only 0.8%, mostly due to
poor compliance[4]. TDF has also shown efficacy in NA
experienced patients with various results. TDF monotherapy in patients with prior failure or resistance to two
or more NAs showed a 79% viral suppression rate at 23
mo of treatment[5]. In another study, TDF rescue therapy
following lamivudine (LAM) and adefovir dipivoxil (ADV)
treatment failure achieved a viral suppression rate of only
46% at 48 wk and 64% at 96 wk of treatment[6]. However, experience with TDF in Asian countries, including
Korea, is limited because this drug has not yet been approved for the treatment of CHB in this region of the
world. A single report of six South Korean patients with
prior LAM and ADV treatment failure stated that complete virologic suppression was achieved in all patients at
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MATERIALS AND METHODS
Subjects
CHB patients with failures of two or more previous NA
therapies were treated with TDF containing regimens for
at least 6 mo. The TDF containing regimens included
TDF monotherapy (300 mg/d), or combination therapy
with LAM (100 mg/d) or ETV (1 mg/d). Failures of previous NA therapies included suboptimal viral suppression
(serum HBV DNA level > 2000 IU/mL despite continued therapy for more than 1 year) or the development
of resistance. Exclusion criteria were coinfection with
human immunodeficiency virus or hepatitis C virus, and
history of underlying renal problems. Since TDF is not
approved for use with CHB patients in Korea, informed
consent was obtained from all subjects. The study protocol was approved by the Institutional Review Board of
Samsung Medical Center (IRB file number: 2011-06-027)
and was conducted in accordance with the principles of
the Declaration of Helsinki.
Laboratory and clinical assessment
Serum HBV DNA, hepatitis B e antigen (HBeAg), antihepatitis B e antibody, alanine aminotransferase, creatinine, and phosphorus levels were recorded every 3 mo.
All data were collected from medical records and analyzed retrospectively.
Definition of treatment response
The mean reduction of HBV DNA levels was assessed
during treatment. Complete virologic response (CVR)
was defined as a decrease of serum HBV DNA ≤ 60
IU/mL. The primary non-response was defined as a decrease in serum HBV DNA of less than 2 log IU/mL at
24 wk of therapy. Viral breakthrough (BT) was defined
as an increase of HBV DNA > 1 log IU/mL from nadir during TDF treatment. HBeAg clearance included
HBeAg loss or seroconversion to anti-HBe.
Safety assessment
The safety assessment was based on the development
of renal toxicity or hypophosphatemia. Renal toxicity
was defined when the estimated glomerular filtration
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tailed demographics of the patients are presented in
Table 1. The median age was 56 years (range 22 to 63
years) and 72.4% were male. Twenty-seven patients were
HBeAg positive (93.1%) and the mean baseline serum
HBV DNA level was 5.5 log IU/mL ± 1.7 log IU/mL.
Eleven patients (37.9%) had been exposed to LAM and
ADV, and 18 (62.1%) subjects had been additionally
exposed to ETV. TDF treatment alone was used in 13
subjects (44.8%), with LAM in 12 (41.4%), or with ETV
in 4 (13.8%). The median treatment duration of the TDF
containing regimen was 16 mo (range 7 to 29 mo).
More detailed information about prior NA therapy
history and genotypic resistance profiles is described in
Table 2. All patients had been treated with LAM at first,
and then developed a resistance to it. In LAM and ADV
experienced patients, ADV was used as a sequential or
add-on therapy in an attempt to suppress LAM resistant
strains; however, the patients developed viral BT with or
without genotypic resistance to ADV, or showed suboptimal viral response. In LAM, ADV, and ETV experienced
patients, patients were moved to an 1 mg ETV regimen,
due to the failure of sequential or add-on ADV therapy.
10 out of these 18 patients were confirmed to have genotypic resistance to ETV (Table 2).

Table 1 Baseline clinical characteristics of the subjects (n =
29)
Characteristics
Age, yr, median (range)
Male, n (%)
HBeAg positive, n (%)
Serum HBV DNA, log IU/mL,
mean ± SD
ALT, U/L, median (range)
Prior exposed NAs
LAM + ADV, n (%)
LAM + ADV + ETV, n (%)
Treatment duration or prior NAs, mo,
median (range)
Treatment regimen
TDF/TDF+ LAM/TDF + ETV, n (%)
Treatment duration of TDF, mo,
median (range)
Serum creatinine, mg/dL, median
(range)
Serum phosphorus, mEq/dL, median
(range)

56 (22-63)
21 (72.4)
27 (93.1)
5.5 ± 1.72
47 (12-763)
11 (37.9)
18 (62.1)
66 (28-125)

13 (44.8)/12 (41.4)/4 (13.8)
16 (7-29)
0.93 (0.6-1.16)
3.3 (2.8-4.4)

ADV: Adefovir dipivoxil; ALT: Alanine aminotransferase; ETV: Entecavir;
HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; LAM: Lamivudine;
NA: Nucleoside/nucleotide analogue; TDF: Tenofovir disoproxil fumarate.

Virologic response
The cumulative probability of CVR during the treatment
period is presented as a Kaplan-Meier curve (Figure 1).
The probability of CVR was 86.2% at 12 mo and 96.6%
at 24 mo of treatment. In this study, only one patient did
not achieve CVR with TDF treatment. The detailed clinical course of this patient is given in Figure 2. This patient
underwent sequential therapy with LAM, ADV, and ETV
at 1 mg: however, the development of resistance and suboptimal viral suppression led to treatment failure. TDF
monotherapy was introduced and maintained for 24 mo.
Even though the patient did not reach CVR, the patient’s
serum HBV DNA decreased to 85 IU/mL with a reduction of 3.9 log IU/mL, therefore becoming near CVR.
No patient in this study developed primary non-response
or viral BT during follow-up.
To define whether there is any difference in the rates
of CVR according to prior exposures to antiviral agents,
genotypic resistance profile, or TDF monotherapy vs
combination therapy with LAM or ETV, the CVR rates
were compared according to these variables using a logrank test. There were no significant differences between
patients with prior exposure to LAM and ADV vs LAM,
ADV, and ETV (P = 0.93). Genotypic resistance to ADV
(rtA181V/T or rtN236T) and resistance to ETV did not
affect CVR rates (P = 0.99 and 0.14, respectively). TDF
monotherapy, or in combination with other NAs, was not
related to the achievement of CVR (P = 0.19).

rate (eGFR) decreased by more than 20% from baseline.
Calculation of eGFR was performed with this formula:
eGFR = (140-age) × weight (kg) (× 0.85 if female)/(72 ×
serum creatinine). Investigation of other adverse events
was performed by review of medical records.
Virologic assay
Serum HBV DNA level was determined by real-time
polymerase chain reaction (PCR) assay, using the COBAS
TaqMan HBV quantitative test (Roche Molecular System
Inc., Branchburg, NJ, United States), which has a lower
limit of detection at 9 IU/mL. To identify mutations
associated with resistance in the gene encoding HBV
polymerase, PCR amplification and direct sequencing was
performed in a single reference laboratory as previously
described[9].
Statistical analysis
To describe continuous variables with normal distributions, the mean ± SD was used. Continuous variables
without normal distributions were expressed as the median with range. Cumulative probability of CVR during the
treatment period was calculated using the Kaplan-Meier
method and comparison between groups was performed
with a log-rank test. P values less than 0.05 were considered statistically significant. All data were analyzed using
SPSS (version 15.0; Chicago, IL, United States).

Serologic response
Cumulative probability of HBeAg clearance was calculated with the Kaplan-Meier method. The rate of HBeAg
clearance in the 27 HBeAg positive patients was 7.4%,

RESULTS
Baseline characteristics of the study subjects
A total of 29 patients were included in the study. De-
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Table 2 Summary of prior nucleotide analogue treatment regimens and genotypic resistance analysis
Treatment history

LAM resistance

LAM→ADV

rtM204V/I ± rtL180M
± rtV173L

LAM→LAM + ADV

ETV resistance

Outcome

n

None
rtA181V/T
None
rtN236T,rtN238A
rtA181V/T

None

No VR
Viral BT
No VR
Viral BT
No VR

None

rtT184L + rtI169T
rtT184S
rtS202G
rtS202G + rtV207I
rtS202G + rtT184A
None

Viral BT

None

No VR

rtS202G
rtS202G + rtV207I

Viral BT

1
1
6
1
2
1
2
3
1
1
5
2
1
1
1

ADV resistance

LAM→ADV→LAM + ADV

LAM→ADV→ETV
rtM204V/I ± rtL180M
rtA181V/T
None
rtN238H
None

LAM→LAM+ADV→ETV

ADV: Adefovir dipivoxil; BT: Breakthrough; ETV: Entecavir; LAM: Lamivudine; VR: Virologic response.

8
Serum HBV DNA log IU/mL

Cumulative probability of
complete virologic response

1.0
0.8
0.6
0.4

7
6

LAM

ADV

ETV 1 mg
rtA181V/T

rtM204VI

5
4
3
2
1
0
-66 -60 -54 -48 -42 -36 -30 -24 -18 -12 -6
Months of treatment

0.2

TDF

0

6

12 18 24

0.0
0

6

12
18
Months of treatment

24

Figure 1 Probability of complete virologic response during the treatment
period.

12%, and 27% at 6, 12, and 18 mo of treatment, respectively.

therapy with ETV, a newer generation NA, has been attempted to counteract LAM resistance. Despite good
treatment efficacy and low levels of ETV resistance in
treatment naive patients, rescue therapy in LAM resistance patients revealed that the treatment was less effective and had a higher rate of resistance[14,15]. Sequential
therapies with multiple NAs in this manner can promote
selection for multidrug-resistant strains of HBV and frequently leads to viral BT or inadequate viral response[3].
As a result, increased numbers of CHB patients with NA
(mostly LAM and ADV, or ETV) treatment failures are
becoming a global problem.
TDF is an oral NA that has been used for the treatment of human immunodeficiency virus infection and is
approved for the treatment of CHB in the United States
and Europe[16]. Owing to its potent antiviral activity and
high genetic barrier to the development of resistance
for up to 3 years as determined in phase 4 clinical trials[4,17], TDF is now recommended as a first-line therapy
for HBV infected patients in recently published guide-

Safety analysis
No patient developed renal toxicity, defined as a decrease
of eGFR more than 20% from baseline. No cases of
hypophosphatemia associated with TDF therapy were
observed. There were no other adverse events related to
TDF therapy observed in the subjects.

DISCUSSION
The management of CHB has improved markedly over
the last decade, primarily due to the availability of oral
NA therapy. LAM was the first NA approved for CHB
in 1998 and has been used extensively for treatment since
that time. However, resistance to LAM occurs frequently
and is observed in up to 80% of patients treated for 5
years[10]. When sequential ADV monotherapy was introduced to these patients, ADV resistance was found in up
to 21% of the patients after 1 to 2 years[11-13]. Sequential
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Figure 2 Detailed clinical course of a patient who did not achieve complete
virologic response. The patient had undergone sequential therapy with lamivudine (LAM), adefovir (ADV), and entecavir (ETV) at 1 mg and developed sequential resistance and suboptimal viral suppression leading to treatment failure.
Although tenofovir disoproxil fumarate (TDF) monotherapy was not able to result
in complete virologic response (CVR), serum hepatitis B virus DNA levels were
decreased to 85 IU/mL with a reduction of 3.9 IU/mL, accomplishing near CVR.
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lines[1,18].
The efficacy of TDF in the treatment of prior NA
refractory HBV infection has also been evaluated. TDF
showed an excellent antiviral activity on LAM resistant
virus independently of the resistance mutation profile in
vitro[19]. In patients with LAM resistant CHB, treatment
with TDF was well tolerated without significant adverse
events such as renal toxicity. Treatment resulted in a median decline of 4.5 log copies/mL in HBV DNA levels
after median treatment duration of 12 mo[20]. TDF alone,
or combined with LAM, exerted a greater viral reduction
than ADV for LAM-resistant HBV infection without
developing phenotypic resistance, and showed a high
antiviral efficacy in patients with LAM resistance and an
inadequate response during therapy with ADV[21-23]. TDF
plus LAM therapy improved the Child-Pugh score in
decompensated liver cirrhosis patients with multiple NA
treatment failures[7].
This current study included 29 patients with a prior
history of treatment failure with two or more NAs. Treatment with a TDF containing regimen in these subjects
resulted in 86.2% of CVR at 12 mo and 96.6% at 24 mo
of treatment. A distinctive feature of our study is that we
included 18 patients who had failed treatment with ETV
at 1 mg in addition to LAM and ADV. A retrospective
multicenter study conducted by van Bömmel et al[5] included only 3 patients who had failed ETV therapy; two who
had been only ETV experienced and one who had been
treated with sequential LAM and ETV at 1 mg. ETV has
an extremely high anti-HBV suppressive effect and very
low chance of resistance emergence at only 1.2% after 5
years in treatment-naive subjects[24]. In this study, among
the 18 patients who failed multiple NA treatments including LAM, ADV, and ETV, 17 patients achieved CVR and
one patient showed a viral reduction of 3.9 log IU/mL,
nearly reaching CVR. Genotypic resistance to EVT did
not affect the probability of CVR. Based on these results,
it can be suggested that the strong antiviral activity of
TDF is also valid in ETV failed CHB patients.
Patterson et al[6] reported 64% of CVR rate at 96 wk
of TDF rescue therapy in CHB patients following failures of both LAM and ADV treatment. 21 of the 60 patients had baseline ADV resistance (14 patients with the
rtA181T/V mutation and 7 patients with the rtN236T
mutation), and the authors concluded that the viral response was independent of mutations conferring ADV
resistance. However, in another study, the presence of
ADV resistance was considered to decrease the efficacy
of TDF. During the observation period, the probability
of achieving HBV DNA levels below 400 copies/mL
was 52% for patients with ADV resistant variants and
100% for those without[5]. In the current study, 6 patients
had genotypic resistance to ADV. Although one patient
with the rtA181V/T mutant strain did not reach CVR,
resistance to ADV did not influence CVR during the
treatment period. The effect of ADV resistance on the
antiviral efficacy of TDF cannot be concluded from the
results of this study because of the small sample size,
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and is an area that should be explored in further research.
However, considering that in vitro cross resistance of
ADV and TDF has been described previously[25-27], the
possibility of altered response to TDF in CHB patients
with genotypic resistance to ADV should be considered.
The ultimate goal of CHB therapy is to prevent cirrhosis, hepatic failure, hepatocellular carcinoma, and
death. This goal can be achieved by the complete and
sustained suppression of HBV replication. Therefore, the
primary aim of treatment in chronic HBV infection is to
suppress HBV replication to an undetectable level[1,18,28],
leading to decreased infectivity and pathogenicity of the
virus and resulting in reduced hepatic necroinflammation[29]. Viral BT resulting from resistance or insufficient
suppression of HBV DNA due to the use of a less
potent drug can result in failure to completely suppress
HBV DNA. After the availability of ETV and TDF, NAs
with potent antiviral activity and a high genetic barrier,
insufficient viral suppression or resistance in treatment
naive patients is not common. However, in the era when
these drugs with a high genetic barrier were not available, the majority of patients started therapy with LAM
and subsequently received ADV and/or ETV to manage LAM resistance. Many of these patients developed
resistance to ADV or ETV and remained viremic despite
prolonged treatment [11-15,22]. Multiple failures of NA
therapies are a growing and global problem, especially
in some parts of Asia, where the use of LAM remains
common due to the high prevalence of CHB and generics are available at a low cost[30]. In the present study, we
have demonstrated the high efficacy of a TDF containing
regimen in patients with sequential resistance to multiple
NAs, and that TDF containing regimens are effective and
safe rescue therapies for CHB patients after multiple failures with NAs.
Treatment efficacy, evaluated as CVR, did not differ
in patients treated with TDF alone or in patients treated
with combination therapy with LAM or ETV. Generally,
combination therapy of drugs that are not in the same
cross-resistance group is recommended for the management of resistant strains[1,3,18]. However, since TDF
monotherapy without other NAs was also effective without viral BT after approximately 2 years of follow-up[5], it
is questionable as to whether combination therapy with
this strong antiviral agent is really necessary when considering the cost and potential adverse effects of combination therapy. As such, further studies are necessary to
explore these results.
This study has some limitations. The number of
subjects included was not large enough (n = 29) and the
follow-up period was relatively short (median 16 mo).
Nevertheless, the patients in this study represent the most
difficult-to-treat population in the management of CHB.
Further studies with larger sample sizes are necessary to
remedy these shortcomings and to elucidate the longterm outcome of TDF treatment. Although the genotype
of HBV could be a factor affecting the treatment efficacy
of antiviral agents, we did not perform an analysis of the
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genotype. However, previous studies have documented
that almost all HBV infected patients in Korea have
genotype C; constituting 98%-100% of HBV infected
patients[31-33]. Therefore these results could be applicable
to our study patients, and can represent the genotype C
HBV infected patients.
In conclusion, a TDF containing treatment regimen
suppressed HBV DNA in CHB patients with multiple
treatment failures of NA therapy, regardless of genotypic
resistance or treatment regimen. TDF can be an effective
and safe rescue therapy for these patients.
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The excellent treatment efficacy of tenofovir disoproxil fumarate (TDF) in treatment naive chronic hepatitis B (CHB) has been documented in various clinical
studies. However, data on its role in CHB patients with prior treatment failure to
other oral anti-viral agent is insufficient.

10

Research frontiers

TDF has shown efficacy in nucleoside/nucleotide analogue (NA) experienced
patients with various results outside of Asia. A single report including six South
Korean patients with prior treatment failure to lamivudine (LAM) and adefovir
stated that a complete virologic suppression was achieved in all patients at 12
mo with a TDF containing regimen, and this has been the only study of its type
conducted in Asian country.
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Innovations and breakthroughs

Many CHB patients in Asian countries develop sequential antiviral resistance
to oral anti-viral agents or develop insufficient suppression of hepatitis B virus
(HBV) DNA, which has begun to emerge as an important and difficult issue for
clinicians. In this study, the authors documented the efficacy and safety of a
TDF rescue therapy in Asian CHB patients after failure of multiple NA therapies.
The efficacy was not affected by genotypic resistance or prior exposure to a
specific agent.
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Applications

After documenting the efficacy and safety of TDF regimen in CHB patients with
multiple NA treatment failure, the authors suggest the possibility of using TDF
as a rescue therapy for CHB patients, even whose with prior entecavir therapy
failure.
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Peer review

The authors evaluated the efficacy and safety of a TDF treatment for CHB patients after failures of multiple NA therapies, and showed that TDF successfully
suppressed HBV DNA levels in these patients. The study is very important, as
the authors stated in the manuscript, in some countries where LAM treatment is
still common due to financial problems.
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RESULTS: The study included 201 HCV-genotype 4
patients. The majority of patients were men (89.6%),
with a median age of 47 years, inter-quartile range
(40-51). Approximately 62.5% of patients had ETR,
and 49.6% had SVR. Individuals who achieved SVR
2
were more likely to be younger (χ = 4.91, P = 0.027),
2
and less likely to have fibrosis (χ = 15.54, P < 0.0001),
2
or inflammation (χ = 7.58, P = 0.006). The genotype
distribution of rs12979860 was 36.2%, 49.0% and
14.8% for genotypes CC, CT, and TT, respectively. In
these participants, rs12979860 genotype distribution
did not differ by gender (P = 0.466), pretreatment viral
load (P = 0.600), inflammation (P = 0.435), or fibrosis (P = 0.291). The frequencies of IL28B rs12979860
genotypes were TT (14.8%), CT (49.0%), and CC
(36.2%). Compared to rs12979860 genotype TT, aORs
(95%CI) for ETR and SVR were: CC genotype, [17.55
(5.34-57.69) and 5.92 (2.09-16.76), respectively]; CT
genotype, [5.15 (1.80-14.78) and 2.48 (0.94-6.52),
respectively]. In the current study, the patients who
did not achieve ETR or SVR had a lower prevalence of
rs12979860 CC (17.4% and 23.3%, respectively) than
individuals who had ETR or SVR (47.9% and 47.2%,
respectively). Individuals with rs12979860 CC genotype
had approximately 6 times the odds of SVR compared
to individuals with TT genotype (aOR = 5.92; 95%CI:
2.09-16.76). Similarly, patients with CT genotype had
SVR more often than patients with TT genotype (aOR
= 2.48; 95%CI: 0.94-6.52). Carrying at least one
copy of the C allele (genotypes CT and CC ) had almost 8 times the probability of ETR compared to those
with genotype rs12979860 TT (aOR = 7.87; 95%CI:
2.84-21.82), and approximately 3 times the odds of
SVR compared to those with genotype rs12979860 TT
(aOR = 3.46; 95%CI: 1.37-8.74). In addition, data
were consistent with a significant gene-dose relationship (aOR = 4.05/allele; 95%CI: 2.27-7.22). The association between rs12979860 genotype and SVR was

Abstract
AIM: To investigate the association between interleukin-28B (IL28B ) genotype and response to treatment
and hepatic fibrosis in patients with hepatitis C virus
(HCV) genotype 4.

METHODS: Two hundred and one HCV-genotype 4
patients were included. All patients were treated with
Peginterferon alph2a/Ribavirin for 48 wk. End of treatment response (ETR) was defined as loss of detectable
serum HCV RNA at the end of treatment. Sustained
viral response (SVR) was defined as loss of detectable
serum HCV RNA at the end of 24 wk follow up. Genotyping of IL28B rs12979860 was performed using the
TaqMan assay. We used logistic regression to estimate
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to eradicate HCV than those with T/T genotype[7,8]. The
same SNP has also been associated with treatment-induced viral clearance[9,10]. Patients with the C/C genotype
were twice as likely to achieve an sustained viral response
(SVR) compared to patients with other IL28B SNP genotypes[6]. These findings jointly suggest a role for IFN-λ in
the innate control of HCV. Of note, the T/T genotype
was shown to be more common among those with African ancestry[5].
However, the association between IL28B genotype
and response to treatment among individuals infected
with HCV-G4 still needs further investigation among the
ethnic group living in the Middle East. Therefore, we
conducted the present study to assess the extent of the
association between IL28B genotype and response to
treatment in HCV-G4 and severity of liver fibrosis.

similar among those who achieved and those who did
not achieve SVR.
CONCLUSION: In HCV-genotype 4 patients, rs12979860
is a sensitive predictor of viral clearance, independent
of viral load, age, gender or fibrosis, with no similar relation to severity of fibrosis.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Subjects
The study included 201 Egyptian patients with chronic
HCV genotype-4 who were followed in the Hamad
Medical Corporation outpatient clinic in the State of Qatar. Patients received HCV treatment between 2007 and
2010. This was a retrospective-prospective cohort study
in which all patients who were treated between 2007 and
2010 and had finished their follow up to week 72 were
invited to participate (retrospective aspect). In addition,
all patients who were currently on treatment and had not
completed 72 wk of follow up (thus their outcome was
not known yet) were invited to participate in the study
(prospective aspect) and were followed until week 72 to
determine their outcome.
All patients provided written informed consent in accordance with the Declaration of Helsinki of 1979, and
the ethics research committee of the Hamad Medical
Corporation provided ethical approval.
Chronic HCV infection was diagnosed by a sustained
increase in alanine aminotransferase (ALT), positive
anti-HCV serology and active virus replication shown
by the detection of HCV-RNA and histological pattern
of chronic active hepatitis. Patients were excluded from
treatment if they had: active alcohol consumption over
80 g/d, concurrent hepatic B virus, immunodeficiency
viruses, autoimmune hepatitis, hemochromatosis, Wilson
disease, or were on antiviral or corticosteroid therapy.
All patients were treated with 180 μg of Peginterferon-2a (Pegasys®, Hoffmann-La Roche, Basel, Switzerland) subcutaneously once weekly and Ribavirin (COPEGUS®; Hoffmann-La Roche) 1000 mg (body weight ≤
75 kg) or 1200 mg (body weight ≥ 75 mg) orally for 48
wk. End of treatment response (ETR) was defined as
loss of detectable serum HCV RNA at the end of treatment (48 wk). SVR was defined as loss of detectable serum HCV RNA at the end of follow up (72 wk).

INTRODUCTION
Hepatitis C virus genotype 4 (HCV-G4) is the most common type of HCV in the Middle East and Africa, particularly in Egypt, which has the highest prevalence of
HCV worldwide (15%), and HCV-G4 represents 90% of
all HCV cases[1]. Despite the development of new direct
antiviral agents such as protease inhibitors, which have
improved response in HCV genotypes[1,2], unfortunately
G4 has emerged as a resistant genotype to new treatment
strategies. This raises the importance, both for patient care
and the economic approach, of improving the prediction
of response to standard pegylated interferon alfa (PEGIFN) and ribavirin therapy.
Although the mechanisms leading to clearance of
acute HCV infection are not completely understood,
both innate and adaptive immune responses have been
suggested to play crucial roles in viral eradication and response to treatment[3]. Besides immune responses, other
host factors have also been associated with treatmentinduced viral clearance. Higher rates of viral resolution
have been reported in women compared with men;
however, other factors such as age, race, or route of
transmission were not significantly associated with viral
resolution[4].
Recently, another host factor, a genetic variation in
the interleukin-28B (IL28B) gene, was found to predict
spontaneous clearance of HCV infection [5]. A single
nucleotide polymorphism (SNP) rs12979860 located 3
kb upstream of IL28B, the gene that encodes IFN-λ3,
has been strongly associated with resolution of HCV
infection[6]. Patients with C/C genotype were more likely
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Table 1 Demographic and clinical characteristics of the study participants
End of treatment response
Age, median (IQR)
HCV log10 viral load, median (IQR)
Male (%)
rs12979860 (%)
TT
CT
CC

Sustained viral response

No

Yes

No

Yes

48.0 (40.5-53.0)
5.9 (5.1-6.4)
93.1

46.0 (40.0-51.0)
5.5 (3.8-6.3)
87.5

48.0 (43.5-53.0)
5.8 (5.2-6.5)
91.3

46.0 (38.0-51.0)
5.4 (3.6-6.1)
88.1

30.0
52.9
17.1

5.1
47.0
47.9

23.3
53.4
23.3

7.6
45.2
47.2

HCV: Hepatitis C virus; IQR: Inter-quartile range.

the association between IL28 genotype and response to
treatment was modified by gender, grade, viral load, inflammation or fibrosis, we employed logistic regression
models with an interaction term (cross product) for IL28
genotype and the modifier of interest included. ORs
were computed using the homozygous minor allele as the
reference group. All analyses were performed using SAS
program version 9.2 (SAS Institute, Cary, NC, United
States).

ing a commercial ELISA kit (Axsym 3.0; Abbott Laboratories, Chicago, IL, United States). All patients were
HCV-G4 as detected by the Inno-LiPA HCV Ⅱ assay
(Innogenetics Inc., Alpharetta, GA, United States). Serum HCV RNA level monitoring was by Amplicor (version 2.0; Hoffmann-La Roche) with a minimum detection
limit of 50 IU/mL.
Liver histology: The necro-inflammatory and fibrosis
scores were assigned based on the Scheuer scoring system from 0 to 4. The patients were further subdivided
into mild fibrosis (stages Ⅰ and Ⅱ) and severe fibrosis
(stages Ⅲ and Ⅳ).

RESULTS
Descriptive data
Table 1 presents the characteristics of the study population. The study included 201 patients. The majority of
participants were males (89.6%). Median age was 47 years
(inter-quartile range 40-51). We observed Rapid Virological response (RVR), ETR, and SVR in 52.5%, 62.5% and
54.2% of patients, respectively. The mean, median and
range of viral load (log 10) over the duration of therapy
among responders and non-responders, were (4.9, 2.2,
0.0-6.9 and 5.5, 3.9, 2.1-6.9) for RVR, (3.6, 1.0, 0.0-4.23
and 6.0, 4.9, 2.5-6.5) for ETR, respectively. There was no
difference in gender, or pretreatment HCV viral load by
RVR, ETR or SVR status. RVR was not associated with
age, liver inflammation or fibrosis. Those who had ETR
were less likely to have fibrosis (χ 2 = 12.54, P < 0.001),
or inflammation (χ 2 = 5.17, P = 0.023). Only 62.5% of
patients had an ETR and 49.6% had SVR. There was no
difference in gender, or pretreatment HCV viral load by
ETR or SVR status. In addition, individuals who achieved
SVR were more likely to be younger (χ 2 = 4.91, P = 0.027),
and less likely to have fibrosis (χ 2 = 15.54, P < 0.0001), or
inflammation (χ 2 = 7.58, P = 0.006).
The genotype distribution of rs12979860 was 36.2%,
49.0% and 14.8% for genotypes CC, CT, and TT, respectively. Among our participants, rs12979860 genotype distribution did not differ by gender (P = 0.466),
pretreatment viral load (P = 0.600), inflammation (P =
0.435), or fibrosis (P = 0.291). In our study, the patients
who did not achieve ETR or SVR had a lower prevalence
of rs12979860 CC (17.4% and 23.3%, respectively) than
individuals who had ETR or SVR (47.9% and 47.2%,
respectively). Genotype distributions by HCV status are
presented in Figure 1.

IL28B genotype assay: Genomic DNA was extracted

from EDTA whole-blood samples using the QiaAmp
DNA Blood Mini Kit # 51166 (Qiagen GmbH, Hilden,
Germany). DNA concentration was measured using a
Nanodrop Spectrophotometer to assess the quantity
of the product. Polymorphisms of the studied SNP
were carried out by the 5’ nuclease assay using the TaqMan MGB probe. The reaction was performed using an
ABI 7500 (Applied Biosystems, Foster City, CA, United
States) in the Biomedical Labs-Health Sciences Department at Qatar University, Doha, Qatar. The primers and
the TaqMan MGB probes of the SNP were provided by
the Custom assay-on demandTM service (Applied Biosystems). The 5’ nuclease assay was performed using 10-30
ng genomic DNA, 1 × TaqMan Universal polymerase
chain reaction Master Mix (Applied Biosystems), and 1 ×
primer/probe mix using the correct conditions for amplifications according to the manufacturer’s instructions.
Negative controls as well as non-template controls were
included in each run.
Statistical analysis
In the bivariate analyses we used the χ 2 test for categorical variables and ANOVA for continuous variables to
compare the relevant characteristics by treatment response status. We conducted multivariable logistic regression to calculate adjusted odds ratio (aOR) and 95%CI of
the association between treatment response and IL28B
genotype. Only variables that were significantly associated with treatment response or IL28B genotype were
included in the multivariable models. To test whether
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60

TT

Table 2 Adjusted associations between interleukin-28B
genotype and response to treatment

Percentage of rs12979860 genotype

CT
CC

End of treatment response
40

OR (95%CI)
rs12979860
TT
Ref. genotype
CT
5.15 (1.80-14.78)
CC
17.55 (5.34-57.69)

20

Sustained viral response

P value

OR (95%CI)

P value

0.002
< 0.0001

Ref. genotype
2.48 (0.94-6.52)
5.92 (2.09-16.76)

0.065
< 0.001

OR: Odds ratio.
0

No

Yes
ETR

No

jacent to IL28B are the most promising, host-related
predictors of treatment-induced clearance in HCV genotype-1 patients[11,12], however, in studies of individuals
infected with genotypes 2 and 3, the association between
IL28B genotype and outcome is less pronounced, including rs12979860 with treatment-induced clearance[13,14].
The impact of genetic IL28B variability on viral elimination during therapy in G4 is still limited. Similar to HCV
genotype-1, in the present study, we demonstrated that
CC genotypes of rs12979860 significantly determined
SVR in patients with HCV G4. Not only that, even carrying at least one copy of the C allele increased sensitivity
to PEG-IFN/Ribavirin therapy, which was 3 times that
of rs12979860-negative hosts. The mechanism and explanation behind the association between genetic variations
in the IL28B gene and spontaneous clearance may be
related to the host innate immune response. IL28B encodes IFN-λ3, which is involved in viral control, including HCV. In vitro, IFN-α induces expression of IFN-λ
genes, which inhibit HCV replication[15]. IL28A&b and
IL29 are three closely related cytokine genes that encode
proteins known as type Ⅲ IFNs at chromosomal region
19q13. The three cytokines are induced by viral infection
and have antiviral activity. In addition, an experimental
genetic variant regulating IL28 expression is important
for PEG-IFN TLR-mediated antiviral protection.
HCV treatment should not be withheld based solely
on IL28B genotype, as patients with the TT genotype can
achieve SVR, as it was found that the association between
rs12979860 genotype and SVR was similar between the
patients regardless of their RVR status.
In contrast to Ge et al[6] who reported higher viral
load with the C allele, in our participants, rs12979860
genotype distribution did not differ by pretreatment viral
load.
Rao et al[16] reported a significant genetic polymorphism among women who responded to treatment, but
Montes-Cano et al[17] found that rs12979860 genotype
distribution did not differ by gender in G4 patients. This
can be explained simply, by the difference in tested SNPs,
while Rao et al[16] reported this gender-related difference
with the rs8099917 TT genotype, in our study and in the
study by Montes-Cano, we studied rs12979860.
The association between IL28B polymorphisms and
liver fibrosis progression is still controversial[18]. While,
Barreiro et al[19] reported that IL28B CC carriers might
experience a more rapid progression of HCV-related

Yes
SVR

Figure 1 Genotype frequency in percentage of rs12979860 of the interleukin-28B gene under treatment with and without end of treatment response
and with and without sustained virological response in chronic hepatitis
C-genotype 4 patients. ETR: End of treatment response; SVR: Sustained
viral response.

End of treatment response
The data revealed that adjusting for stage, patients with
rs12979860 CC and CT genotypes had ETR more often
than patients with TT genotype [aOR (95%CI) = 17.55
(5.34-57.69) and 5.15 (1.80-14.78), respectively]. Patients
carrying at least one copy of the C allele (genotypes CT
and CC) had almost 8 times the probability of ETR compared to those with genotype rs12979860 TT (aOR =
7.87; 95%CI: 2.84-21.82) (Table 2). In addition, data were
consistent with a significant gene-dose relationship (aOR
= 4.05/allele; 95%CI: 2.27-7.22). No significant interactions were detected by gender, fibrosis, inflammation, or
pretreatment ALT levels (P > 0.05).
Sustained viral response
Individuals with rs12979860 CC genotype had approximately 6 times the odds of SVR compared to individuals with TT genotype (aOR = 5.92; 95%CI: 2.09-16.76).
Similarly, patients with CT genotype had SVR more often than those with TT genotype (aOR = 2.48; 95%CI:
0.94-6.52). Carrying at least one copy of the C allele (genotypes CT and CC) had approximately 3 times the odds
of SVR compared to those with genotype rs12979860
TT (aOR = 3.46; 95%CI: 1.37-8.74) (Table 2). Of note,
we observed a significant gene-dose relationship (aOR =
2.42/allele; 95%CI: 1.47-3.99). We did not reveal any significant interactions by gender, fibrosis, inflammation, or
pretreatment ALT levels (P > 0.05).
There were no significant interactions between the
rs12979860 genotype and RVR indicating that the association between the rs12979860 genotype and SVR was
similar among those who achieved RVR and those who
did not achieve RVR.

DISCUSSION
Recent studies have suggested that SNPs within or ad-
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liver fibrosis, Marabita et al[20] reported that IL28B polymorphisms had no impact on fibrosis progression. Some
investigators found that the unfavorable rs12979860 T/T
gene pattern was associated with worse liver fibrosis[21],
while others did not replicate this finding. In G4 patients,
and similar to Asselah et al[22], no significant differences
and associations for genotype and alleles frequencies were
detected between mild and severe fibrosis. Host genetic
factors associated with the risk of liver disease progression in hepatitis C-G4 needs further investigation.
Few reports have studied the relation between IL28B
and G4, particularly among patients in our area, where
Egyptians represent the majority of cases with different
ethnic and G4-subtypes[23]. The overall frequency of the
protective C allele in our study was 85%, which was higher than that found by Kurbanov et al[24], who reported a
frequency of 67% among the Egyptians studied. When
the diploid genotype was considered, the overall frequency of the protective C/C genotype was 45%, which was
close to our finding (36.2%). With regard to the association between genetic polymorphisms and response to
treatment, Asselah et al[22] reported that SNP rs12979860
was strongly associated with SVR in patients infected
with HCV-G4 in 164 HCV-G4 patients who were from
different ethnic groups (Egyptian, European, and SubSaharan African). Although Egyptians represented 67%
(75/112) of the patients with G4 in the study by De
Nicola et al[25], the results were very similar to ours concerning IL28B genotype distribution and distribution of
the C allele among the patients who achieved SVR. Our
study re-enforces the importance of SNP rs12979860 of
IL28B in G4, regardless of viral clearance by week 4 and
confirmed the absence of its correlation with hepatic fibrosis.
This study specifically examined the relationship between IL28B rs12979860 CC genotype, rapid viral clearance, treatment response and severity of liver disease in
patients with chronic HCV-G4 infection which included
a large sample of patients from the same ethnic group.
In conclusion, in patients with HCV-G4, the IL28B
single nucleotide polymorphism (rs12979860) is a sensitive predictor of viral clearance, independent of baseline
viral load, age, gender or fibrosis. This polymorphism
does not have a similar relation with rapid viral clearance
or severity of hepatic fibrosis.

alfa and ribavirin therapy. Genetic variation in the interleukin-28B (IL28B) gene
has been found to predict spontaneous clearance of hepatitis C virus (HCV)
infection and response to treatment.

Research frontiers

The association between the IL28B genotype and response to treatment in individuals infected with HCV-G4 still needs further investigation, especially among
the ethnic group living in the Middle East. The research focused on the sensitivity of this gene in the prediction of response and its importance in predicting
liver histology progression.

Innovations and breakthroughs

In previous reports, a few G4 patients were studied which was mainly related
to spontaneous clearance. This study provided information on the relation
between IL28B and post-treatment viral clearance and its relation to hepatic
fibrosis in G4.

Applications

The study results suggest that the IL28B single nucleotide polymorphism
(rs12979860) is a sensitive predictor of viral clearance in G4 patients and may
improve clinical prediction models for treatment and should be included as a
test in pre-treatment investigations, providing an opportunity for clinicians to
individualize treatment regimens for hepatitis C patients.

Peer review

The authors studied 201 G4 HCV infected patients. All patients were treated
with Peginterferon/Ribavirin for 48 wk. They found in HCV-G4, IL28B single
nucleotide polymorphism (rs12979860) is an independent predictor of viral
clearance.
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Predictive factors of endoscopic submucosal dissection
procedure time for gastric superficial neoplasia
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Jiang-Yun Meng, Hong Du, Hong-Bin Wang
size, pathological type and adhesions were recorded
prospectively. The order of treatment represented the
experience of the operator. Univariate analysis and
multivariate analysis were performed to evaluate the
relationships between these factors and ESD procedure
time.
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RESULTS: Univariate analysis showed the ESD time
was closely related to the gender (P = 0.0210), tumor
size (P < 0.0001), location (P < 0.0001), gross type
(P < 0.0001) and adhesion (P = 0.0010). The surgical
proficiency level was associated with ESD time in unit
area (P < 0.0001). Multivariate analysis revealed that
the ESD time was positively correlated with tumor size
(P < 0.0001), adhesion (P < 0.0001) and location (P <
0.0001), but negatively correlated with surgical proficiency level (P = 0.0046).
CONCLUSION: Large tumor size, adjacency to the
cardia, and adhesion are predictors of a long ESD time,
whereas high surgical proficiency level predicts a short
ESD time.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To identify the determinants of endoscopic submucosal dissection (ESD) operation time.

Peer reviewer: Javier San Martín, Chief, Gastroenterology and
Endoscopy, Sanatorio Cantegril, Av. Roosevelt y P 13, Punta del
Este 20100, Uruguay

METHODS: This investigation was conducted as a
single-center, prospective study in which ESD was performed by the same endoscopist at the Chinese PLA
General Hospital. A total of 173 patients underwent
ESD operations performed by Dr. Lu from July 2007 to
December 2011, and 183 lesions were enrolled. Patient gender, age, tumor location, gross type, tumor
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frequency surgical unit for cutting and coagulation (Erbotom VIO200; ERBE, Tübingen, Germany). A normalsaline solution of 10% glycerin and 5% fructose with
epinephrine (0.025 mg/mL) was used for submucosal
injections.
The first step was locating the lesion using gastroscopy with narrow-band imaging magnification to observe
and distinguish the border between the lesion and normal
mucosa. The border was marked with thermal coagulation markers at 0.5 cm intervals at a distance of 0.3 to 0.5
cm from the edge with a needle knife (KD-1L; Olympus
Optical Co. Ltd., Tokyo, Japan). The glycerol fructose solution was then injected submucosally around the lesion
to raise the mucosa thoroughly. Next, a pre-cut was made
with needle knife to cut the mucosa through to the submucosa. Then insulation tipped (IT-2) knife (KD-610L;
Olympus Optical Co, Ltd.) was inserted into the pre-cut
incision to complete the incision around the lesion at 0.5
cm outside the markers (Endo cut Q 2). After the lesion
was cut in a circle, submucosal injection was continued,
and the mucosa was gradually dissected with an IT-2
knife (foced coag 40W) until the mucosa was completely
excised. A needle knife or IT-2 knife was used for hemostasis of small blood vessels (foced coag 40W); an electric
coagulation hemostat (FD-410LR; Olympus Optical Co.,
Ltd.) was used for hemostasis of large blood vessels (soft
coag 80W). The ESD procedure is showed in Figure 1.

INTRODUCTION
Endoscopic submucosal dissection (ESD) has become
a mature technique widely applied in the treatment of
mucosal lesions. ESD has advantages compared with endoscopic mucosal resection. However, ESD is complex,
and the associated high risk is another disadvantage of
ESD that requires improvement[1-7]. The time required
to perform ESD is one of the best indicators of operation difficulty. Studies have demonstrated ESD time is
closely related to bleeding, perforation and post-operative
pneumonia[8-12]. It is the goal of clinicians to overcome
operation difficulty and reduce ESD time. Previous studies have reported on the determinants of ESD time,
but these results reflected the operations conducted by
several clinicians[13,14]. In the present study, ESD was performed by the same endoscopist. A total of 183 lesions
were collected, and the determinants of ESD time were
analyzed.

MATERIALS AND METHODS
Patients
From July 2007 to December 2011, consecutive gastric
superficial intraepithelial neoplasia (GIN) was treated by
ESD that were performed by the same endoscopist at the
Chinese PLA General Hospital. This study was approved
by the medical ethical committee Chinese PLA General
Hospital and the clinical study was registered with the
Clinical Trial (NCT01378507). Partial resection, piecemeal resection and snare resection after circumferential
cutting was excluded and complete en bloc resection was
included in the study.
The morphology of the lesions of all patients was
superficial intraepithelial neoplasia according to the Paris
endoscopic classification[15]. Adenoma, noninfiltrating
carcinoma or intramucosal invasive carcinoma were confirmed by histologic evaluation of forceps biopsy specimens, which corresponding to criteria of no lymph node
metastases[16].
Patients were excluded from the study if they had a
previous diagnosis of undifferentiated carcinoma, or Type
0-Ⅲ or 0-Ⅰs adenocarcinoma. Systemic conditions were
evaluated before each operation, and those with contraindications for anesthesia and endoscopy were excluded
from the study. The existing strategies for the treatment
of GIN and their advantages and disadvantages were explained to the patients and their family members before
the operation. Written informed consent was obtained
before ESD.

Definition
ESD time was defined as the time from circumferential
marking around the lesion to the complete removal of
GIN. The number of patients was used as the continuous numerical variable, which represented the proficiency
level. The tumor size was calculated with two vertical
maximum diameters.
Statistical analysis
The age, gender, number of patients, location, macroscopic appearance, tumor size, pathological type and adhesion were recorded as variables. Normally-distributed data
were expressed as mean ± SD, and data not conforming
to a normal distribution were expressed as medians and
inter-quartile ranges. The categorical variables were presented as constituent ratios. One way analysis of variance
was employed to analyze the factors influencing procedure
time. Simple correlation analysis was performed to investigate the association between numerical variables and
procedure time. A rank sum test was used to investigate
the association between categorical variables and procedure time. A value of P < 0.05 was considered statistically
significant. Factors meeting the criteria for significance in
the univariate analysis were included in the multivariate
analysis. Multiple linear regressions were used to analyze
the association between procedure time and factors influencing procedure time. The procedure time served as the
dependent variable and those from univariate analysis as
independent variables. Factors with a significant difference, as determined by multivariate analysis, were included

ESD procedure
The patients were sedated by intravenous injection of
propofol (0.1-0.2 mg/kg per minute) (Xi’an Libang Pharmaceutical Co., Ltd. Xi’an, China). A gastroscope (GIF
Q260J, Olympus Optical Co., Ltd, Tokyo, Japan) was used
for the treatment, which was facilitated with a soft transparent front cap (Olympus Optical Co, Ltd.) and a high-
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A

B

C

D

E

F

G
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Figure 1 Procedure of endoscopic submucosal dissection: A male patient aged 56 years. A: Gastroscopy showed a type 0-IIa (2.5 cm × 1.8 cm) lesion in the
greater curvature of the stomach and pathology revealed differentiated adenocarcinoma; B: Magnification was performed using narrow band imaging to determine the
borderline; C: Point-like electric coagulation was done at 0.5 cm away from the borderline of lesion for marking; D: Following submucosal injection, a circumferential
incision was made in the mucosa and submucosa at 0.5 cm away from the marks; E: The mucosas were dissected from submucosa using an insulation tipped-2 knife; F:
Artificial ulcer following resection; G: The sample (4 cm × 3 cm) was unfolded and the marks were found in the sample; H: Pathological type was high-grade intraepithelial neoplasia (× 40).

in a step-forward linear regression model to compose a
predictive formula of procedural time. In addition, 0.10
and 0.05 were applied for backward selection and forward
selection, respectively. Statistical analysis was performed
with SPSS version 13.0.

ferences were noted among groups in terms of pathological types.
The irrelevance of some factors to ESD time may be
attributed to small tumor size at early stage. For the same
size lesion, the more experienced of the operator, the
shorter of procedure time. Once ESD time per unit area
was used as a factor, the influence of resection area was
abolished. The ESD procedure time should be related to
the proficiency of endoscopist because the resection size
was increased as technical proficiency increased so the
ESD procedure time was also increased although univariate analysis showed no correlation. If the ratio of procedure time to specimen area was transformed unit area,
the ESD procedure time related to the proficiency of
endoscopist and the number of procedure cases was conformed by univariate analysis because of elimination of
interference of lesion area. So the number of procedure
cases was independent predictors in multivariate analysis.
(Tables 1 and 2).
Multiple linear regression analysis revealed that ESD
time was positively correlated with tumor size, adhesion
and location, but was negatively associated with surgical
proficiency level. After comparison with the standardized
regression coefficients, the correlation intensity was in
the following order: tumor size, adhesion, lesions in upper stomach and proficiency level. Although multiple linear regression analysis showed the ESD procedure time
was not correlation with the lesions in the middle of the
stomach, the influence of lesions in the middle stomach
should be used in prediction the time because ESD procedure time was related to the lesions in the upper stomach. Statistical analysis revealed tumor size and proximity
to the cardia were positively correlated with longer ESD
times. In addition, a submucosal adhesion could prolong

RESULTS
A total of 194 GIN lesions were treated by ESD, and 183
GIN lesions were completely removed (94.3%). In addition, 178 lesions met the criteria for curative resection
(91.8%). In the present study, 173 cases were recruited,
and a total of 183 lesions were collected. There were
126 males and 47 females, with a mean age of 62.0 years
(29-82 years). The major diameter of the resected lesions
was 3.0 cm (1.5-8.0 cm). The median area of resected
mucosa was 7.0 cm2 (1.5-33.25 cm2). The median procedure time was 41 min (8-221 min). Bleeding to different
extents was observed during the operation but did not
meet the criteria for bleeding as a complication[17]. Delayed bleeding was observed in 7 cases, which resolved
after endoscopic hemostasis (n = 5) or pharmacotherapy
(n = 2).
Small muscularis propria resection was identified in 2
cases, but the serosa was intact and no pneumoperitoneum was observed. Because the defect was closed with the
used of endoscopic clips after the en bloc dissection, the
clip closure time was not including the ESD procedure
time and was not analyzed as a risk factor.
Univariate analysis showed that the procedure time
was related to tumor size, but not to age or the level of
surgical proficiency. The procedure time was significantly
different among groups in terms of gender, location,
macroscopic appearance and adhesion. No marked dif-
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Table 1 Correlation analysis of numerical variables and
endoscopic submucosal dissection time
Predictive
factors

Data

ESD time (min)
median (IQR)

Age

mean ± SD
41.00 (39.00)
62.00 ± 11.69
Tumor size Median (IQR)
41.00 (39.00)
7.00 (8.82)
(cm2)
Proficiency
n
ESD time per unit
level
area(min)
1-183
5.00 ± 3.87

Analysis
method

P value

Pearson
correlation
Pearson
correlation
Pearson
correlation

0.3135

Table 2 Categorical variables and endoscopic submucosal
dissection time
Predictive
factors
Location
Upper
Middle
Lower
Macroscopic
appearance
Protrusion
Indentation
Mixed
Pathological
type
Adenoma
HIN
Invasive
carcinoma
Adhesion
Yes
No
Gender
Male
Female

< 0.0001
< 0.0001

ESD: Endoscopic submucosal dissection; IQR: Interquartile-range.

Table 3 Multivariable analysis of factors related to endoscopic submucosal dissection time
Predictive factors
Resection area
Adhesion
Location (upper)
Proficiency level
Location (middle)

Beta
3.500
67.082
39.439
-0.755
7.009

Standardized 95%CI for beta P value
coefficients beta
0.581
0.356
0.345
-0.207
0.059

2.829-4.180
< 0.0001
47.003-86.285 < 0.0001
25.767-50.124 < 0.0001
-0.545-(-0.124) 0.0046
-2.890-17.778
0.1408

n (%)

44 (24.0)
52 (28.4)
87 (48.6)

76 (41.5)
61 (33.3)
46 (25.2)

ESD time (min) Analysis method P value
median (IQR)
Kruskal wallis

< 0.0001

Kruskal wallis

< 0.0001

Kruskal wallis

0.2410

Mann-whitney

0.0010

Mann-whitney

0.0210

52.00 (69.00)
48.00 (33.00)
26.00 (33.50)

23.00 (31.00)
49.00 (31.00)
50.00 (43.50)

36 (19.7)
97 (53.0)
50 (27.3)

25.00 (27.00)
29.00 (36.00)
51.00 (29.50)

14 (7.7)
179 (92.3)

81.50 (149.00)
39.00 (35.00)

134 (73.2)
49 (26.8)

47.00 (41.00)
29.00 (25.50)

ESD: Endoscopic submucosal dissection; IQR: Interquartile-range.
ESD: Endoscopic submucosal dissection.

derived from empirical analysis, and some from univariate
analysis[26]. Goto et al[13] investigated 222 early gastric cancers, which were resected with a Flex knife by four operators. Their results showed that location in the upperthird of the stomach, the presence of ulcerative findings,
and > 20 mm in size was independent factors affecting
ESD time. In the study by Ahn et al[14] complete ESDs
were performed by four experts, primarily using an IT
knife, for 916 early gastric cancers. The results revealed
that proximal location, tumor size greater than 20 mm,
submucosal fibrosis, and perforation during the procedure were independent predictors of a longer ESD time.
In the present study, the multivariate analysis indicated
that ESD time was positively correlated with tumor size,
location and adhesion, but negatively associated with proficiency level. The correlation intensity was in the following order: resection area, adhesion, location in the upperthird of the stomach and the proficiency level.
The factors identified by the multivariate analysis can
be applied to predict ESD time. However, the determinants are numerous, and some are unpredictable before
an operation, including unstable anesthesia, equipment
failure, and heavy bleeding. Therefore, ESD time cannot
be accurately determined according to the factors identified in the present study. These factors may only be used
to predict ESD time and the level of difficulty. These
findings suggest that lesions with small size and without
adhesion are suitable for the training of inexperienced
endoscopists. The resection of lesions with larger size
located in the upper to middle stomach should be performed by experienced operators or in the presence of
experienced operators. Once it is determined that the
predicted ESD time is relatively long, preventive mea-

ESD time. With the increase of proficiency level, ESD
time was reduced. The results of multiple linear regressions are displayed in Table 3.

DISCUSSION
In the present study, ESD was performed by a single
endoscopist. The complete resection rate, curative resection rate, and incidence of complications were similar to
those previously reported[18-25]. The procedures of ESD
by the same operator were identical among different
patients. Thus, the influence of procedural differences
on ESD time was excluded. We tried our best to reduce
pre-operative confounding factors, and then performed
univariate and multivariate analysis. The analysis of information from operations performed by the same operator
can help to identify the association between proficiency
level and ESD time.
The pre-operative predictable factors served as variables for analysis, and the results can serve as a reference
for predicting ESD time. Although an adhesion is only
found during surgery, the scar and the cushion following
submucosal injection can be identified to determine the
adhesion. In the recruitment of patients, the indications
were restricted and the post-operative pathology only
confirmed two lesions with submucosal invasion. The
remaining lesions were only found in the tunica mucosa.
Lesions confined to the tunica mucosa may not affect the
procedure time regardless of tumor depth. Thus, tumor
depth was not applied as a viable.
Studies have shown that ESD time is related to the
location and size of tumors. However, some studies are
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sures should be prepared before operating, with the aim
of preventing skin compression and deep vein thrombosis of the lower extremities. With respect to anesthesia,
intubation followed by general anesthesia is preferred.
Maintaining an open airway helps to assure satisfactory
anesthesia status.
Although analysis of clinical information from operations performed by the same operator can exclude the
influence of other confounding factors, such as different
instruments and operation habits, we only analyzed the
data from a single center and therefore the sample size
was relatively small. Our experience revealed that the time
consumed maintaining hemostasis can affect ESD time.
However, this period of time is unpredictable and cannot
be accurately recorded. Therefore, it was not used as a
variable for analysis.
Taken together, our results revealed that large tumor
size, adjacency to the cardia, and adhesion predict a long
ESD time, but high a proficiency level predicts a short
ESD time. Our results provide reference for the prediction of operation difficulty and ESD time.

3

4

5
6

7

COMMENTS
COMMENTS

8

Background

Endoscopic submucosal dissection (ESD) is a therapeutic technique for the
treatment of gastrointestinal neoplasms with high en bloc resection rate. However, owing to its technical difficulty, longer procedure time and increase risk
of perforation, ESD is not as widely used in China. The procedure time of ESD
is the most direct indicator of operation difficulty. An investigation of the determinants of the time required for ESD will offer guidance in predicting operation
difficulty.

9

Research frontiers

10

Many investigators have shown that ESD time is related to the location and size
of tumors. In the present study, the multivariate analysis indicated that ESD
time was positively correlated with tumor size, location and adhesion, but negatively associated with proficiency level.

11

Innovations and breakthroughs

In this study, 183 ESD procedures were performed by a single endoscopist.
Analysis of clinical information from operations performed by the same operator
can exclude the influence of other confounding factors, such as different instruments and operation habits.

12

Applications

This study revealed that large tumor size, adjacency to the cardia, and adhesion predict a long ESD time, but high a proficiency level predicts a short ESD
time. The results provide reference for the prediction of operation difficulty and
ESD time.

Terminology

13

Peer review

14

REFERENCES

15

The ESD technique was first introduced in Japan. ESD is an innovative technique that improves the rate of successful en bloc resection of gastrointestinal
neoplasms.
This is a study done in one center by a single endoscopist, which in this case is
a strength. The manuscript is well presented and easy to read.

1

2

Oka S, Tanaka S, Kaneko I, Mouri R, Hirata M, Kawamura T,
Yoshihara M, Chayama K. Advantage of endoscopic submucosal dissection compared with EMR for early gastric cancer.
Gastrointest Endosc 2006; 64: 877-883
Watanabe K, Ogata S, Kawazoe S, Watanabe K, Koyama
T, Kajiwara T, Shimoda Y, Takase Y, Irie K, Mizuguchi M,

WJG|www.wjgnet.com

16

17

7013

Tsunada S, Iwakiri R, Fujimoto K. Clinical outcomes of EMR
for gastric tumors: historical pilot evaluation between endoscopic submucosal dissection and conventional mucosal
resection. Gastrointest Endosc 2006; 63: 776-782
Ishihara R, Iishi H, Uedo N, Takeuchi Y, Yamamoto S,
Yamada T, Masuda E, Higashino K, Kato M, Narahara H,
Tatsuta M. Comparison of EMR and endoscopic submucosal
dissection for en bloc resection of early esophageal cancers
in Japan. Gastrointest Endosc 2008; 68: 1066-1072
Shimura T, Sasaki M, Kataoka H, Tanida S, Oshima T, Ogasawara N, Wada T, Kubota E, Yamada T, Mori Y, Fujita F,
Nakao H, Ohara H, Inukai M, Kasugai K, Joh T. Advantages
of endoscopic submucosal dissection over conventional endoscopic mucosal resection. J Gastroenterol Hepatol 2007; 22:
821-826
Yamamoto H. Endoscopic submucosal dissection of early
cancers and large flat adenomas. Clin Gastroenterol Hepatol
2005; 3: S74-S76
Oka S, Tanaka S, Kaneko I, Mouri R, Hirata M, Kanao H,
Kawamura T, Yoshida S, Yoshihara M, Chayama K. Endoscopic submucosal dissection for residual/local recurrence
of early gastric cancer after endoscopic mucosal resection.
Endoscopy 2006; 38: 996-1000
Imagawa A, Okada H, Kawahara Y, Takenaka R, Kato J,
Kawamoto H, Fujiki S, Takata R, Yoshino T, Shiratori Y.
Endoscopic submucosal dissection for early gastric cancer:
results and degrees of technical difficulty as well as success.
Endoscopy 2006; 38: 987-990
Yamamoto S, Uedo N, Ishihara R, Kajimoto N, Ogiyama H,
Fukushima Y, Yamamoto S, Takeuchi Y, Higashino K, Iishi H,
Tatsuta M. Endoscopic submucosal dissection for early gastric cancer performed by supervised residents: assessment of
feasibility and learning curve. Endoscopy 2009; 41: 923-928
Isomoto H, Ohnita K, Yamaguchi N, Fukuda E, Ikeda K,
Nishiyama H, Akiyama M, Ozawa E, Nakao K, Kohno S,
Shikuwa S. Clinical outcomes of endoscopic submucosal
dissection in elderly patients with early gastric cancer. Eur J
Gastroenterol Hepatol 2010; 22: 311-317
Lee CT, Chang CY, Tai CM, Wang WL, Tseng CH, Hwang
JC, Lin JT. Endoscopic submucosal dissection for early
esophageal neoplasia: a single center experience in South
Taiwan. J Formos Med Assoc 2012; 111: 132-139
Yoo JH, Shin SJ, Lee KM, Choi JM, Wi JO, Kim DH, Lim SG,
Hwang JC, Cheong JY, Yoo BM, Lee KJ, Kim JH, Cho SW.
Risk factors for perforations associated with endoscopic submucosal dissection in gastric lesions: emphasis on perforation type. Surg Endosc 2012; 26: 2456-2464
Toyokawa T, Inaba T, Omote S, Okamoto A, Miyasaka R,
Watanabe K, Izumikawa K, Horii J, Fujita I, Ishikawa S, Morikawa T, Murakami T, Tomoda J. Risk factors for perforation
and delayed bleeding associated with endoscopic submucosal dissection for early gastric neoplasms: analysis of 1123
lesions. J Gastroenterol Hepatol 2012; 27: 907-912
Goto O, Fujishiro M, Kodashima S, Ono S, Omata M. Is it
possible to predict the procedural time of endoscopic submucosal dissection for early gastric cancer? J Gastroenterol
Hepatol 2009; 24: 379-383
Ahn JY, Choi KD, Choi JY, Kim MY, Lee JH, Choi KS, Kim
do H, Song HJ, Lee GH, Jung HY, Kim JH. Procedure time of
endoscopic submucosal dissection according to the size and
location of early gastric cancers: analysis of 916 dissections
performed by 4 experts. Gastrointest Endosc 2011; 73: 911-916
The Paris endoscopic classification of superficial neoplastic
lesions: esophagus, stomach, and colon: November 30 to December 1, 2002. Gastrointest Endosc 2003; 58: S3-43
Gotoda T, Yanagisawa A, Sasako M, Ono H, Nakanishi Y,
Shimoda T, Kato Y. Incidence of lymph node metastasis
from early gastric cancer: estimation with a large number of
cases at two large centers. Gastric Cancer 2000; 3: 219-225
Lee TH, Cho JY, Chang YW, Kim JO, Lee JS, Cho WY, Kim

December 21, 2012|Volume 18|Issue 47|

Lu ZS et al . ESD procedure time for gastric neoplasia

18

19

20

21

22

HG, Kim WJ, Park YS, Jin SY. Appropriate indications for
endoscopic submucosal dissection of early gastric cancer according to tumor size and histologic type. Gastrointest Endosc
2010; 71: 920-926
Yamaguchi N, Isomoto H, Fukuda E, Ikeda K, Nishiyama H,
Akiyama M, Ozawa E, Ohnita K, Hayashi T, Nakao K, Kohno S, Shikuwa S. Clinical outcomes of endoscopic submucosal dissection for early gastric cancer by indication criteria.
Digestion 2009; 80: 173-181
Goto O, Fujishiro M, Kodashima S, Ono S, Omata M. Outcomes of endoscopic submucosal dissection for early gastric
cancer with special reference to validation for curability criteria. Endoscopy 2009; 41: 118-122
Chung IK, Lee JH, Lee SH, Kim SJ, Cho JY, Cho WY,
Hwangbo Y, Keum BR, Park JJ, Chun HJ, Kim HJ, Kim JJ,
Ji SR, Seol SY. Therapeutic outcomes in 1000 cases of endoscopic submucosal dissection for early gastric neoplasms:
Korean ESD Study Group multicenter study. Gastrointest
Endosc 2009; 69: 1228-1235
Isomoto H, Shikuwa S, Yamaguchi N, Fukuda E, Ikeda K,
Nishiyama H, Ohnita K, Mizuta Y, Shiozawa J, Kohno S.
Endoscopic submucosal dissection for early gastric cancer: a
large-scale feasibility study. Gut 2009; 58: 331-336
Chiu PW, Teoh AY, To KF, Wong SK, Liu SY, Lam CC, Yung

23

24

25

26

MY, Chan FK, Lau JY, Ng EK. Endoscopic submucosal dissection (ESD) compared with gastrectomy for treatment of
early gastric neoplasia: a retrospective cohort study. Surg
Endosc 2012; 26: 3584-3591
Ohta T, Ishihara R, Uedo N, Takeuchi Y, Nagai K, Matsui F,
Kawada N, Yamashina T, Kanzaki H, Hanafusa M, Yamamoto S, Hanaoka N, Higashino K, Iishi H. Factors predicting
perforation during endoscopic submucosal dissection for
gastric cancer. Gastrointest Endosc 2012; 75: 1159-1165
Schumacher B, Charton JP, Nordmann T, Vieth M, Enderle
M, Neuhaus H. Endoscopic submucosal dissection of early
gastric neoplasia with a water jet-assisted knife: a Western, single-center experience. Gastrointest Endosc 2012; 75:
1166-1174
Sugimoto T, Okamoto M, Mitsuno Y, Kondo S, Ogura K,
Ohmae T, Mizuno H, Yoshida S, Isomura Y, Yamaji Y, Kawabe T, Omata M, Koike K. Endoscopic submucosal dissection
is an effective and safe therapy for early gastric neoplasms:
a multicenter feasible study. J Clin Gastroenterol 2012; 46:
124-129
Onozato Y, Ishihara H, Iizuka H, Sohara N, Kakizaki S, Okamura S, Mori M. Endoscopic submucosal dissection for early
gastric cancers and large flat adenomas. Endoscopy 2006; 38:
980-986
S- Editor Lv S L- Editor A E- Editor Zhang DN

WJG|www.wjgnet.com

7014

December 21, 2012|Volume 18|Issue 47|

World J Gastroenterol 2012 December 21; 18(47): 7015-7020
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v18.i47.7015

© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Patterns and prognosis of locally recurrent rectal cancer
following multidisciplinary treatment
Jun Zhao, Chang-Zheng Du, Ying-Shi Sun, Jin Gu
8 (8.9%) were posterior type, and 13 (25.6%) were
lateral type. Forty-one patients had tumors that were
evaluated as resectable by the MDT and ultimately received surgery, and R0 resection was achieved in 36
(87.8%) of these patients. The recurrence pattern was
closely associated with resectability and R0 resection
rate (P < 0.001). The recurrence pattern, interval to recurrence, and R0 resection were significantly associated
with 5-year survival rate in univariate analysis. Multivariate analysis showed that the R0 resection was the
unique independent factor affecting long-term survival.
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CONCLUSION: The MDT modality improves patient
selection for surgery by enabling accurate classification
of the recurrence pattern; R0 resection is the most significant factor affecting long-term survival.
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AIM: To investigate the patterns and decisive prognostic factors for local recurrence of rectal cancer treated
with a multidisciplinary team (MDT) modality.
METHODS: Ninety patients with local recurrence were
studied, out of 1079 consecutive rectal cancer patients
who underwent curative surgery from 1999 to 2007. For
each patient, the recurrence pattern was assessed by
specialist radiologists from the MDT using imaging, and
the treatment strategy was decided after discussion by
the MDT. The associations between clinicopathological
factors and long-term outcomes were evaluated using
both univariate and multivariate analysis.

Zhao J, Du CZ, Sun YS, Gu J. Patterns and prognosis of locally
recurrent rectal cancer following multidisciplinary treatment.
World J Gastroenterol 2012; 18(47): 7015-7020 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v18/i47/7015.htm
DOI: http://dx.doi.org/10.3748/wjg.v18.i47.7015

RESULTS: The recurrence pattern was classified as
follows: Twenty-seven (30%) recurrent tumors were
evaluated as axial type, 21 (23.3%) were anterior type,

Local recurrence of rectal cancer (LRRC) has dramatically fallen to 4%-10% after widespread application of total
mesorectal excision (TME)[1-5]. Nevertheless, LRRC re-
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mains a significant clinical problem and is associated with
severe morbidity, low quality of life, and poor survival in
the majority of patients[6]. Although radical (R0) resection
is the most effective way to improve prognosis, it is only
achieved in 10%-50% of LRRC, and in general, the 5-year
survival rate remains unfavorable, varying from 18% to
58% according to different reports[7-10]. One decisive factor for R0 resection is the pattern of recurrence[3,4,11,12],
since an accurate assessment of the recurrence pattern
before treatment is critical for the selection of indicated
patients as candidates for surgery.
Currently, the treatment of rectal cancer has evolved
toward a multidisciplinary team (MDT) modality [13],
and this modality has been successfully delivered in
our center for ten years[14]. The MDT approach can
optimize treatment strategy by enabling accurate and
integrative evaluation via discussion by the MDT before
treatment[15]. However, whether the MDT approach can
improve the R0 resection rate and long-term survival in
patients with LRRC is still unknown. The aim of this
study was to investigate the long-term outcome and its
influential factors in LRRC under the MDT modality.

namely, axial: recurrence at anastomotic, residual mesorectum, or perirectal soft tissue within the center of
the pelvis or perineum following an abdominoperineal
resection; anterior: involving the genitourinary tract;
posterior: involving the sacrum and presacral fascia; and
lateral: involving the muscles or soft tissue of the pelvic
sidewall, major iliac vessels, sacral nerve plexus, and lateral bony pelvis.
Multimodality treatment surgery
Surgery for indicated patients was performed after discussion by the MDT, which included a group of experienced colorectal surgeons. Surgery for recurrent tumors
was defined as curative (R0) if the area where resection
was performed was grossly and microscopically free of
residual cancer. Resections were considered palliative if
either gross (R2) or microscopic (R1) cancer remained at
the end of the procedure. For each patient, a thorough
abdominal exploration was carried out to rule out extrapelvic metastasis after division of adhesions. Recurrent
tumors were resected, along with any adjacent structures
involved. Frozen-section analysis was not routinely performed, except for the suspicious resection margin.

MATERIALS AND METHODS

Chemoradiotherapy and palliative treatment
Decisions regarding whether and when patients needed
to undergo chemoradiotherapy were arrived at via discussion by the MDT. In principle, preoperative external
beam radiotherapy was applied in patients 70 years of
age and under with the possibility of curative resection.
A radiation dose of 50 Gy in 25 daily fractions of 2 Gy
was planned if no neoadjuvant radiotherapy for the primary tumor had been delivered. Three fields (1 posterior
and 2 lateral) were used. Chemotherapy with fluorouracil
(350 mg/m2 per day) and leucovorin (20 mg/m2 per
day) was administered concurrently in two 5 d courses.
Surgery was performed 6-8 wk after the end of the preoperative treatment. None of the patients in this study
underwent intraoperative or postoperative radiotherapy.
Palliative chemotherapy for unresectable tumors was delivered by oncologists, and the regimens were based on
fluorouracil, oxaliplatin, and irinotecan. If the patients
could not receive radio- or chemotherapy due to poor
status, supportive care, including nutrition support, analgesic therapy, and other measures were given to improve
quality of life.

Patients
A total of 1079 consecutive patients who underwent
curative surgery at the Beijing Cancer Hospital between
January 1999 and December 2007 were reviewed. In this
study, LRRC was defined as the occurrence of recurrent
tumors after prior radical resection located within the
pelvis, either alone or in conjunction with metastases[16].
Ninety eligible patients were ultimately included in the
study according to the following criteria: (1) the initial
surgery was R0 resection, and transabdominal surgery
must be delivered strictly according to TME principles[17], without bowel resection margin or circumferential resection margin involvement; (2) no synchronic
distant metastasis outside the pelvis; (3) no history of
other malignant tumors; and (4) no severe surgical or
medical complications that were likely to affect the longterm outcome after initial surgery.
Diagnosis and evaluation of local recurrence by the
MDT
Confirmation of LRRC by biopsy was obtained in 68
patients, and 10 patients were diagnosed with positron
emission tomography. The remaining 12 patients were
clinically diagnosed by assessing clinical symptoms, serum carcinoembryonic antigen (CEA) levels, and imaging, including computed tomography (CT), magnetic
resonance imaging (MRI), and sonography.
Data for each patient was evaluated and discussed by
a special MDT. Recurrence patterns were evaluated by
senior radiologists of the MDT based on CT or MRI,
using the Memorial Sloan-Kettering classification[6,12],

WJG|www.wjgnet.com

Follow-up
All included patients underwent regular follow-ups.
Physical examination and laboratory testing (blood
count, liver enzymes, and CEA) were performed at the
time of each follow-up visit, every 3 mo for 2 years,
and every 6 mo thereafter. Abdominal ultrasonography,
a chest X-ray, and abdominal and pelvic CT were performed every 6 mo. Colonoscopy was performed every
12 mo. The follow-up was repeated for at least 5 years.
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Table 2 The association between recurrence pattern and
resectability

Table 1 Patient characteristics n (%)
Variables

Patient

Gender
Male
Female
Age
≤ 60 yr
> 60 yr
Primary surgery
Anterior resection
Abdominoperineal resection
Hartmann
Local excision
Neoadjuvant chemoradiotherapy for primary tumor
Yes
No
Primary tumor stage
Ⅰ
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC

Unknown
Serum CEA1
≤ 5 ng/mL
> 5 ng/mL
Unknown
Preoperative chemoradiotherapy for recurrent tumor2
Yes
No
Surgery for recurrent tumor
Anterior resection
Abdominoperineal resection
Combined organ excision3
Total pelvic exenteration
Conservative therapy
Resection status
R0
R1-2

Recurrence pattern Resection rate (%) P value R0 rate (%) P value
Axial
Anterior
Posterior
Lateral

54 (60)
36 (40)
50 (55.6)
40 (44.4)

< 0.001

85.2 (23/27) < 0.001
33.3 (7/21)
25 (2/8)
4.3 (1/23)

The values shown are the resection rate expressed in %, with the number
of patients with successful resection/total number of patients with locally
recurrent rectal cancer in parentheses.

54 (60)
32 (35.6)
2 (2.2)
2 (2.2)

were included in the survival analysis until the date of
loss. The interval to recurrence was a median of 18.5
mo (3-102). Forty-one patients had recurrent tumors
that were deemed resectable or potentially resectable;
of these patients, 10 received preoperative chemoradiotherapy and 8 had R0 resection. Of the 41 patients who
underwent surgery, 36 (87.8%) had R0 resection. In total, 9 patients underwent extended resection: 4 patients
underwent total pelvic exenteration, 3 were R0 resection
and 1 was R1 resection; 5 patients underwent combined
organ excision, 3 were R0 resection, 1 was R1 resection,
and 1 was R2 resection. Within the combined organ
excision, 2 combined with uterus and vagina resection,
1 combined with partial prostate resection, and 2 combined with sacrum resection. The remaining 49 patients
with unresectable tumors received conservative therapy:
18 received chemoradiotherapy and consequent chemotherapy, 25 received palliative chemotherapy alone, and 6
underwent supportive care. The demographic and clinicopathological characteristics are summarized in Table 1.

18 (20)
72 (80)
6 (6.6)
8 (8.8)
11 (12.2)
10 (11.1)
20 (22.2)
26 (28.8)
9 (10)
27 (30)
48 (53.3)
15 (16.7)
10 (24.4)
31 (75.6)
41 (45.6)
2 (4.9)
30 (73.2)
5 (12.2)
4 (9.8)
49 (54.4)
36 (40)
5 (5.5)

Recurrence pattern and its relationship to resectability
The pattern of local recurrence was classified by the
MDT as axial type in 27 (30%) patients, anterior type in
21 (23.3%), posterior type in 8 (8.9%), lateral type in 23
(25.6%), and unclassifiable in 11.
The recurrence pattern had a strong association with
resectability of the recurrent tumor, with the highest
resection rate (88.9%) in the axial type and the lowest resection rate (21.7%) in the lateral type (P < 0.001) (Table
2). A significant difference in R0 resection percentage
was also observed among the different patterns of recurrence: the R0 resection rates in axial, anterior, posterior, and lateral type were 85.2%, 33.3%, 25%, and 4.3%,
respectively (P < 0.001; Table 2).

1

The serum CEA level after recurrence; 2For the patients who underwent
surgery; 3Including excision of uterus, vagina, seminal vesicle, prostate,
and sacrum. CEA: Carcinoembryonic antigen.

Statistical analysis
Statistical analyses were performed using the SPSS 16.0
Statistical Software (SPSS Inc., Chicago, IL). Categorical
variables were compared using Pearson’s χ 2 test. Survival
rates were estimated using the Kaplan-Meier curve, and
comparisons of survival between groups were made using the log-rank method. Multivariate analysis was performed using the Cox proportional-hazard method. All
statistical tests were 2-tailed, and statistical significance
was set at P < 0.05.

Prognostic factors for long-term survival
The 5-year overall survival rate of all patients was 31.1%.
Univariate analysis of patient survival with locally recurrent tumors was performed according to clinicopathological and surgical factors. Twenty-seven patients with
a long recurrence interval (> 24 mo) had a significantly
higher rate of survival than the 63 patients with a short
recurrence interval (≤ 24 mo) (48.1% vs 23.8%, P < 0.05;
Table 3). A significant difference in survival was seen in

RESULTS
Baseline characteristics of patients
Of the 90 included patients, 54 were male and 36 were
female. The mean age was 59.4 years (median 57.5; range
27-76). Median follow-up was 68.5 mo (range 6-96). Ten
patients (11.1%) were lost to follow-up and their data
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88.9 (24/27)
33.3 (7/21)
25 (2/8)
21.7 (5/23)
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Table 3 Univariate analysis of risk factors affecting long-term
survival

R0 resection
Palliative and non-surgery

0.8
Gender
Male
54
Female
36
Age
≤ 60 yr
50
> 60 yr
40
Surgery of primary tumor
Anterior resection
54
Abdominoperineal resection
32
Pathologic stage of primary tumor
Ⅰ-Ⅱ
25
Ⅲ
56
Serum CEA1
≤ 5 ng/mL
26
> 5 ng/mL
49
Interval to recurrence (mo)
≤ 24
63
> 24
27
Recurrence pattern
Axial
27
Anterior
21
Posterior
8
Lateral
23
Surgery for recurrent tumor
R0 resection
36
R1-2 and non-surgery
54

5 yr OS rate (%)

P value

29.6
33.3

0.803

26
37.5

0.187

31.5
31.2

0.451

33.3
30.8

0.473

38.5
28.6

0.35

23.8
48.1

0.011

63
28.6
12.5
4.3

< 0.001

55.6
14.8

< 0.001

Overall survival rate

n

Variables

6

12

18

24 30 36
t /mo

42 48

54

60

Figure 1 Survival after recurrence between the curative resection group
and other groups. Patients who underwent curative resection (n = 36) had
a significantly higher 5 year survival rate than those who underwent palliative
resection or conservative treatment (n = 54) in both univariate and multivariate
analysis (55.6% vs 14.8%, P < 0.001).

with overall survival, they were not as significant as R0
resection in prognosticating long-term survival (Table 4).

DISCUSSION
The aggressive use of multimodality therapy, including chemotherapy and perioperative or intraoperative
radiotherapy, is being increasingly delivered in order
to improve the outcomes of patients with LRRC[8,18,19].
However, the prognosis of LRRC is far from satisfactory: the 5-year survival rate fluctuates between 18%
and 58%, and only a minority of patients received curative surgery[7-10]. To date, surgical resection with curative
intent is still the most relevant prognostic factor for
LRRC, and this was demonstrated in almost all reports
published thus far[7-10]. Unfortunately, the traditional preoperative evaluation by surgeons does not allow for an
accurate selection of patients as candidates for radical
surgery, even though this selection is particularly important for prognosis. Nearly 30% to 65% of patients who
underwent surgery did not achieve microscopically negative margins according to the majority of reports, which
means that almost half of the patients would not benefit
from surgery, whereas they still had to risk surgical morbidity[8,9,20,21]. Therefore, the evaluation and treatment for
LRRC needs more accurate and individualized strategies,
and to this end, we propose the MDT approach.
MDT is a promising approach for identifying candidates who are most likely to benefit from surgical resection, since this modality concentrates the superiority of a
series of colorectal cancer-associated disciplines, including imaging, radiology, surgery, and oncology[13,22]. Our
data revealed that an R0 resection rate of 87.8% could
be achieved in patients who underwent surgery following MDT evaluation, which was significantly higher
than that in previous reports[8,9,20,21], and suggested that
patient selection for surgery might be dramatically im-

Table 4 Multivariate Cox regression (backward method) of
prognostic factors in relation to 5 year overall survival
Hazard ratio (95%CI)

P value

2.734 (1.212-6.168)
1.078 (0.716-1.625)
0.978 (0.953-1.004)
1.776 (0.870-3.625)
0.657 (0.326-1.322)
1.088 (0.447-2.647)
1.423 (0.575-3.517)

0.015
0.718
0.102
0.114
0.239
0.853
0.445

CEA: Carcinoembryonic antigen.

patients with different recurrence patterns: the 5-year
survival rate was 63% in patients with the axial type,
28.6% in the anterior type, 12.5% in the posterior type,
and 4.3% in the lateral type (P < 0.001). Univariate analysis also demonstrated that patients who underwent R0
resection had a significantly improved survival rate than
those with palliative resection or conservative therapy
(55.6% vs 14.8%, P < 0.001; Figure 1). Gender, age, primary surgery, pathological stage of primary tumor, and
serum CEA were not associated with long-term survival
(Table 3).
Multivariate analysis revealed that only the R0 resection independently influenced long-term survival of locally recurrent rectal cancer (P < 0.05). Although other
factors, including the recurrence pattern, may associate
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0.2

0

The serum carcinoembryonic antigen (CEA) level after recurrence. OS:
Overall survival.

R0 resection
Recurrence pattern
Interval to recurrence
Gender
Age
Serum CEA
Primary tumor stage

0.4

0.0

1

Variables

0.6
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proved via discussion by the MDT. Additionally, 8 out of
10 patients who were evaluated as marginally resectable
gained R0 resection after preoperative chemoradiotherapy, based on the downsizing of the recurrent tumor;
which suggested that the MDT approach may improve
resectability by individual and multimodality treatment
for LRRC. However, our findings need further studies
to verify this, and our conclusion needs to be definitely
proven by well-designed prospective cohort studies.
The basis of improved patient selection for surgery
is the accurate evaluation of the recurrence pattern,
which was also the main concern of the discussion by
the MDT. Several studies have demonstrated that the
recurrence pattern is a decisive factor for resectability[3,4,11,12]. Moore et al[12] reported the axial and anterior
type of recurrences had a R0 resection rate greater than
70%, whereas the lateral type had a R0 resection rate
lower than 20%. Yamada et al[11] also reported that the involvement of the pelvic sidewall in LRRC is a dominant
adverse factor for surgery and prognosis, with a 5-year
survival rate lower than 5%. Our data revealed that the
recurrence pattern was an optimal index to accurately
select indicated patients for surgery, since the difference
was dramatically significant in R0 resection and survival
between each pattern, with a favorable outcome in the
axial type and a poor prognosis in the lateral type. Therefore, based on the results of this study, we recommend
including the recurrence pattern as an essential criterion
in clinical decision making.
In terms of the independent prognostic factors of
long-term survival, the conclusions from this study are
in accordance with those of most current reports, in
that R0 resection is the most critical factor compared to
other clinicopathological variables[3,4,10,11,20,21]. Although
some studies have mentioned that elevated serum CEA,
primary tumor stage, recurrence pattern, and other factors, may also have predictive value for long-term survival of LRRC[5,9,10,23]; these factors were demonstrated
to be not as strong as radical surgery in their influence
on the 5-year survival rate[10]. Therefore, the most pragmatic and effective way to improve long-term survival is
to enhance radical resection for indicated patients via an
MDT discussion.
In summary, this study reveals that the MDT approach optimizes the treatment strategy of LRRC; and
among all the clinicopathological factors, R0 resection is
the most significant factor affecting long-term survival.

This study addresses the role and effectiveness of MDT in the treatment of
LRRC, which was rarely reported in other studies. The results of this study
suggest that among all the clinicopathological factors, R0 resection is the most
significant factor affecting long-term survival, and MDT modality could improve
R0 resection by optimize the treatment strategy.

Innovations and breakthroughs

This study demonstrated that the MDT approach could optimize the treatment
strategy of LRRC; and R0 resection is still the most significant factor affecting
long-term survival.

Applications

The MDT modality should be widely applied in the treatment of LRRC, since it
could optimize treatment strategy and improve R0 resection.

Terminology

Local recurrence refers to the occurrence of recurrent tumors after prior radical
resection located within the pelvis, either alone or in conjunction with metastases. A multidisciplinary team is a unit or working group composed of specialists
from multiple disciplines which are associated with a certain disease.

Peer review

This is an excellent study in which the authors analyzed the associations between recurrence pattern and resectability, as well as the influential factors of
long-term survival. All the pretreatment evaluation and therapy were made by
a special MDT, which is a distinctive characteristic of this study. The results are
interesting, and suggest that the recurrence pattern is a decisive factor of resectability, and that R0 resection is still the most significant factor affecting longterm survival. This study has important clinical significance for the identification
of the indicated patients for surgery and those who had a better prognosis.
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BRIEF ARTICLE

Prealbumin is predictive for postoperative liver insufficiency
in patients undergoing liver resection
Liang Huang, Jing Li, Jian-Jun Yan, Cai-Feng Liu, Meng-Chao Wu, Yi-Qun Yan
liver insufficiency and failure were defined as prolonged hyperbilirubinemia unrelated to biliary obstruction or leak, clinically apparent ascites, prolonged coagulopathy requiring frozen fresh plasma, and/or hepatic encephalopathy. The incidence of postoperative
liver insufficiency or liver failure was observed and the
attributing risk factors were analyzed. A multivariate
analysis was conducted to determine the independent
predictive factors.
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RESULTS: Among the 427 patients, there were 362
males and 65 females, with a mean age of 51.1 ±
10.4 years. Most patients (86.4%) had a background
of viral hepatitis and 234 (54.8%) patients had liver
cirrhosis. Indications for partial hepatectomy included
hepatocellular carcinoma (391 patients), intrahepatic
cholangiocarcinoma (31 patients) and a combination
of both (5 patients). Hepatic resections of ≤ 3 and ≥
4 liver segments were performed in 358 (83.8%) and
69 (16.2%) patients, respectively. Seventeen (4.0%)
patients developed liver insufficiency after hepatectomy, of whom 10 patients manifested as prolonged
hyperbilirubinemia unrelated to biliary obstruction or
leak, 6 patients had clinically apparent ascites and prolonged coagulopathy, 1 patient had hepatic encephalopathy and died on day 21 after surgery. On univariate analysis, age ≥ 60 years and prealbumin < 170
mg/dL were found to be significantly correlated with
postoperative liver insufficiency (P = 0.045 and P =
0.009, respectively). There was no statistical difference
in postoperative liver insufficiency between patients
with or without hepatitis, liver cirrhosis and esophagogastric varices. Intraoperative parameters (type of
resection, inflow blood occlusion time, blood loss and
blood transfusion) and laboratory test results were not
associated with postoperative liver insufficiency either.
Age ≥ 60 years and prealbumin < 170 mg/dL were
selected on multivariate analysis, and only prealbumin
< 170 mg/dL remained predictive (hazard ratio, 3.192;
95%CI: 1.185-8.601, P = 0.022).

Abstract
AIM: To investigate the risk factors for postoperative
liver insufficiency in patients with Child-Pugh class A
liver function undergoing liver resection.
METHODS: A total of 427 consecutive patients undergoing partial hepatectomy from October 2007 to April
2011 at a single center (Department of Hepatic SurgeryⅠ, Eastern Hepatobiliary Surgery Hospital, Shanghai, China) were included in the study. All the patients
had preoperative liver function of Child-Pugh class A
and were diagnosed as having primary liver cancer by
postoperative histopathology. Surgery was performed
by the same team and hepatic resection was carried
out by a clamp crushing method. A clamp/unclamp
time of 15 min/5 min was adopted for hepatic inflow
occlusion. Patients’ records of demographic variables,
intraoperative parameters, pathological findings and
laboratory test results were reviewed. Postoperative
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CONCLUSION: Prealbumin serum level is a predictive
factor for postoperative liver insufficiency in patients
with liver function of Child-Pugh class A undergoing
hepatectomy. Since prealbumin is a good marker of
nutritional status, the improved nutritional status may
decrease the incidence of liver insufficiency.

partment of Hepatic SurgeryⅠ, Eastern Hepatobiliary
Surgery Hospital, Shanghai, China). This database comprises 427 patients undergoing partial hepatectomy with
liver function of Child-Pugh class A observed during
the period from October 2007 to April 2011. All the patients were diagnosed as having primary liver cancer by
postoperative histopathology.
Before surgery, all patients had a chest X-ray, ultrasonography, esophagogastric endoscopy, and contrast computed tomography scan or magnetic resonance imaging of
the abdomen. Laboratory blood tests included count of
white blood cell and platelet, hepatitis B surface antigen,
antibodies to hepatitis C, serum alpha-fetoprotein, carcinoembryonic antigen, carbohydrate antigen 19 to 9, serum
albumin, serum prealbumin, serum total bilirubin, alanine
aminotransferase (ALT) and prothrombin time (PT).
Surgery was performed through a right subcostal
incision with a midline extension. As for hepatic inflow
occlusion, normothermic intermittent interruption of
the porta hepatis, with a clamp/unclamp time of 15
min/5 min, was adopted. Hepatic resection was carried
out by a clamp crushing method, which has been reported previously[6]. Blood loss was accurately recorded
and blood transfusion was given when necessary. Serum
albumin, serum prealbumin, serum total bilirubin, ALT,
PT and ascites were monitored after surgery. Patients
were discharged when the liver function was recovered
(total bilirubin ≤ 34 μmol/L, ALT ≤ 40 IU/L, PT ≤
15 s, no ascites on abdominal ultrasound and no appearance of hepatic encephalopathy).
We reviewed patients’ records for demographic variables (age, gender, hepatitis background, liver cirrhosis
and esophagogastric endoscopic findings), intraoperative
parameters (type of resection, inflow blood occlusion
time, blood loss and blood transfusion), pathological
diagnosis and laboratory test results. Postoperative liver
insufficiency and failure were defined as “prolonged
hyperbilirubinemia unrelated to biliary obstruction or
leak, clinically apparent ascites, prolonged coagulopathy
requiring frozen fresh plasma, and/or hepatic encephalopathy”[7], which was recommended by Mullin et al[5].

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
In spite of techniques such as local ablation, liver resection is still the accepted gold standard treatment for
liver tumors. The aim of liver resection is to remove all
macroscopic diseases (with negative resection margins),
retain sufficient functioning liver[1] and preserve vascular
inflow and outflow. If too much healthy liver parenchyma is removed, patients may develop postoperative
liver insufficiency or liver failure, which is a complication
dreaded by surgeons.
The search for a method to categorically quantify the
functional reserve of the liver and tailor surgical intervention has resulted in the development of a range of
methods. These methods range from clinical scores such
as the Child-Pugh classification, tests assessing complex
hepatic metabolic pathways and radiological methods
assessing functional reserve. Child-Pugh classification, a
convenient and practical scoring system, has proven to be
a useful tool in estimating the risks for both hepatic and
nonhepatic surgery in patients with liver diseases[2-4]. Liver
resection is generally safe for patients with preoperative
liver function of Child-Pugh class A, even for patients
with cirrhosis. However, a minority of patients undergoing apparently safe resection still inexplicably develop
postoperative liver insufficiency or liver failure despite
seemingly sufficient liver remained preoperatively[5].
The objective of this study is to determine the incidence of postoperative liver insufficiency in patients with
preoperative liver function of Child-Pugh class A who
underwent liver resection, and to clarify the risk factors
for postoperative liver insufficiency in those patients.

Statistical analysis
Data were collected and analyzed with the SPSS statistical
software (SPSS version 16.0, Chicago, IL, United States).
The variable data were expressed as means and SDs or
median and range. Categorical variables were compared
using χ 2 or Fisher’s exact test when appropriate, and
continuous variables were compared using the independent sample t test. A multiple logistic regression analysis
was used to determine predictors of postoperative liver
insufficiency.
Variables with a P < 0.05 in the univariable analysis
were added to the multi-variable model. In the multivariate analysis, a stepwise method was used to select variables for the final model: the conditional probabilities for
stepwise entry and stepwise removal of a factor were 0.05
and 0.20, respectively.

MATERIALS AND METHODS
We reviewed the data of a single center database (De-
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Table 1 Baseline characteristics of all 427 patients

Table 2 Univariate analysis of factors related to postoperative liver insufficiency

n = 427

Variables
Sex (male/female)
Age (yr)
Surgical indications
HCC
ICC
HCC-ICC1
Tumor size (cm)
WBC (× 109/L)
PLT (× 109/L)
PT (s)
Total bilirubin (µmol/L)
Albumin (g/L)
Prealbumin (mg/dL)
ALT (IU/L)
Hepatitis virus background
HBV
HCV
HBV-HCV2
None
Liver cirrhosis
Yes
No
Ascites
Little
No
Esophageal varices
Present
Absent
Types of liver resection
Minor ≤ 3 liver segments
Major ≥ 4 liver segments
Inflow blood occlusion time (min)
Blood loss (mL)
Blood transfusion (yes/no)

362/65
51.1 ± 10.4

Variables

391
31
5
6.2 ± 4.0
5.5 ± 1.8
160.5 ± 66.4
12.2 ± 4.8
14.6 ± 5.8
42.0 ± 4.0
217.6 ± 61.0
47.4 ± 43.7

Sex (male/female)
17/0
Age (yr)
57.6 ± 7.1
< 60
10
7
≥ 60
Tumor size (cm)
6.6 ± 5.0
4
≥ 10
< 10
13
WBC (× 109/L)
5.2 ± 1.9
PLT(× 109/L)
146.0 ± 88.2
PT (s)
12.5 ± 1.3
Total bilirubin (µmol/L)
16.3 ± 5.7
Albumin (g/L)
40.2 ± 4.3
Prealbumin (mg/dL)
191.4 ± 59.6
< 170
8
9
≥ 170
ALT (IU/L)
52.2 ± 38.0
3
≥ 100
< 100
14
Viral background
HBV and/or HCV
4
None
13
Liver cirrhosis
No
5
Yes
12
Ascites
Little
3
No
14
Esophageal varices
Present
4
Absent
13
Types of liver resection
Minor ≤ 3 liver segments
12
Major ≥ 4 liver segments
5
Inflow blood occlusion time (min) 17.2 ± 6.2
> 20
4
13
≤ 20
Blood loss (mL)
200 (50-5500)
1
≥ 800
< 800
16
Blood transfusion
Yes
1
No
16

362
4
3
58
234
193
48
378
60
367
358
69
15.8 ± 8.0
200 (50, 5500)
43/384

1

Concurrence of HCC and ICC; 2Concurrence of HBV and HCV. HCC:
Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; WBC:
White blood cell; PLT: Platelet; PT: Prothrombin time; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

RESULTS
Baseline data
The clinical features of the 427 patients included in the
study are reported in Table 1. There were 362 males and
65 females, with a mean age of 51.1 ± 10.4 years. Most
patients (86.4%) had a background of viral hepatitis
(hepatitis B and/or hepatitis C), 234 (54.8%) patients
suffered from liver cirrhosis, and 48 (11.2%) patients
had controlled ascites before surgery. Indications for
partial hepatectomy included hepatocellular carcinoma
(391 patients), intrahepatic cholangiocarcinoma (31 patients) and combination of hepatocellular carcinoma and
intrahepatic cholangiocarcinoma (5 patients). Hepatic
resection of ≤ 3 and ≥ 4 liver segments was performed
in 358 (83.8%) and 69 (16.2%) patients, respectively.

Patients
without liver
P value
insufficiency
(n = 410)
345/65
50.8 ± 10.4
325
85
6.2 ± 3.9
79
331
5.5 ± 1.8
161.1 ± 65.4
12.2 ± 4.9
14.5 ± 5.8
42.0 ± 4.3
217.9 ± 61.1
84
326
47.2 ± 43.9
29
381

0.075
0.008

0.664

0.581
0.357
0.816
0.205
0.074
0.049

0.647

0.222
54
356
0.182
188
222
0.415
46
364
0.251
56
354
0.130
346
64
15.7 ± 8.0
102
308
200 (50-2800)
36
374

0.438

0.362

0.558
42
368

WBC: White blood cell; PLT: Platelet; PT: Prothrombin time; ALT: Alanine
aminotransferase; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

obstruction or leak, 6 patients had clinically apparent ascites and prolonged coagulopathy requiring frozen fresh
plasma, and 1 patient had hepatic encephalopathy and
died on day 21 after surgery.
To determine the risk factors for postoperative liver
insufficiency, 427 patients were classified into two groups:
patients with liver insufficiency (17 patients) and patients
without liver insufficiency (410 patients). Eighteen variables as listed in Table 2 were analyzed. On univariate
analysis, age ≥ 60 years and prealbumin serum level <
170 mg/dL were found to be significantly correlated
with the postoperative liver insufficiency (P = 0.045 and
P = 0.009, respectively). On multivariate analysis using

Liver insufficiency and its risk factors
There were 17 (4.0%) patients who had liver insufficiency after hepatectomy, of whom 10 patients presented
with prolonged hyperbilirubinemia unrelated to biliary
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a logistic regression, only prealbumin serum level < 170
mg/dL remained predictive (hazard ratio, 3.192; 95%CI:
1.185-8.601, P = 0.022).

level < 170 mg/dL was an indicator of malnutrition.
With regard to the Child-Pugh score, we noticed that
the initial version of Child or Child-Turcotte score[8],
included nutritional status which was classified as good,
fair and poor. One of the limitations which is argued by
studies reported thereafter was that some values (ascites,
encephalopathy and nutritional status) were determined
subjectively by clinicians[24,25]. There was no quantitative
index for clinicians to give the substantial score. Due to
its good representation of nutritional status, we think
that prealbumin could be a quantitative variable to evaluate the patient’s nutritional status, and possibly as a modification to the Child-Pugh classification system, which
will make the score system more objective to assess the
liver function.
Almost all the serum prealbumin is synthesized in the
liver, thus, its level can be influenced by the liver condition. It has been reported that the prealbumin level could
be lowered in patients with acute or chronic liver diseases
and alcoholism[16]. We think that the decreased prealbumin level may reflect the damage of liver function, which
also indicates the risk of liver insufficiency after hepatectomy. More importantly, oral and parenteral steroids can
falsely elevate the prealbumin levels. This elevation can
make patients on steroids appear to be at a lower risk for
surgery than they really are[26]. For those patients, more
attention should be paid and other variables can be taken
into account to justify the liver function.
In summary, the present study exhibited that the minority of patients (4.0%) with good liver function (ChildPugh class A) still had postoperative liver insufficiency,
one of them even developed undesirable liver failure.
Patients’ age ≥ 60 years and serum level of prealbumin
serum level < 170 mg/dL were found to be significantly
correlated with the postoperative liver insufficiency, and
prealbumin serum level < 170 mg/dL remained predictive for liver insufficiency after liver resection. Considering prealbumin has served as a good marker of nutritional status in cancer patients, the improved nutritional
status may decrease the incidence of liver insufficiency.
However, further studies with a larger number of patients are needed to confirm this hypothesis.

Other complications
Twenty-five patients had one or more complications,
one (0.2%) them died in the hospital because of multiple
organ failure including liver failure, the other patients recovered after a longer hospital stay. These complications
included pleural effusion (15 patients), abdominal hemorrhage (3 patients), wound infection (2 patients), acute
renal failure (2 patients) and bile leakage (1 patient).

DISCUSSION
Child score, first proposed in 1964[8] and modified as
Child-Pugh score thereafter, was originally developed
to predict the risk of mortality in patients undergoing
shunting procedures for portal hypertension. Its role has
been expanded to predict risk for a range of procedures,
including hepatectomy, and liver resection is generally
safe in patients with class A liver function[9]. However, in
the present study, the minority of patients (4.0%) with
good liver function (Child-Pugh class A) still had postoperative liver insufficiency, one of them even developed
undesirable liver failure.
Because of several apparent limitations in the assessment of risk of liver failure following hepatectomy, to
improve the Child-Pugh classification system, many quantitative techniques have been developed to assess postoperative risk of liver failure in patients undergoing hepatectomy. Indocyanine green (ICG) elimination is the most
widely used assessment for liver function and a number
of retrospective studies have found some efficacy in predicting liver dysfunction and mortality following hepatectomy[10-13]. Unfortunately, ICG elimination is not a routine
test in our hospital and we could not present such data in
this study. However, with the finite data in our study, we
found that patients with postoperative liver insufficiency
were correlated with elder age and lower serum level of
prealbumin, and prealbumin serum level < 170 mg/dL remained predictive for liver insufficiency after hepatectomy.
Prealbumin, also known as transthyretin, is synthesized
in the liver and serves as a transport protein throughout the body. Serum prealbumin differs from albumin,
which has a relatively short half-life of 48 h and does not
accumulate in the body to undergo redistribution[14-17].
Therefore, it might be a better indicator to assess nutritional status than the widely used albumin serum level,
and any fluctuations in nutritional status can be detected
rapidly[18,19]. Prealbumin has been considered an effective
indicator of malnutrition in cancer patients[15,16]. Nutrition
is an important part of the management of surgical patients, and poor nutritional status in patients undergoing
surgery is well known to increase postoperative morbidity
and mortality by deteriorating various organ functions
and the immune system of the host[14,20-23]. Thus, we could
infer that it was the poor nutritional status that caused the
postoperative liver insufficiency, and prealbumin serum
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Contrast-enhanced ultrasonography assessment of gastric
cancer response to neoadjuvant chemotherapy
Jian Ang, Liang Hu, Pin-Tong Huang, Jin-Xiu Wu, Ling-Na Huang, Chun-Hui Cao, Yi-Xiong Zheng, Li Chen
2012 were analyzed. Pre-operative chemotherapy regimens of fluorouracil + oxaliplatin or S-1 + oxaliplatin
were administered in 2-4 cycles over 6-12 wk periods.
All patients underwent contrast-enhanced computed
tomography (CT) scan and DCUS before and after two
courses of pre-operative chemotherapy. The therapeutic response was assessed by CT using the response
evaluation criteria in solid tumors (RECIST 1.1) criteria.
Tumor area was assessed by DCUS as enhanced appearance of gastric carcinoma due to tumor vascularity
during the contrast phase as compared to the normal
gastric wall. Histopathologic analysis was carried out
according to the Mandard tumor regression grade criteria and used as the reference standard. Receiver operating characteristic (ROC) analysis was used to evaluate the efficacy of DCUS parameters in differentiating
histopathological responders from non-responders.
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RESULTS: The study population consisted of 32 men
and 11 women, with mean age of 59.7 ± 11.4 years.
Neither age, sex, histologic type, tumor site, T stage,
nor N stage was associated with pathological response.
The responders had significantly smaller mean tumor
size than the non-responders (15.7 ± 7.4 cm vs 33.3 ±
14.1 cm, P < 0.01). According to Mandard’s criteria, 27
patients were classified as responders, with 11 (40.7%)
showing decreased tumor size by DCUS. In contrast,
only three (18.8%) of the 16 non-responders showed
decreased tumor size by DCUS (P < 0.01). The area
under the ROC curve was 0.64, with a 95%CI of
0.46-0.81. The effects of several cut-off points on diagnostic parameters were calculated in the ROC curve
analysis. By maximizing Youden’s index (sensitivity +
specificity - 1), the best cut-off point for distinguishing responders from non-responders was determined,
which had optimal sensitivity of 62.9% and specificity
of 56.3%. Using this cut-off point, the positive and
negative predictive values of DCUS for distinguishing responders from non-responders were 70.8% and
47.4%, respectively. The overall accuracy of DCUS for
therapeutic response assessment was 60.5%, slightly

Abstract
AIM: To quantitatively assess the ability of double contrast-enhanced ultrasound (DCUS) to detect tumor early
response to pre-operative chemotherapy.
METHODS: Forty-three patients with gastric cancer
treated with neoadjuvant chemotherapy followed by curative resection between September 2011 and February
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response to treatment[4]. Unfortunately, the morphologic
imaging techniques, including CT, magnetic resonance
image (MRI) and endoscopic ultrasonography (EUS),
have limited accuracy for detecting residual tumorous tissue within chemotherapy-treated areas due to occlusion
by chemotherapy-induced fibrosis[3,4].
Double contrast-enhanced ultrasound (DCUS) was recently developed as a complementary tool for the existing
imaging modalities to help improve assessment of gastric
cancer[5,6]. In clinical application of this technology, use of
an oral ultrasound contrast agent reveals the three-layered
structure of the gastric wall, while use of intravenous
contrast reveals the dynamic features of tumor vascularity. Thus, patient evaluation with double contrast provides
qualitative and quantitative measures by which changes in
gastric cancer pathophysiology may be evaluated and used
to determine a patient’s prognosis or treatment responsiveness[5]. In addition, DCUS is superior to the traditional
staging methods for gastric cancer since it can assess the
depth of tumor penetration and the presence of lymph
node metastases. However, no study to date has systematically evaluated the DCUS parameters for differentiating
histopathological responders from non-responders after
NAC and prior to surgical treatment.
The purpose of this study was to determine whether
DCUS parameters are able to differentiate histopathological
responders from non-responders early in the NAC course
of treatment. In addition, the predictive value of DCUS
was compared with the routine CT imaging technique.

higher than the 53.5% for CT response assessment
with RECIST criteria (P = 0.663). Although the advantage was not statistically significant, likely due to
the small number of cases assessed. DCUS was able
to identify decreased perfusion in responders who
showed no morphological change by CT imaging,
which can be occluded by such treatment effects as
fibrosis and edema.
CONCLUSION: DCUS may represent an innovative tool
for more accurately predicting histopathological response
to neoadjuvant chemotherapy before surgical resection
in patients with locally-advanced gastric cancer.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Patients
Forty-five consecutive patients who underwent pre-oper
ative NAC followed by curative resection at the Second
Affiliated Hospital at Zhejiang University College of Me
dicine between September 2011 and February 2012 were
enrolled in the study. NAC was recommended for patients
according to the following criteria: (1) a diagnosis of histologically proven gastric adenocarcinoma; (2) clinical stage
of T4a or greater, and/or any T stage with lymph node
metastasis; (3) Eastern Cooperative Oncology Group performance status of 2 or less; (4) adequate organ function;
and (5) no active concomitant malignancy. All patients
underwent pre-operative staging by both CT and DCUS.
During the NAC treatment period, one of the study participants developed an irresectable tumor and a second
developed metastatic disease; both of these patients were
removed from the study and excluded from analysis.
The response to chemotherapy was evaluated for each
patient after two courses of chemotherapy had been completed, according to the RECIST criteria. For cases showing partial response (PR), one or two more courses were
administered or the patient underwent surgical resection.
The study was carried out with pre-approval by the institute’s Medical Ethics Committee. All subjects provided
written informed consent prior to study participation.

INTRODUCTION
Neoadjuvant chemotherapy (NAC) is a particularly promising component of the current multidisciplinary model
for treating locally-advanced gastric cancer. Recent studies have shown that pre-operative NAC can increase the
likelihood of curative resection, thereby improving longterm survival[1]. However, in cases where patients prove
unresponsive to the pre-operative NAC regimen, the
result is higher risk of tumor progression and death since
the surgical treatment is delayed. Thus, in contrast to a
post-operative NAC regimen, pre-operative NAC requires
an accurate, non-invasive technique to assess short-term
therapeutic response. Such a technique should not only
identify unresponsive cases in a timely manner to initiate
individualized treatment options but also provide alternative endpoints for identifying non-responders and prognostic parameters for assessing individual prognosis[2].
Currently, computed tomography (CT) is a key method for evaluating chemotherapy response in patients with
advanced gastric cancer. The parameters of CT imaging
to assess tumor response to treatment are well defined
and established in the standard workup for gastric cancer
staging[3]. The response evaluation criteria in solid tumors
(RECIST 1.1) were developed in 2009 as a robust and
standardized guideline for clinical assessment of tumor
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Pre-operative chemotherapy regimens
Two NAC regimens were randomly used: either fluorouracil + oxaliplatin (FOLFOX) or S-1 + oxaliplatin (SOX)
were administered for 2-4 cycles (as noted above) over a
period of 6-12 wk. The fluorouracil was given on day 1 of
each cycle at 400 mg/m2 IVP, followed by 2400 mg/m2
IVCI over 48 h. The S-1 was given at 80 mg/m2 per day
for 14 d, and then repeated three weeks later. For both
regimens, the oxaliplatin was given on day 1 of each cycle
at 130 mg/m2 Ⅳ over 2 h.

The resectability of the tumors, the extent of lymph node
dissection, and the type of gastrectomy procedure were
determined according to the perioperative observations.
The gastrectomy procedure (total or subtotal) was selected
based on the location and extent of the primary lesion.
For successful resection, the resection lines had to be at
least 5 cm from the edge of the macroscopic tumor. D2
(extended) or D3/D4 (super-extended) lymphadenectomies were performed according to the guidelines of the
Japanese Research Society for Gastric Cancer (14th ed).

Evaluation of tumor therapeutic response by CT and
DCUS
CT scanning and DCUS were performed before and after
two courses of the pre-operative NAC (either FOLFOX
or SOX). For contrast-enhanced abdominal CT (Somatom
Definition AS scanner; Siemens Medical Solutions, Forchheim, Germany), patients were fasted for six hours and
given a 450 mL bolus of pure water immediately before
the CT scanning to induce gastric distention. Contrast
medium [OmnipaqueTM (iohexol); GE Healthcare, Cork,
Ireland] was delivered intravenously at a rate of 3 mL/s
by using an automatic injector to achieve a total injection
volume of 2 mL/kg. For DCUS, the Sequoia 512 Acuson
sonographic system (Siemens Medical Solutions) equipped
with CadenceTM contrast pulse sequencing visualization
technology and a 4V1 vector transducer to deliver low
acoustic pressure frequencies (1.0-4.0 MHz) was used.
Oral contrast agent and intravenous contrast medium
were administered sequentially, as previously described[5,6].
Briefly, the patients drank the Xinzhang oral contrast
agent (Huqingyutang, Zhejiang, China; http://dazzy007.
cn.makepolo.com/product/8891276.html) diluted in 500
mL of warm water to distend the stomach immediately
before the procedure. Each dose of the microvesicle
intravenous contrast medium (SonoVue, Bracco, Italy)
was dissolved in 5 mL of saline and a 2.4 mL bolus was
injected into the patient’s superficial elbow vein.
CT and DCUS images were interpreted and reviewed
by two independent diagnostic specialists, each with more
than 10 years of experience in gastric imaging. All specialists were blinded to the histological findings and the samesample findings from the other technique for evaluating
the therapeutic response. The therapeutic response indicated by CT assessment was classified using the RECIST
1.1 criteria[4] as: complete response, PR, stable disease, or
progressive disease. Tumor area was assessed by DCUS
as enhanced appearance of gastric carcinoma due to tumor vascularity during the contrast phase as compared to
the normal gastric wall. Thus, the DCUS detected NAC
response was evaluated according to: (1) the static change
of ultrasonic echo; and (2) the dynamic (real-time) assessment of tumor vascularity and lymph nodes.

Assessment of pathologic response to NAC
Pathological findings served as the reference standard for
all patients. The pathological response to NAC was evaluated according to the criteria of Mandard’s tumor regression grade, which was based on the percentage of viable
residual tumor cells in relation to fibrosis/necrosis [7].
Patients with TRG1-2 were defined as responders, while
patients with TRG3-5 were defined as non-responders.
Statistical analysis
All statistical analysis were carried out using SPSS software (version 16.0 for Windows; Chicago, IL, United
States). The χ 2 or Fisher’s exact tests were used to determine the significance of associations between pathologic
findings and categorical variables. Receiver operating
characteristic (ROC) curves were constructed to evaluate
the ability of DCUS to identify a histopathological therapeutic response, with the area under the curves and the
corresponding 95%CIs being calculated. The effects of
several cut-off points on diagnostic parameters were determined by the ROC curve analysis. To compare the CT
and DCUS procedures, the summary accuracy measure
of Youden’s index (sensitivity + specificity - 1) was used.
By maximizing Youden’s index, the best cut-off for distinguishing pathological responders from non-responders
was identified. All tests were two-sided with P values of
< 0.05 considered as indicating statistical significance.

RESULTS
The study population consisted of 32 men and 11 women, with a mean age of 59.7 ± 11.4 years (range: 34-79
years). The baseline patient and tumor characteristics are
summarized in Table 1, with patients stratified according to the status as histopathological responders or nonresponders.
Neither age, sex, histologic type, tumor site, T stage,
nor N stage was significantly associated with the pathological response (χ 2 test, P > 0.05). However, the mean tumor
size was significantly smaller in the responders than in the
non-responders (15.7 ± 7.4 cm vs 33.3 ± 14.1 cm, P < 0.01).
The individual patient data of change in tumor size
showed that 40.7% (11/27) of the responders experienced a decrease in tumor size that was detected by
DCUS. However, significantly less, only 18.8% (3/16), of
the non-responders showed a decrease in tumor size, as
detected by DCUS (P < 0.01).

Surgery
Surgery was performed between weeks 3 and 5 after the
completion of pre-operative NAC. All surgical procedures
were carried out using an open laparotomy approach.
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Table 1 Patient’s clinical data and pathological features (n = 43)

No.
Age (yr), mean (range)
Gender
Male
Female
Histological type
Well differentiated
Moderately differentiated
Poorly differentiated
Signet ring cell type
Tumour size, cm (mean ± SD)
Tumour site
Fundus and cardia
Body
Antrum and pylorus
Pathological T classification
T4a
T4b
Pathological N classification
NN+
Chemotherapy
FOLFOX
SOX
Chemotherapy cycle
2
3
4

Histopathologic Histopathologic
responders
non-responders
27
68.7 (34-75)

16
62.2 (39-79)

19
8

13
3

4
6
12
5
15.7 ± 7.4

2
5
5
4
33.3 ± 14.1

P value

Sensitivity Specificity
CT
13 (48.1)
DCUS 17 (62.9)

0.370
0.429

PPV

NPV

Accuracy

χ 2 P value

10 (62.5) 13 (66.7) 10 (41.7) 23 (53.5) 0.427 0.663
9 (56.3) 17 (70.8) 9 (47.4) 26 (60.5)

Double contrast-enhanced ultrasound (DCUS) had an overall accuracy
of 60.5%, with a positive predictive value (PPV) of 70.8%. NPV: Negative
predictive value; CT: Computed tomography.

0.934

1.0
0.003
0.376

3
7
17

4
5
7

22
5

13
3

8
19

4
12

0.744

15
12

9
7

0.965

12
12
3

4
10
2

0.8

True positive rate

Characteristic

Assessable patients with
Mandard’s TRG

Table 2 Comparison between computed tomography and double
contrast-enhanced ultrasound for neoadjuvant chemotherapy response assessment n (%)

0.475

0.6

0.4

0.2

0.432
0.0

TRG: Tumor regression grade.

0.2

0.4
0.6
False positive rate

0.8

1.0

Figure 1 Receiver operator characteristics curve for the assessment of
histopathologic response using double contrast-enhanced ultrasound.
Area under the receiver-operating characteristic curve: 0.64 (95%CI: 0.46-0.81).
The solid circle indicates the best cut-off point for distinguishing the responders
from the non-responders.

The ROC curve analysis for identifying histopathologic
responders based on DCUS-detected changes in tumor
size is shown in Figure 1. The area under the receiveroperating characteristic curve (AUC) was 0.64 (95%CI:
0.46-0.81). Using ROC curve analysis with Youden’s index
maximization, the best cut-off for distinguishing the responders from the non-responders was identified, which
showed optimal sensitivity of 62.9% and specificity of
56.3%. For this cut-off point, the positive and negative predictive values of DCUS for distinguishing the
responders from the non-responders were 70.8% and
47.4%, respectively. The overall accuracy of DCUS for
therapeutic response assessment was 60.5%, compared
with the slightly lower overall accuracy (53.5%) of CT assessment with RECIST criteria (P = 0.663, Table 2).
Interestingly, we found that DCUS was able to identify decreased perfusion in the tumors of responders who
showed no morphological changes by the CT imaging
technique. We believe the false negative findings of CT
were likely due to occlusion by chemotherapy-induced
effects, such as fibrosis and edema.

surgery alone, clinicians and researchers have been actively
pursuing methods to improve the survival rates of these
patients. The approach of providing chemotherapy prior
to the resection surgery (pre-operative/neoadjuvant) has
proven beneficial for locally-advanced tumors[8-10]. Patients
receiving pre-operative NAC have shown increased likelihood of curative resection and improved overall survival.
Although several studies have demonstrated the significant
benefits of NAC, compared to surgery alone, for patients
with resectable locally-advanced gastric cancer, the major
clinical response rate has only reached 38%-69.7%[11,12].
The current standard method for discriminating chemotherapeutic responders from non-responders is histopathologic analysis, which measures the extent of the
residual tumor. This method, however, is applicable only
in a post-operative setting and cannot be used for either
the pre-operative design of personalized treatment or the
planning of intra-operative strategies[13]. Previous studies have revealed that the conventional imaging modalities (EUS, CT and MRI) to detect tumor volumetry lack
reliability for predicting response to chemotherapy[14,15].
Moreover, the response evaluation methods based on the

DISCUSSION
Given the generally poor long-term survival (< 20%-30%)
achieved in advanced gastric cancer patients who undergo
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World Health Organization or RECIST criteria were reported to be highly inaccurate for gastric cancer[16]. The
recently developed technology of functional imaging,
which detects or measures changes in metabolism, blood
flow, regional chemical composition, and absorption, appears to be a promising alterative for monitoring chemotherapeutic effects in gastric tumors[17]. In addition, the
semi-quantitative approach of measuring glucose metabolism by means of positron emission tomography (PET)
was shown to have clinical relevance in determining the
response to chemotherapy for several tumor types, including gastric carcinomas[18]. While both PET and PET/
CT are well-established methods of molecular imaging,
they are each limited by poor spatial resolution[19]. In this
regard, the CT and MRI technologies are preferable;
however, these imaging technologies are restricted from
widespread use due to their technical complexity and high
cost which is often not amenable to smaller, underfunded
clinics, especially those in rural areas.
Zhou et al[20] was the first to suggest that quantifying tumor perfusion with contrast-enhanced ultrasound
may help detect changes in tumor perfusion after chemotherapy, based on their findings in an animal model.
Our present study assessed the clinical value of a new
functional imaging modality, DCUS, for non-invasive assessment of response to NAC in locally-advanced gastric
cancer patients. The routine ultrasound techniques, US
and EUS, rely purely on acoustic shadowing for visualization. As such, they are unable to differentiate conditions
of inflammation and fibrosis in tumorous tissues, which
leads to misinterpretation of the tumor depth[3]. Chemotherapy- induced death of cancer cells results in reduced
blood perfusion and decreased metabolic activity of the
tumor. Since DCUS is capable of assessing the physiological blood flow within a tumor, it is also able to assess the
depth of tumor penetration and lymph node metastasis[21].
Quantitative assessment of tumor perfusion with
contrast-enhanced ultrasound has already been successfully applied in both animal model[22-24] and clinical[25,26]
studies. However, to the best of our knowledge, our study
presented herein is the first to evaluate the efficiency of
DCUS-detected tumor perfusion to monitor gastric cancer tumor response to chemotherapy. Although the indicated value of this technique in early assessment of tumor
response to chemotherapy must be further tested in larger
and more heterogeneous study populations, our preliminary results indicate that DCUS provides better diagnostic
performance (AUC: 0.64) and accuracy (65.1%) for the
assessment of a histopathological response than the standard CT imaging technique. Moreover, the results from
the current study have clinical implications for customizing gastric cancer treatments to individual risk profiles,
which should be explored in future studies.
In conclusion, in this study of patients with locallyadvanced gastric cancer undergoing NAC, we found that
DCUS may be as an innovative tool for predicting pathological response at an early stage of the NAC regimen
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and prior to definitive resection. Because this technique is
non-invasive and does not cause patient discomfort, it is
particularly promising for repeated monitoring during the
chemotherapy treatment period. Some limitations exist in
the current study, however, that may impact the generalization of our findings. Despite the fact that the present
study is the first to investigate the potential of DCUS
response assessment during neoadjuvant chemotherapy
in patients with gastric cancer, the total number of cases
assessed was small (n = 43). We found that tumor size was
affected by chemotherapy, and considered this a parameter of the assessment method, but we did not investigate
any fluctuations in tumor size over time or in response to
features of the chemotherapy regimen (doses, drug type,
or cycle duration). Finally, our institute does not routinely
use ultrasonography techniques as an evaluation modality
for gastric cancer, so we were unable to draw conclusions
about which analysis method is most useful (i.e., EUS vs
DCUS). In order to determine whether DCUS can actually be used for accurate response prediction, a larger, multiinstitute study is required.

COMMENTS
COMMENTS
Background

Gastric cancer is currently the fourth most commonly diagnosed cancer worldwide, and it ranks second among cancer-related deaths. Currently, almost twothirds of the gastric cancer cases occur in developing countries, with China
alone accounting for 42%. Neoadjuvant chemoradiotherapy (NACRT) before
surgery can improve survival in patients with locally-advanced gastric cancer,
but not all patients respond to this treatment. An accurate method to assess
short-term response to NACRT is critical for identifying responsive and nonresponsive patients to design appropriate individualized treatment strategies.

Research frontiers

The criteria of computed tomography (CT) imaging for assessing tumor response
to chemotherapy is well defined, and a well-established component of the standard workup for gastric cancer staging. However, CT imaging is usually not accurate for identifying the presence of residual tumorous tissues within areas with
chemotherapy-induced effects, such as fibrosis. Their previous studies showed
that double contrast-enhanced ultrasound (DCUS) is superior to the traditional
CT-based gastric cancer staging methods to assess tumor penetration depth
and lymph node metastases. In the current study, authors aimed to determine
whether DCUS parameters are able to differentiate histopathological responders
from non-responders in the early stage after neoadjuvant chemotherapy (NAC),
and if so to compare the predictive efficacy of DCUS with that of CT imaging.

Innovations and breakthroughs

The results of the current study demonstrate that DCUS has optimal sensitivity and specificity for distinguishing histopathological responders from nonresponders among NAC-treated gastric cancer patients. The overall accuracy
of 60.5% was slightly higher than that of 53.5% for CT assessment with the
response evaluation criteria in solid tumors criteria. Moreover, DCUS was able
to identify decreased perfusion in cases of responders who showed no morphological changes by CT imaging, which had been likely occluded by treatment
effects, such as fibrosis and edema.

Applications

DCUS is a feasible addition to the preoperative workup for NAC response assessment in gastric cancer patients. The results of DCUS may be beneficial
and additive for formulating appropriate treatment plans for individual patients.
Finally, ultrasound is a low-cost technique that is amenable to widespread application in small clinical setting with restricted funding and may prove a valuable
technique for assessing the patients served by such clinics.

Terminology

Contrast-enhanced ultrasound is based on the traditional medical sonography
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imaging technique but combined with contrast agents to enhance and differentiate various sections of an object under investigation. The substance composition of each of the various ultrasound contrast agents reflects sound waves in
a distinctive manner. Neoadjuvant therapy is the administration of therapeutic
agents prior to the main treatment regimen being initiated. The objective of
neoadjuvant chemotherapy for gastric carcinoma is to reduce the size or extent
of the cancer lesion prior to the curative resection surgery; smaller tumors are
easier to resect and less extensive tumors have a higher chance of complete
removal. Use of neoadjuvant chemotherapy is expected to reduce the potential
risk and side effects of more radical surgical interventions required for larger
and more extensive tumors.

11

12

Peer review

This is an interesting study in which authors evaluate the efficacy of double
contrast-enhanced ultrasound for assessing tumor response to pre-operative
chemotherapy in patients with gastric cancer. The results suggest that DCUS may
represent an innovative tool for accurate predicting of histopathological response
to neoadjuvant chemotherapy in patients with locally-advanced gastric cancer.
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was defined as serum triglycerides ≥ 150 mg/dL or serum cholesterol ≥ 200 mg/dL or the need for pharmacologic treatment at the sixth month after LDLT. Early
renal dysfunction (ERD) was defined as serum creatinine ≥ 2 mg/dL and/or the need for renal replacement
therapy in the first post-transplant week.
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RESULTS: In 115 eligible patients, the incidence of
PTHL was 24.3%. Recipients with PTHL showed a higher incidence of post-transplant cardiovascular events
compared to those without PTHL (17.9% vs 4.6%, P
= 0.037). Serum creatinine showed significant positive
correlations with total serum triglycerides, both at posttransplant month 1 and 3 (P < 0.01). Patients with ERD
had much higher pre-transplant serum creatinine levels
(P < 0.001) and longer duration of pre-transplant renal
insufficiency (P < 0.001) than those without ERD. Pretransplant serum creatinine, graft-to-recipient weight
ratio, graft volume/standard liver volume ratio, body
mass index (BMI) and ERD were identified as risk factors for PTHL by univariate analysis. Furthermore, ERD
[odds ratio (OR) = 9.593, P < 0.001] and BMI (OR =
6.358, P = 0.002) were identified as independent risk
factors for PTHL by multivariate analysis.
CONCLUSION: Renal function is closely associated
with the development of PTHL in LDLT. Post-transplant
renal dysfunction, which mainly results from pre-transplant renal insufficiency, contributes to PTHL.
© 2012 Baishideng. All rights reserved.

Abstract

Key words: Hyperlipidemia; Liver transplantation; Renal
insufficiency; Graft function; Risk factors; Prognosis

AIM: To investigate the impact of renal and graft function on post-transplant hyperlipidemia (PTHL) in living
donor liver transplantation (LDLT).

Peer reviewers: Hatipoglu S, Department of Surgery, Inonu

University Faculty of Medicine, 44000 Malatya, Turkey; Herrero
JI, Liver Unit, University Clinic and CIBERehd, University of Navarra, Ave Pio XII 36, 31008 Pamplona, Spain; Mehmet Yilmaz,
Department of General Surgery, Inonu University, School of Medicine, 44280 Malatya, Turkey

METHODS: A total of 115 adult patients undergoing
LDLT from January 2007 to May 2009 at a single center
were enrolled. Data were collected and analyzed by the
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from January 2007 to May 2009 at the First Affiliated
Hospital, Zhejiang University School of Medicine, China
were included in this retrospective study. Patients who
died within 3 mo of LDLT were excluded. A total of
115 (96 male and 19 female) patients with a mean age of
44.7 ± 10.11 years (median: 46 years, range: 18-64 years)
at transplantation were finally included. The indications
for LT included cirrhosis (n = 63, 54.8%), acute liver
failure (n = 28, 24.3%) and hepatocellular carcinoma (n =
24, 20.9%). Patient characteristics are shown in Table 1.
Written informed consent was acquired from all donors
and recipients before transplantation. Each organ donation and transplantation at our center was strictly carried
out under the guidelines of the Ethics Committee of the
First Affiliated Hospital, Zhejiang University, the regulation of Organ Transplant Committee of Zhejiang Province and the Helsinki Declaration of 1975. No prisoners
were included in this study.
All patients received a triple immunosuppressive regimen incorporating tacrolimus, prednisolone, and mycophenolate mofetil as described previously[15]. An interleukin (IL)-2 receptor blocker was used in some patients.
Prednisolone was withdrawn within the first post-transplant month. A reduced dose of tacrolimus was given to
patients who developed post-transplant renal impairment.
All patients were routinely followed up at the out-patient
clinic and the mean follow-up time was 2.66 ± 1.02 years
(median: 1.98 years, range: 0.50-4.63 years).

Ling Q, Wang K, Lu D, Guo HJ, Jiang WS, He XX, Xu X, Zheng
SS. Major influence of renal function on hyperlipidemia after
living donor liver transplantation. World J Gastroenterol 2012;
18(47): 7033-7039 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i47/7033.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i47.7033

INTRODUCTION
Post-transplant hyperlipidemia (PTHL) is a common
and serious complication in liver transplantation (LT).
It is estimated that 45%-70% of LT recipients develop
PTHL[1-4]. Previous studies have shown that recipients
with lipid metabolic disorders are approximately 3-4
times more likely to have cardiovascular events than recipients without lipid metabolic disorders[5,6]. Therefore,
PTHL is well recognized as one of the major risk factors for cardiovascular diseases, including myocardial
infarction, ischemic stroke and peripheral arterial disease.
Furthermore, cardiovascular complications after LT exert negative effects on the recipient’s long-term survival
and quality of life and are becoming the leading cause of
non-graft related deaths in LT recipients[7-9].
The pathogenesis of PTHL remains to be elucidated.
Possible factors that may increase the risk of PTHL include overweight or obesity, advanced age, and the use of
immunosuppressive agents[2,10]. Immunosuppressive drugs
were considered to have a major effect on the development
of metabolic syndromes in previous years. Today, immunosuppressive drugs are known to have a reduced impact on
glucose and lipid metabolism[11]. Low toxicity immunosuppressive protocols (e.g., early withdrawal of steroids and
low-dose calcineurin inhibitors) have decreased the impact
of immunosuppressive drugs on PTHL. It is known that
the liver plays an essential role in lipoprotein metabolism
and is involved in almost every key step during lipid anabolism and catabolism. In living donor liver transplantation
(LDLT), graft function can be influenced by reduced graft
size, preservation and ischemia-reperfusion injuries. Early
allograft dysfunction (EAD) may occur in more than
10% of LT recipients and result in an unfavorable prognosis[12,13]. More importantly, renal insufficiency, which is
common in liver transplant candidates, is closely associated
with significant alterations in lipid metabolism. Early renal
dysfunction (ERD), which is also common after LT, may
indicate a prolonged recovery of kidney insufficiency and
indicates a poor outcome[14].
To date, it is still unknown whether impaired kidney
or graft function can cause derangements in lipid metabolism after LDLT. To clarify these questions, we designed
this retrospective study with the aim of evaluating the impact of renal and graft function on lipid metabolism after
LDLT and to identify the possible risk factors for PTHL.

Data collection
The data were extracted from the China Liver Transplant
Registry (CLTR) database: age (donor/recipient), gender
(donor/recipient), underlying liver diseases, cold ischemic
time, graft-to-recipient weigh ratio (GR/WR), graft volume to standard liver volume ratio (GV/SLV), donor’s
hepatic steatosis, recipient’s pre-transplant metabolic status [history of smoking, alcohol abuse, diabetes mellitus,
hypertension, hyperlipidemia, body mass index (BMI)],
recipient’s post-transplant liver function (bilirubin, alanine transaminase, aspartate transaminase, cholinesterase
and international normalized ratio), recipient’s pre/posttransplant renal function (serum creatinine), donor’s and
recipient’s pre/post-transplant serum lipid profile (total
triglycerides, total cholesterol), immunosuppressive regimen (agents and plasma levels), and recipient’s posttransplant complications.
Hyperlipidemia was defined as serum triglycerides ≥
150 mg/dL or serum cholesterol ≥ 200 mg/dL or the
need for pharmacologic treatment[16]. Patients were divided into the PTHL group (n = 28) and non-PTHL group
(n = 87) according to their serum lipid levels at the sixth
month after LDLT. EAD was defined by the presence of
at least one of the following features: total bilirubin > 10
mg/dL, prothrombin time ≥ 17 s, or hepatic encephalopathy from day 2 to 7 post-transplantation[17]. ERD was
defined as serum creatinine ≥ 2 mg/dL and/or the need
for renal replacement therapy in the first post-transplant
week[18]. Renal insufficiency was defined as pre-transplant
serum creatinine > 1.5 mg/dL[18].

MATERIALS AND METHODS
Study population
All adult (age ≥ 18 years old) patients undergoing LDLT

WJG|www.wjgnet.com

7034

December 21, 2012|Volume 18|Issue 47|

Ling Q et al . Renal function on post-transplant hyperlipidemia
Table 2 Comparison between patients with and without early
renal dysfunction (means ± SD)

Table 1 Patients’ characteristics in post-transplant hyperlipidemia group and non post-transplant hyperlipidemia group
(means ± SD)
PTHL group
(n = 28)
Donor
Age (yr)
24.8 ± 4.3
Male/female (n)
27/1
Cold ischemia time (h)
1.2 ± 0.5
GR/WR (%)
1.0 ± 0.2
GV/SLV (%)
58.5 ± 5.6
Hepatic steatosis n (%)
2 (7.1)
Serum triglyceride
90.9 ± 42.4
(mg/dL)
Serum cholesterol
137.3 ± 30.9
(mg/dL)
Recipient
Age (yr)
45.4 ± 8.2
Male/female (n)
27/1
Primary liver diseases n (%)
Cirrhosis
12 (42.9)
Acute liver failure
9 (32.1)
Hepatocellular
7 (25)
carcinoma
Pre-transplant metabolic status
BMI (kg/m2)
23.2 ± 3.16
Smoking n (%)
7 (25)
Alcohol abuse n (%)
3 (10.7)
Diabetes mellitus n (%)
2 (7.1)
Hypertension n (%)
3 (10.7)
Hyperlipidemia n (%)
4 (14.3)
Pre-transplant MELD
23.8 ± 12.4
score
Total bilirubin
14.2 (1.0-36.5)
(mg/dL)
International
1.6 ± 1.1
normalized ratio
Serum creatinine
0.9 (0.5-4.0)
(mg/dL)
Post-transplant tacrolimus level (ng/mL)
Month 1
8.1 ± 2.8
Month 3
9.2 ± 2.6
Month 6
6.7 ± 2.2
Follow-up period (yr)
2.7 ± 1.2

ERD
(n = 16)

Non-PTHL group P value
(n = 87)
24.0 ± 6.4
80/7
1.1 ± 0.4
1.1 ± 0.2
62.6 ± 10.7
7 (8.0)
96.2 ± 45.0

NS
NS
NS
0.048
0.011
NS
NS

135.7 ± 27.1

NS

44.5 ± 10.6
69/18

NS
NS

51 (58.6)
19 (21.8)
17 (19.5)

NS
NS
NS

21.9 ± 2.79
19 (21.8)
13 (14.9)
4 (4.6)
5 (5.7)
15 (17.2)
20.1 ± 9.6

0.036
NS
NS
NS
NS
NS
NS

12.8 (0.8-33.6)

NS

1.4 ± 0.6

NS

0.7 (0.4-4.5)

0.004

9.8 ± 4.6
8.3 ± 2.6
7.7 ± 2.7
2.6 ± 0.9

NS
NS
NS
NS

P value

Pre-transplant
MELD
30.1 ± 11.7
19.5 ± 9.4
< 0.001
Total bilirubin (mg/dL)
15.2 (1.8-29.8) 13.6 (0.8-36.5)
NS
International normalized
1.6 ± 0.9
1.4 ± 0.7
NS
ratio
Serum creatinine (mg/dL)
2.2 (0.7-4.0)
0.8 (0.5-4.5) < 0.001
Renal insufficiency > 15 d
11 (68.8)
15 (15.2)
< 0.001
n (%)
Hemodialysis n (%)
11 (68.8)
5 (5.1)
< 0.001
Serum triglyceride (mg/dL)
77.7 ± 58.4
77.7 ± 62.7
NS
Serum cholesterol (mg/dL)
92.7 ± 42.9
119.3 ± 55.6
NS
Post-transplant
Serum creatinine (mg/dL)
At month 1
1.4 (0.6-2.8)
0.7 (0.2-1.2) < 0.001
At month 3
1.0 (0.6-3.0)
0.7 (0.3-1.3)
0.008
At month 6
1.1 (0.6-4.1)
0.7 (0.3-1.5) < 0.001
Total bilirubin (mg/dL)
At month 1
1.3 (0.4-4.3)
1.1 (0.3-5.8)
NS
At month 3
0.6 (0.2-2.5)
0.7 (0.3-2.5)
NS
At month 6
0.6 (0.3-2.0)
0.8 (0.4-2.8)
NS
Cholinesterase (U/L)
At month 1
3681.3 ± 1354.3 4403.9 ± 1323.6
NS
At month 3
5996.7 ± 1619.4 6830.7 ± 1750.5
NS
At month 6
7255.4 ± 1662.9 7171.5 ± 1721.6
NS
Hypertriglyceridemia n (%)
9 (56.3)
12 (12.1)
< 0.001
Hypercholesterolemia n (%)
3 (18.8)
9 (9.1)
NS
PTHL n (%)
9 (56.3)
19 (19.2)
0.003
Hypertriglyceridemia was defined as serum triglycerides ≥ 150 mg/dL;
Hypercholesterolemia was defined as serum cholesterol ≥ 200mg/dL.
PTHL: Post-transplant hyperlipidemia; MELD: Model for end-stage of
liver disease; ERD: Early renal dysfunction; NS: Not significant.

Statistical Department.

RESULTS
Prevalence and prognosis of hyperlipidemia
Of 115 eligible recipients, 19 (16.5%) had pre-transplant
hyperlipidemia and 28 (24.3%) developed PTHL. Of the
recipients with and without pre-transplant hyperlipidemia, the incidence of PTHL did not differ significantly
(21.1% vs 25%, P = 0.714).
Of 115 donors, 13 (11.3%) were diagnosed with hyperlipidemia and 9 (7.8%) had hepatic steatosis. However,
neither donor hyperlipidemia nor hepatic steatosis was
found to be differently distributed between the PTHL
group and non-PTHL group (both P > 0.05) (Table 1).
Nine recipients (7.8%) developed cardiovascular
events, including four with nonfatal myocardial infarction, two with cardiac arrhythmia, one with cardiac arrest
and two with stroke, with a mean onset time of 10.5 mo
(median: 8 mo, range: 3-15 mo). Compared to the nonPTHL group, the PTHL group had a higher incidence of
cardiovascular events after LDLT (n = 5, 17.9% vs n = 4,
4.6%, P = 0.037). The 1- and 3-year cumulative survival
rates were 89.3% and 85.7% in the PTHL group, and
97.7% and 85.0% in the non-PTHL group, respectively.

PTHL: Post-transplant hyperlipidemia; GR/WR: Graft-to-recipient weight
ratio; GV/SLV: Graft volume/standard liver volume; BMI: Body mass
index; MELD: Model for end-stage liver disease; NS: Not significant.

Statistical analysis
Quantitative variables were presented as mean ± SD or
median with range. Categorical variables were expressed
as numbers and percentages. The Student’s t test or
Mann-Whitney U test was used to compare quantitative
variables and the χ 2 test was used to compare categorical variables. Pearson’s correlation and scatter plot graph
were used for correlation analysis. Logistic regression
was used to identify the risk factors for PTHL. Variables
that were statistically significant in univariate analysis
were entered into multivariate analysis. The KaplanMeier method and log-rank test were used for survival
analysis. SAS software version 9.2 (SAS institute, Cary,
NC, United States) was used to complete all the analyses,
and a P value of less than 0.05 was considered statistically significant. Data analysis was performed by the CLTR
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Figure 1 Variation tendency of graft and renal function by post-transplant month 6 in all recipients. A: Alanine/aspartate transaminase; B: Total bilirubin; C:
Cholinesterase; D: Serum creatinine. Data were presented as means ± SD.

There was no statistically significant difference between
the two groups in cumulative survival (P = 0.956).

transplant month (Figure 1) and were significantly related
to serum triglyceride level at the first (r = 0.440, P < 0.001)
and third (r = 0.250, P = 0.007) post-transplant month,
respectively (Figure 2C and D). Serum creatinine levels
at the first post-transplant month differed significantly
between the PTHL and non-PTHL groups (1.10 ± 0.67
mg/dL vs 0.73 ± 0.25 mg/dL, P = 0.001).
ERD occurred in 16 (13.9%) of 115 post-transplant
recipients. There was a statistically significant difference
between ERD and non-ERD recipients in pre-transplant
renal function (Table 2). Serum creatinine remained high
during the first 6 post-transplant months in ERD recipients. Of the 16 recipients with ERD, 9 and 5 needed
hemodialysis in the first and third post-transplant month,
respectively. The prevalence of PTHL in ERD patients
was significantly higher than that in non-ERD patients
(56.3% vs 19.2%, P = 0.003), notably for hypertriglyceridemia (56.3% vs 12.1%, P < 0.001).

Graft function and post-transplant hyperlipidemia
As shown in Figure 1, alanine transaminase, aspartate
transaminase and bilirubin, which indicate hepatic cellular injury, decreased sharply in the first post-transplant
month and continued to decline to the normal range
during the next two months. Cholinesterase, which represents hepatocellular synthetic function, remained at a low
level during the first post-transplant month and gradually
increased to an ideal level at post-transplant month 3. Of
these parameters, cholinesterase had a significant positive
correlation with serum cholesterol level at post-transplant
month 1 (r = 0.341, P = 0.001) and month 3 (r = 0.280, P
= 0.003), respectively (Figure 2A and B). However, cholinesterase was not associated with the development of
PTHL following logistic regression analysis (P > 0.05).
EAD occurred in 18 (15.7%) of 115 recipients. At the
third post-transplant month, EAD had resolved in 77.8%
(14/18) of patients. Primary graft non-function was not
observed. The incidence of PTHL did not differ significantly between patients with EAD and those without
EAD (33.3% vs 20.6%, P = 0.236).

Risk factors for post-transplant hyperlipidemia
We postulated that donors’ pre-transplant hyperlipidemia
and hepatic steatosis, GR/WR (%) and GV/SLV (%); recipients’ pre-transplant serum creatinine level, pre-transplant BMI and pre-transplant hyperlipidemia, post-transplant tacrolimus level, post-transplant diabetes within the
first six months after LDLT[15], post-transplant BMI at
the sixth month after LDLT, EAD and ERD were poten-

Renal function and post-transplant hyperlipidemia
Serum creatinine levels decreased during the first post-
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Figure 2 Correlation between serum cholesterol and triglyceride level and cholinesterase at post-transplant. A: Correlation between serum cholesterol level
and cholinesterase at post-transplant month 1; B: Correlation between serum cholesterol level and cholinesterase at post-transplant month 3; C: Correlation between
serum triglyceride level and serum creatinine at post-transplant month 1; D: Correlation between serum triglyceride level and serum creatinine at post-transplant
month 3.

tial risk factors for PTHL. Following univariate analysis,
five variables were identified as significant risk factors
for PTHL and were entered into the multivariate analysis
(Table 3). We subsequently found that ERD [odds ratio
(OR) = 9.593, P < 0.001] and BMI (OR = 6.358, P =
0.002) were independent risk factors for PTHL.

In fact, it is well known that chronic kidney disease is
associated with hyperlipidemia. In the kidney, the apical
surface of proximal tubules has a high capacity for receptor-mediated uptake of filtered lipid-binding plasma proteins[19]. Therefore, hyperlipidemia induced by impaired
renal function is characterized by abnormal metabolism
of plasma lipoproteins[20,21]. The reduced catabolic rate
of triglyceride-rich lipoproteins and the growing hepatic
production of triglyceride-high lipoproteins may explain
why hypertriglyceridemia is one of the most common
quantitative lipid abnormalities in patients with chronic
kidney disease[22,23]. Consistent with previous findings,
the impaired renal function and recovered liver synthetic
function in patients with ERD during the early posttransplant period may explain the development of hypertriglyceridemia in this study. Therefore, more emphasis
should be placed on this issue, as more and more patients
are undergoing liver transplantation with higher serum
creatinine levels in the era of MELD.
Another finding in this study was that graft function
was associated with cholesterol metabolism after LDLT.
Our results showed the smooth recovery of decompensated liver function during the early post-transplant
period. Furthermore, elevated serum cholinesterase level,
which represents the recovery of hepatic cellular synthetic function, was significantly correlated with an increase

DISCUSSION
The most important finding in this study was the correlation between renal function and PTHL, which may
be of great help in better understanding the pathogenesis of PTHL, and as much as possible, preventing its
development. It was demonstrated that post-transplant
serum creatinine had a significant positive correlation
with serum triglycerides both in the first and third posttransplant month. More importantly, using multivariate
regression analysis, ERD was found to be an independent
risk factor for PTHL. Patients with ERD usually had a
relatively long-term and severe renal insufficiency before
transplantation, and impaired renal function resolved very
slowly during the first six months after transplantation.
Here, we provide the first evidence that delayed recovery
of renal function after transplantation, which was probably due to chronic kidney injury before transplantation,
can result in PTHL, especially hypertriglyceridemia.
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Table 3 Logistic regression analysis of variables relating to post-transplant hyperlipidemia
Univariate analysis
Pre-transplant serum creatinine
GR/WR (%)
GV/SLV (%)
Pre-transplant BMI
ERD

≥ 1.5 mg/dL

< 1.5 mg/dL
< 1.0
≥ 1.0
< 60
≥ 60
2
≥ 25 kg/m
< 25 kg/m2
With
Without

Multivariate analysis

OR (95%CI)

P value

3.810 (1.203-12.063)

0.023

NS

2.667 (1.116-6.372)

0.027

NS

2.806 (1.158-6.798)

0.022

NS

4.105 (1.435-11.752)

0.008

6.358 (2.026-19.958)

0.002

5.143 (1.789-16.383)

0.003

9.593 (2.803-32.827)

< 0.001

OR (95%CI)

P value

PTHL: Post-transplant hyperlipidemia; GR/WR: Graft-to-recipient weight ratio; GV/SLV: Graft volume/standard liver volume;
BMI: Body mass index; ERD: Early renal deficiency; NS: Not significant.

in cholesterol level within the normal range. It is noteworthy that cholesterol plays an active role during liver
regeneration. It is not only a structural component, but
also a significant regulator in the control of the intermediate metabolism of different liver cell types[24]. This implies that there may be mutual benefits between improved
graft synthetic function and cholesterol homeostasis.
Since donor pre-transplant serum lipid level may play
an essential role in the development of PTHL[25], we also
analyzed the association between pre-transplant donor
serum lipid level and post-transplant recipient serum lipid
level. No significant difference in the incidence of PTHL
was found between the recipients receiving grafts from
pre-transplant hyperlipidemic and non-hyperlipidemic
donors. The pre-transplant serum triglyceride and cholesterol levels of donors in the PTHL group were not
significantly higher than those in the non-PTHL group.
Therefore, in this study, there was no obvious evidence
to show that pre-transplant donors’ serum lipid level or
fatty liver exerted crucial effects on the development of
PTHL.
High BMI was found to be another independent risk
factor for PTHL in this study. As a main component of
the metabolic syndrome, high BMI or obesity before
LT has been reported to be associated with an increased
prevalence of PTHL[26]. It seems unlikely that dietary
habits and unhealthy lifestyle can be changed and thus
patients retain their obesity status, resulting in abnormalities in lipid metabolism. It was notable that some patients
had pre-transplant hyperlipidemia, but did not have
PTHL in this study. A possible reason for this is that pretransplant hyperlipidemia, which resulted mainly from
hepatorenal syndrome due to end-stage liver disease,
could be improved or resolved by the recovery of liver
and kidney function after liver transplantation.
A high blood concentration of tacrolimus has been
reported to contribute to PTHL in LDLT[27]. However,
in the present study, we did not find an association between immunosuppressive drugs and PTHL. This may
be due to the early steroid withdrawn and low tacrolimus
concentration protocol. Furthermore, reduced-dose tacrolimus with or without an IL-2 receptor blocker was
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given to patients who developed post-transplant renal
impairment, which also minimizes the side-effects of immunosuppressive drugs on lipid metabolism.
There were some limitations in this study. Firstly, it
was not a prospective study. The impact of graft and
kidney function on the development of PTHL requires
confirmation in prospective studies with larger samples.
Secondly, a longer period of follow-up is necessary to
identify the natural history of PTHL and to determine
the influence of PTHL on a recipient’s prognosis. Thirdly, a study at the molecular level should be performed as
the donor’s genotype may play a role in the development
of metabolic diseases.
In conclusion, renal and graft function correlated
with lipid metabolism after LDLT. Severe pre-transplant
renal insufficiency may lead to long-term post-transplant
renal dysfunction, and consequently cause PTHL, especially hypertriglyceridemia. Appropriate clinical treatment
such as the prophylactic use of fibrates or statins may
be considered to prevent PTHL in patients who develop
ERD or have longstanding pre-transplant renal dysfunction. Well-designed and large-sample studies are needed
to verify these results.
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The pathogenesis of PTHL remains to be elucidated. Possible factors which
may increase the risk of PTHL include overweight or obesity, advanced age,
and the use of immunosuppressive agents. Immunosuppressive drugs were
considered to have a major effect on the development of metabolic syndromes
in previous years. Today, immunosuppressive drugs are known to have a reduced impact on glucose or lipid metabolism. Low toxicity immunosuppressive
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protocols (e.g., early withdrawal of steroids and low-dose calcineurin inhibitors)
have decreased the impact of immunosuppressive drugs on PTHL.

Innovations and breakthroughs

12

Over the past few years, most researchers have focused their attention on
immunosuppressive protocols and obesity status. However, together with the
application of lower toxicity immunosuppressive protocols, an increasing number of articles have shown that novel immunosuppressive therapy has less of
an impact on glucose and lipid metabolism. Therefore, authors looked into the
possibility that kidney and graft function may have a potential relationship with
PTHL. From the results, renal and graft function were shown to correlate with
lipid metabolism after living donor liver transplantation. Severe pre-transplant
renal insufficiency may lead to long-term post-transplant renal dysfunction, and
consequently result in PTHL, especially hypertriglyceridemia. Appropriate clinical treatment such as the prophylactic use of fibrates or statins may prevent
PTHL in patients who develop early renal dysfunction or have longstanding pretransplant renal dysfunction.
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Applications
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This study suggested that there was a correlation between renal function and
PTHL, which may be of great help in better understanding the pathogenesis of
PTHL, and as much as possible, preventing its development.

Peer review

This is a good retrospective study. There were some limitations in this study, but
were reasonably explained by the authors. In my opinion, this study is original
and it is acceptable for publication.
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BRIEF ARTICLE

Effect of salvianolate on intestinal epithelium tight junction
protein zonula occludens protein 1 in cirrhotic rats
Dan-Hong Yang, Zai-Yuan Ye, Yuan-Jun Xie, Xu-Jun He, Wen-Juan Xu, Wei-Ming Zhou
group, medium-dose salvianolate (24 mg/kg) treatment
group, and high-dose salvianolate (48 mg/kg) treatment group, and were treated for 2 wk. Another 10
healthy rats served as the normal control group. Histological changes in liver tissue samples were observed
under a light microscope. We evaluated morphologic indices of ileal mucosa including intestinal villi width and
thickness of mucosa and intestinal wall using a pathological image analysis system. Ultrastructural changes
in small intestinal mucosa were investigated in the five
groups using transmission electron microscopy. The
changes in ZO-1 expression, a tight junction protein,
were analyzed by immunocytochemistry. The staining
index was calculated as the product of the staining intensity score and the proportion of positive cells.
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RESULTS: In the untreated group, hepatocytes sho
wed a disordered arrangement, fatty degeneration was
extensive, swelling was obvious, and disorganized lobules were divided by collagen fibers in hepatic tissue,
which were partly improved in the salvianolate treated
groups. In the untreated group, abundant lymphocytes
infiltrated the fibrous tissue with proliferation of bile
ducts, and collagen fibers gradually decreased and
damaged hepatic lobules were partly repaired following
salvianolate treatment. Compared with the untreated
group, no differences in intestinal villi width between
the five groups were observed. The villi height as
well as mucosa and intestinal wall thickness gradually
thickened with salvianolate treatment and were significantly shorter in the untreated group compared with
those in the salvianolate treatment groups and normal
group (P < 0.01). The number of microvilli decreased
and showed irregular lengths and arrangements in
the untreated group. The intercellular space between
epithelial cells was wider. The TJs were discontinuous,
which indicated disruption in TJ morphology in the
untreated group. In the treated groups, the microvilli
in the intestinal epithelium were regular and the TJs
were gradually integrated and distinct. The expression
of ZO-1 decreased in the small intestine of the un-

Abstract
AIM: To study the effect of salvianolate on tight junctions (TJs) and zonula occludens protein 1 (ZO-1) in
small intestinal mucosa of cirrhotic rats.
METHODS: Cirrhosis was induced using carbon tetrachloride. Rats were randomly divided into the untreated
group, low-dose salvianolate (12 mg/kg) treatment
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cantly reduced expression of TJ proteins, higher ChildPugh score, and decreased liver function[14]. As an important contributor to the development of liver cirrhosis, the
physical barrier of the small intestine represents an ideal
therapeutic target[15]. However, there are no reports on an
effective means of preventing disruption of the intestinal
physical barrier in liver cirrhosis.
Radix Salvia miltiorrhiza, a traditional Chinese medicinal herb known as “danshen” has been widely used for
the treatment of various cardiovascular diseases[16,17]. Salvia miltiorrhiza (S. miltiorrhiza) extracts contain lipid-soluble
diterpene quinones (tanshinones) and water-soluble phenolic acid derivatives such as salvianolic acid A and B and
lithospermic acid B[18]. Recent pharmacological research
has shown that S. miltiorrhiza eliminates oxygen free
radicals, enhances antioxidant activity, decreases serum
cytokine levels, and inhibits endotoxemia[19]. Moreover, S.
miltiorrhiza can block the lethal toxicity of lipopolysaccharides in mice via suppression of tumor necrosis factor-α
(TNF-α) release[20] and help to maintain the integrity of
the endothelial junction structure[21]. Salvianolate is a new
water-soluble phenolic compound and is one of the most
bioactive compounds in S. miltiorrhiza Bge. However, in
carbon tetrachloride (CCl4)-induced cirrhosis in rats, the
effect of salvianolate on the physical barriers of the small
intestine is less clear. A previous study demonstrated that
salvianolate can reduce the endotoxin level, ameliorate
injury to the intestinal mucosa, and inhibit the expression
of TNF-α and interleukin-6 (IL-6) mRNA in the small
intestine of cirrhotic rats[22]. Therefore, we used CCl4induced cirrhotic rats to evaluate changes in the epithelial
barrier of the ileal mucosa and the effect of different
doses of salvianolate on TJs and zonula occludens protein 1 (ZO-1) in microvillus cells of the small intestine
mucosa.

treated cirrhotic rats. The high expression rate of ZO-1
in ileal mucosa in the untreated group was significantly
lower than that in the medium-dose salvianolate group
2
(21.43% vs 64.29%, χ = 5.25, P < 0.05), high-dose
2
salvianolate group (21.43% vs 76.92%, χ = 8.315,
P < 0.01) and normal group (21.43% vs 90%, χ 2 =
10.98, P < 0.01).
CONCLUSION: Salvianolate improves liver histopathological changes, repairs intestinal mucosa and TJ
structure, and enhances ZO-1 expression in the small
intestinal mucosa in cirrhotic rats.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
In liver cirrhosis, disruption of the intestinal mucosal
barrier function and increased mucosal intestinal permeability lead to bacterial translocation and endotoxemia[1],
which increase susceptibility to infection, the most
frequent and severe of which is spontaneous bacterial
peritonitis[2,3]. Endotoxemia may affect liver function,
contribute to systemic hemodynamic derangement in
liver cirrhosis[4,5], and result in severe complications[6-8].
Therefore, restoring the integrity of the intestinal barrier
is an important goal in preventing deterioration of liver
function in patients with cirrhosis[3,9].
The intestinal mucosal barrier includes both secretory
and physical preventive measures against the penetration of microbes. The secretory mechanism is realized
through mucus secretion, local immunoglobulins and
bile salts. The physical mechanism is represented by the
intestinal epithelium[10,11], specifically its lack of permeability and active antimicrobial peptide production. The
tight junctions (TJs) of the intestinal epithelium allow
only the passage of very tiny molecules[12], preventing the
transport of bacteria or macromolecules (lipopolysaccharides)[13]. Disruption of the intestinal TJ barrier results
in a “leaky” TJ barrier, allowing paracellular permeation
of toxic luminal substances. Altered intestinal TJ expression in patients is a molecular mechanism of intestinal
hyperpermeability. It was demonstrated that patients with
decompensated and compensated cirrhosis had signifi-
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MATERIALS AND METHODS
A previous study demonstrated that salvianolate can
reduce endotoxin levels in the portal vein, ameliorate
injury to the intestinal mucosa, and inhibit cytokine gene
expression in rats with CCl4-induced liver cirrhosis[22].
To further explore the mechanism of salvianolate in
enhancement of the intestinal mechanical barrier, in
the present study, we evaluated liver histopathological
changes and morphologic indices of ileal mucosa using
light microscopy, analyzed the ultrastructural changes using transmission electron microscopy and the expression
of ZO-1, a TJ protein, using immunocytochemistry. The
results of this study may provide a new strategy for the
treatment of liver cirrhosis.
Animals
Ninety male Sprague-Dawley rats (weight: 180-220 g)
were provided by the Department of Animal Care, Zhejiang Traditional University, Hangzhou, China. Experimental animals were housed in individual cages at 22 ℃
to 25 ℃ under a 12-h light/dark cycle and fed a standard
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laboratory diet and tap water ad libitum.

finized with xylene, and rehydrated. The sections were
submerged in EDTA antigenic retrieval buffer and
microwaved for antigenic retrieval, after which they
were treated with 3% hydrogen peroxide in methanol
to quench endogenous peroxidase activity. They were
then incubated with 1% bovine serum albumin to block
nonspecific binding. Sections were incubated with mouse
anti-ZO-1 antibodies (Beijing Biosynthesis Biotechnology Co., Ltd., Beijing, China) overnight at 4 ℃. Normal
goat serum was used as a negative control. After washing,
tissue sections were treated with secondary antibody. Tissue sections were then counterstained with hematoxylin,
dehydrated and mounted. The cytoplasm and stroma
containing ZO-1 were stained as the buffy coat. The degree of immunostaining was reviewed and scored independently by two observers based on the proportion of
positively stained epithelium and intensity of staining[23-25].
The proportion of ZO-1 expression-positive areas was
scored as follows: 0 (≤ 5% positive area expression), 1
(6%-25% positive area expression), 2 (26%-50% positive
area expression), and 3 (> 51% positive area expression).
Staining intensity was graded according to the following
criteria: 0 (no staining), 1 (weak staining, light yellow), 2
(moderate staining, yellow-brown), and 3 (strong staining,
brown). The staining index was calculated as the product
of the staining intensity score and the proportion of positive cells. Using this method of assessment, we evaluated
ZO-1 expression in the intestinal mucous membranes by
determining the staining index with scores of 0, 1, 2, 3,
4, 6, or 9. The cutoff value for high and low expression
levels was chosen based on a measure of heterogeneity
using the log-rank test with respect to overall survival.
An optimal cutoff value was identified as follows: a staining index score of ≥ 6 was used to define high ZO-1
expression and a staining index score of < 6 was used to
indicate low ZO-1 expression.

Experimental protocol
The rats were randomly divided into two groups: the
normal control group (n = 10, group A) and the model
group. All model group rats received a subcutaneous
injection of 40% CCl4 in a 2:3 mixture with olive oil (0.3
mL/kg) once weekly for 12 wk. Liver cirrhosis was successfully induced in 55 rats at the end of 12 wk as shown
by liver histological evaluation. The 55 model rats were
further randomly divided into four subgroups: the untreated group (n = 14, group B), low-dose salvianolatetreated group (12 mg/kg) (n = 14, group C), mediumdose salvianolate-treated group (24 mg/kg) (n = 14,
group D), and high-dose salvianolate-treated group (48
mg/kg) (n = 13, group E). Group A was injected intraperitoneally with 5% glucose solution once daily for 2
wk. Groups C to E were treated intraperitoneally with
different doses of salvianolate dissolved in 5% glucose
solution once daily for 2 wk. 40% CCl4 administration
was continued for the 14-wk experimental period. At the
end of the experimental period, all rats were anesthetized
with 3% chloral hydrate and dissected. Blood samples
from the portal vein and intestinal tissue were obtained
for further analysis.
Assessment of histological changes in the liver and
morphologic indices of ileal mucosa
At the end of the 14-wk experimental period, the abdominal cavity in each rat was opened by a horizontal
incision along the mid-section and the liver and intestines
were excised. Tissue samples were taken immediately
and washed three times with cold physiological saline
and fixed in 10% formalin solution. After fixation, tissue
specimens were dehydrated and embedded in paraffin.
Sections from each sample were cut at a thickness of 4
μm and stained with hematoxylin and eosin (Olympus
BX50; Tokyo, Japan). We evaluated morphologic indices
of the ileal mucosa including intestinal villi width, and
thickness of the mucosa and intestinal wall using a pathological image analysis system (Leica Qwinv3, Jiangsu,
China).

Statistical analysis
Statistical analysis was performed using SPSS version 13.0
(Chicago, IL, United States). Results of the mucosal morphologic indices were assessed by analysis of variance.
Data were expressed as the means ± SD. The expression
rate of ZO-1 protein was compared using the χ 2 test. A
P value of < 0.05 was considered statistically significant.

Ultrastructure with transmission electron microscopy
Ileum samples in the five groups were separated and
fixed immediately with 2% glutaraldehyde, post-fixed
with 1% osmium tetroxide, and embedded in resin (EMbed 812 Embedding Kit, Electron Microscopy Sciences
Company, United States). Ultrathin sections were cut and
stained with uranyl acetate and lead citrate. Samples were
examined using a transmission electron microscope (Philips Tecnai 12, Holland) and analyzed by an electron microscope image analyzer (Erlangshen ES500W, Holland).

RESULTS
Liver histological evaluation
In the untreated group, hepatocytes showed a disordered
arrangement, fatty degeneration was extensive, and swelling was obvious. Spotty necrosis and eosinophilic bodies
appeared in the hepatic tissue. Disorganized lobules were
divided by collagen fibers. Central veins disappeared and
pseudolobules proliferated in the hepatic tissue. Abundant lymphocytes infiltrated the fibrous tissue with proliferation of bile ducts (Figure 1A). Collagen fibers gradually decreased and damaged hepatic lobules were partly
repaired by salvianolate treatment. Fatty degeneration of

Immunohistochemistry
Immunohistochemical analysis was performed to study
ZO-1 expression in the intestinal mucous membranes.
In brief, slides were baked at 55 ℃ for 2 h, deparaf-
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A

B

C

D

Figure 1 Liver histopathology in cirrhotic rats. A: Untreated group; B: Low-dose salvianolate-treated group; C: Medium-dose salvianolate-treated group; D: Highdose salvianolate-treated group (hematoxylin and eosin staining, × 200).

18.83 μm vs 179.02 ± 26.99 μm, 181.10 ± 30.71 μm and
230.28 ± 20.67 μm, respectively; P < 0.01). The intestinal walls were significantly thicker in groups C, D and
E compared with group B (226.37 ± 40.66 μm, 229.95
± 42.08 μm and 278.94 ± 39.94 μm vs 165.93 ± 23.02
μm, respectively; P < 0.01) (Table 1). These results show
that the intestinal mucosa was gradually thickened and
repaired by salvianolate treatment.

Table 1 Microscopic evaluation scores of mucosa in the five
groups (mean ± SD, μm)
Group n
A
B
C
D
E
b

10
14
14
14
13

Villi height

Villi width

Mucosa
thickness

Intestinal wall
thickness

221.82 ± 37.97b
99.14 ± 14.57
126.43 ± 22.12b
128.71 ± 20.33b
147.10 ± 19.48b

42.08 ± 8.74
38.84 ± 11.08
40.28 ± 8.98
40.59 ± 11.70
41.32 ± 6.17

260.55 ± 16.57b
131.43 ± 18.83
179.02 ± 26.99b
181.10 ± 30.71b
230.28 ± 20.67b

337.49 ± 36.92b
165.93 ± 23.02
226.37 ± 40.66b
229.95 ± 42.08b
278.94 ± 39.94b

Ultrastructural morphology of intestinal mucosa
In the normal group, regularly aligned microvilli and intact TJs were observed in the intestinal epithelium (Figure
2A). In the untreated group, the number of microvilli decreased and showed irregular lengths and arrangements.
The intercellular space between epithelial cells widened.
TJs were discontinuous, which indicated disruption in TJ
morphology in the untreated group (Figure 2B). In the
treated groups, the microvilli in the intestinal epithelium
were regular and the TJs were gradually integrated and
distinct (Figure 2C-E).

P < 0.01 vs group B.

hepatocytes was reduced and inflammatory cell infiltration decreased in the fibrous tissue, especially in the highdose salvianolate group (Figure 1B-D).
Morphologic indices of ileal mucosa
Histological changes observed in ileal tissue under light
microscopy were previously published[22]. In that study,
we found that salvianolate ameliorated injury to the intestinal mucosa. In the present study, we measured intestinal
villi width and thickness of the mucosa and intestinal wall
using a pathological image analysis system. There were no
differences in intestinal villi width among the five groups
(P > 0.05). Villi height was significantly shorter in group
B than in groups C, D, E and the normal group (99.14
± 14.57 μm vs 126.43 ± 22.12 μm, 128.71 ± 20.33 μm,
147.10 ± 19.48 μm and 221.82 ± 37.97 μm, respectively;
P < 0.01). Mucosal thickness was significantly less in the
untreated group than in groups C, D and E (131.43 ±

WJG|www.wjgnet.com

Expression of ZO-1 in ileal epithelial mucosa shown
by immunohistochemistry: Ileal epithelial mucosa
from the five groups was assayed for ZO-1 expression
using immunohistochemistry. Normal mice showed expression of ZO-1 at the apical pole of epithelial cells[26]
and within the cytoplasm (Figure 3A). Nine (90%) rats in
group A showed high expression of ZO-1. Staining of
ZO-1 was less in group B; there was almost no expression at the apical pole of epithelial cells and slight expres-

7043

December 21, 2012|Volume 18|Issue 47|

Yang DH et al . Salvianolate increases ZO-1 in cirrhotic rats

A

B

C

0.2 mm

D

0.2 mm

0.2 mm

E

0.2 mm

200 nm

Figure 2 Tight junction structural morphology in ileal mucosa. A: Normal control group; B: Untreated group; C: Low-dose salvianolate-treated group; D: Mediumdose salvianolate-treated group; E: High-dose salvianolate-treated group (transmission electron microscopy, × 26  500).

A

B

D

E

C

Figure 3 Immunohistochemical staining for zonula occludens protein 1 in ileal mucosa. A: Normal control group; B: Untreated group; C: Low-dose salvianolatetreated group; D: Medium-dose salvianolate-treated group; E: High-dose salvianolate-treated group (× 40).

sion within the cytoplasm (Figure 3B). The expression of
ZO-1 gradually increased in epithelial cells following salvianolate treatment. Group B showed a high expression
rate of 21.43%, which was significantly lower than that in
group A (21.43% vs 90%, χ 2 = 10.98, P < 0.01) (Figure 4).

WJG|www.wjgnet.com

In the treated groups, brown grains again appeared at the
apical pole of epithelial cells and within the cytoplasm
of epithelial cells (Figure 3C-E). Groups C, D and E
showed high ZO-1 expression rates of 57.14%, 64.29%
and 76.92%, respectively. The expression rate in group B

7044

December 21, 2012|Volume 18|Issue 47|

Yang DH et al . Salvianolate increases ZO-1 in cirrhotic rats

epithelial and endothelial cells is bridged by a set of specialized structures: TJs, or ZO; zonula adherens (ZA);
desmosomes; and gap junctions. The TJ is an essential
component of this barrier. The junctional complexes of
the plasma membrane are not simply epithelial barriers
in paracellular transport or barriers preventing diffusion
across the plasma membrane, but also contain proteins
involved in signal transduction and maintenance of the
physiological epithelial cell state[29,30]. Increased permeability is caused by disruption of intercellular TJs in the
intestine and plays an important role in the pathogenesis
of chronic liver disease[31]. Previous studies have shown
that impaired intestinal permeability may increase the risk
of endotoxemia and spontaneous bacterial peritonitis in
liver cirrhosis[14].
The intracellular complex of TJ-associated proteins
includes ZO-1, ZO-2, ZO-3, cingulin, 7H6, symplekin and ZA-1[32]. This complex appears to link TJs to
a perijunctional actomyosin ring, which supports and
regulates TJ permeability in epithelial cells. ZO-1, one
of the plaque proteins, was the first TJ protein to be
characterized. It is a 225-kDa membrane-bound protein
that localizes to the TJ. It binds the occluding and claudin
transmembrane proteins, linking them to cytoskeletal
actin[33]. ZO-1 may be the direct link between actin and
the transmembrane proteins; it has its own specific function[34] and is a particularly important molecule in terms
of the formation of TJs[35]. ZO-1 alterations may contribute to disturbances of the TJ barrier, which lead to
enhanced intestinal permeability[36]. Disruption of this
structure could lead to an imbalance in the normal interaction between aggressive factors and mucosal defense,
resulting in increased intestinal permeability and bacterial
translocation.
Further investigations revealed that mucosal damage
was accompanied by ultrastructural changes in TJs. TJ
injury is associated not only with increased transcellular
permeability, but also with increased paracellular permeability because of the rearrangement of TJ proteins. In
this study, we found that the expression of ZO-1 was
decreased in the small intestine of untreated cirrhotic
rats. Administration of salvianolate may recover the TJ
structure and enhance the expression of ZO-1 in the
small intestine of cirrhotic rats. This may explain the effect of salvianolate on the epithelial barriers of the small
intestine in cirrhotic rats.
In summary, the epithelial barriers of the small intestine were destroyed in cirrhotic rats. These changes may
promote bacterial translocation and intestinal endotoxemia. Salvianolate administration caused reduced mucosal
damage and maintained the epithelial mucosal barrier
function in the small intestine of cirrhotic rats. Furthermore, salvianolate may be a potent traditional Chinese
medicinal herb for reducing the incidence of spontaneous bacterial peritonitis and influencing the natural history of liver cirrhosis. These results indicate that salvianolate may be a new therapy for liver cirrhosis.

ZO-1 expression in ileal mucosal epithelium
<6

12

≥6

10

Number

8
6
4
2
0

A

B

C
Groups

D

E

Figure 4 Expression of zonula occludens protein 1 in ileal mucosa. A: Normal control group; B: Untreated group; C: Low-dose salvianolate-treated group;
D: Medium-dose salvianolate-treated group; E: High-dose salvianolate-treated
group. The staining index was calculated as the product of the staining intensity score and the proportion of positive cells. We evaluated zonula occludens
protein 1 (ZO-1) expression in the five groups by determining the staining index
with scores of 0, 1, 2, 3, 4, 6, or 9. An optimal cutoff value was identified as follows: a staining index score of ≥ 6 was used to define high ZO-1 expression
and a staining index score of < 3 was used to indicate low ZO-1 expression.

was significantly lower than that in groups D (21.43% vs
64.29%, χ 2 = 5.25, P < 0.05) and E (21.43% vs 76.92%,
2
χ = 8.315, P < 0.01) (Figure 4).

DISCUSSION
Protection of the intestinal barrier function and decreased bacterial translocation are important in patients
with liver cirrhosis[27]. In our previous study[22], a significant increase in plasma endotoxins and high mortality
were observed in untreated cirrhotic rats. Endotoxemia
was significantly reduced and intestinal histopathological
changes were improved by administration of salvianolate
in cirrhotic rats. We showed that salvianolate has a direct
anti-inflammatory effect on the intestine by inhibiting the
expression of TNF-α and IL-6 mRNA. These favorable
effects of salvianolate on the intestine can be partially
explained by direct protection of the integrity of the mucosal barrier.
In this study, we observed improvement in liver histopathological changes (Figure 1) as well as thickening and
gradual repair of the intestinal mucosa with salvianolate
treatment (Table 1). To further elucidate the mechanisms
of salvianolate in protecting the mucosal barrier in cirrhotic rats, we investigated the effect of salvianolate
therapy on ultrastructural analysis using transmission
electron microscopy and ZO-1 expression changes using
immunocytochemistry.
The physical intestinal barrier comprises an intact
layer of epithelial cells, which are tightly connected by
a surrounding system of TJ strands that seal the lateral
intercellular space[28]. The intercellular space between
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BRIEF ARTICLE

Hepatic focal nodular hyperplasia in children: Imaging
features on multi-slice computed tomography
Qing-Yu Liu, Wei-Dong Zhang, Dong-Ming Lai, Ying Ou-yang, Ming Gao, Xiao-Feng Lin
sions, including the number, location, size, margin, density of FNH demonstrated on pre-contrast and contrastenhanced computed tomography (CT) scanning, central
scar, fibrous septa, pseudocapsule, the morphology of
the feeding arteries and the presence of draining vessels (portal vein or hepatic vein).

Qing-Yu Liu, Ming Gao, Xiao-Feng Lin, Department of Radiology, Sun Yat-sen Memorial Hospital, Sun Yat-sen University,
Guangzhou 510120, Guangdong Province, China
Wei-Dong Zhang, Department of Radiology, Cancer Center, Sun
Yat-sen University, Guangzhou 510060, Guangdong Province,
China
Dong-Ming Lai, Department of General Surgery, Sun Yat-sen
Memorial Hospital, Sun Yat-sen University, Guangzhou 510120,
Guangdong Province, China
Ying Ou-yang, Department of Pediatrics, Sun Yat-sen Memorial
Hospital, Sun Yat-sen University, Guangzhou 510120, Guangdong Province, China
Author contributions: Liu QY designed the study and wrote the
manuscript; Zhang WD, Gao M and Lin XF contributed to the
analysis and interpretation of imaging data; Lai DM and Ou-yang
Y contributed to the interpretation of clinical data.
Correspondence to: Qing-Yu Liu, PhD, Department of Radiology, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, 107
Yan Jiang Xi Road, Guangzhou 510120, Guangdong Province,
China. liu.qingyu@163.com
Telephone: +86-20-81332243 Fax: +86-20-81332702
Received: September 13, 2012 Revised: October 31, 2012
Accepted: November 11, 2012
Published online: December 21, 2012

RESULTS: All the 12 pediatric cases of FNH had solitary lesion. The maximum diameter of the lesions was
4.0-12.9 cm, with an average diameter of 5.5 ± 2.5 cm.
The majority of the FNH lesions (10/12, 83.3%) had
well-defined margins. Central scar (10/12, 83.3%) and
fibrous septa (11/12, 91.7%) were commonly found in
children with FNH. Central scar was either isodense (n
= 7) or hypodense (n = 3) on pre-contrast CT images
and showed progressive enhancement in 8 cases in the
equilibrium phase. Fibrous septa were linear hypodense
areas in the arterial phase and isodense in the portal
and equilibrium phases. Pseudocapsule was very rare
(1/12, 8.3%) in pediatric FNH. With the exception of
central scars and fibrous septa within the lesions, all 12
cases of pediatric FNH were homogenously enhanced
on the contrast-enhanced CT images, significantly hyperdense in the arterial phase (12/12, 100.0%), and
isodense in the portal venous phase (7/12, 58.3%) and
equilibrium phase (11/12, 91.7%). Central feeding arteries inside the tumors were observed on CTA images
for all 12 cases of FNH, whereas no neovascularization
of malignant tumors was noted. In 9 cases (75.0%),
there was a spoke-wheel shaped centrifugal blood supply inside the tumors. The draining hepatic vein was
detected in 8 cases of pediatric FNH. However, the
draining vessels in the other 4 cases could not be detected. No associated hepatic adenoma or hemangioma
was observed in the livers of the 12 pediatric cases.

Abstract
AIM: To retrospectively analyze the imaging features
of hepatic focal nodular hyperplasia (FNH) in children
on dynamic contrast-enhanced multi-slice computed
tomography (MSCT) and computed tomography angiography (CTA) images.
METHODS: From September 1999 to April 2012, a
total of 218 cases of hepatic FNH were confirmed by
either surgical resection or biopsy in the Sun Yat-sen
Memorial Hospital of Sun Yat-sen University and the
Cancer center of Sun Yat-sen University, including 12
cases (5.5%) of FNH in children (age ≤ 18 years old).
All the 12 pediatric patients underwent MSCT. We retrospectively analyzed the imaging features of FNH le-
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CONCLUSION: The characteristic imaging appearances of MSCT and CTA may reflect the pathological
and hemodynamic features of pediatric FNH. Dynamic
multi-phase MSCT and CTA imaging is an effective
method for diagnosing FNH in children.
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of MSCT in 12 cases of FNH in children.

Key words: Focal nodular hyperplasia; Liver; Children;
Benign hepatic lesions; X-ray; Computed tomography

MATERIALS AND METHODS
Patients
The database of the Sun Yat-sen Memorial Hospital of
Sun Yat-sen University and the Cancer Center of Sun
Yat-sen University was searched from September 1999 to
April 2012, and 218 cases of hepatic FNH confirmed by
surgical resection or biopsy were identified. Out of the
218 cases, there were 12 cases (5.5%) of FNH in children
(aged ≤ 18 years).
Out of the 12 pediatric cases, 8 were males and 4
were females. The age of the patients ranged from 2
years old to 18 years old, with an average of 12.1 ± 6.4
years. Four pediatric cases presented with abdominal
pain, 2 cases presented with palpable abdominal masses, 1
case presented with upper abdominal discomfort, and the
other 5 asymptomatic cases were discovered accidentally
during imaging check-up for related reasons. In 1 patient,
hemangiomas were found in the right shoulder and nasal
alae when the diagnosis of hepatic FNH was established.
All 12 cases were negative for hepatitis B surface antigen
markers and for tumor markers, such as alpha-fetoprotein
(AFP), carcinoembryonic antigen 125, and carbohydrate
antigen 19-9. All the 12 pediatric patients did not have a
history of malignancy or stem cell transplantation.

Peer reviewer: Dr. Koike Naoto, Department of Surgery, Seirei
Sakura Citizen Hospital, 2-36-2 Ebaradai, Chiba 2858765, Japan
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INTRODUCTION
Hepatic focal nodular hyperplasia (FNH) is the second
most common benign liver tumor after hemangioma,
occurring in approximately 3%-5% of the general population[1]. The mechanism for the pathogenesis of FNH
is unclear, although it may be caused by a proliferative
response to local vascular abnormalities[2]. FNH is most
common in adult females, with a female to male ratio of
2-4:1[1,3], whereas it is rare in children. If a focal hypervascular liver lesion is accidentally detected in children
during imaging, it is important to differentiate FNH from
other malignant lesions to avoid unnecessary surgical resection. Since FNH is a slow growing tumor without malignant transformation and is rarely accompanied by the
complications of hemorrhage or rupture, conservative
“wait and see” strategy is recommended for asymptomatic children[4]. Surgical treatment would be considered only
for symptomatic pediatric patients, patients with increasing size of FNH, or patients in whom malignancy cannot
be rule out confidently[5-7].
Multi-slice spiral computed tomography (CT) technology has rapidly developed since the clinical application
of 16-slice spiral CT was introduced in 2001. Multi-slice
computed tomography (MSCT) (16 slices, 64 slices or 128
slices) features a fast scanning speed (the time required
for a single tube rotation is sub-second) and is ideal for
assessing pediatric patients. With MSCT, dynamic multiphase scanning is allowed in a very short period of time,
and increased detection and characterization of focal liver
lesion can be achieved[2]. In addition, the ability of MSCT
to acquire data with “isotropic voxel” makes high-quality
two- or three-dimensional vascular reconstruction images
possible[3]. To the best of our knowledge, there are few
reports on the imaging features of FNH in children[4,8,9].
The previous imaging procedure most often utilized
for the assessment of the hemodynamic characteristics
of FNH was angiography, which is invasive and laborintensive. Studies that analyze the imaging characteristics
of FNH in children on MSCT images and the angioarchitecture of pediatric FNH on computed tomography
angiography (CTA) have not reported in the literature.
This paper retrospectively reviewed the imaging features

WJG|www.wjgnet.com

Imaging protocols
MSCT examinations were performed on either a 64-slice
spiral CT scanner (Sensation 64, Siemens Medical Solutions, Erlangen, Germany) or a 16-slice spiral CT scanner (BrillianceTM 16, Philips Medical Systems, Best, The
Netherlands) in all 12 pediatric patients. The CT scan
parameters were as follows: a tube voltage of 120 kV,
an effective tube current of 85-200 mAs, and collimation of 64 mm × 0.6 mm or 16 mm × 0.75 mm. After
pre-contrast scanning images were obtained, multiphase contrast-enhanced CT scan was performed after
intravenous administration of nonionic contrast material
of Iopamidol (370 mgI/mL, Bracco, Milan, Italy) or Iopromide (370 mgI/mL, Schering, Erlangen, Germany)
by using a power injector at a rate of 1.5-2.5 mL/s, and
the dose of the contrast agents was 1.5 mL/kg. Images
of the hepatic arterial phase, portal vein phase and equilibrium phase were acquired at 20, 60 and 120 s, respectively. Vascular reconstruction processing was performed
using a commercially available workstation and software
with interactive maximum-intensity-projection (MIP) and
volume-rendering techniques. The slice thickness of reconstructed image for retrospective review was 3.0 mm.
Image analysis
Two experienced abdominal radiologists retrospectively
reviewed the imaging features of FNH by consensus,
who were unaware of the patient’s clinical data and
pathological results. The following imaging features were
assessed: the number of FNH lesion, location, maximum
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Table 1 The multi-slice computed tomography findings of the 12 pediatric focal nodular hyperplasia cases
Case

Sex/age
(yr)

Location/size
(cm × cm)

1

M/18

S4/5.2 × 3.7

2

M/4

3

M/2

4

F/14

5

M/16

6

F/4

7

M/16

8

F/16

9
10
11

M/16
F/17
M/18

12

M/4

Margin

Wellcircumscribed
S5/4.3 × 3.2
Wellcircumscribed
S5/5.5 × 5.2
Wellcircumscribed
S1/4.3 × 3.0
Wellcircumscribed
S5,S6/
Well12.9 × 10.1
circumscribed
S4/4.5 × 3.7
Wellcircumscribed
S6,S7/4.1 × 3.2
Wellcircumscribed
S4/5.5 × 3.8
Wellcircumscribed
S6/6.5 × 5.2 Ill-defined margin
S6/4.2 × 3.6 Ill-defined margin
S7/4.0 × 4.0
Wellcircumscribed
S8/4.8 × 4.5
Wellcircumscribed

Central
scar

Fibrous
septa

Pseudocapsule

Precontrast/HAP/PVP/EP

Spoke-wheel
pattern

Draining vein

+

+

-

Hypo/hyper/iso/iso

+

Hepatic vein

+

+

-

Hypo/hyper/hyper/iso

-

Hepatic vein

+

+

+

+

Hepatic vein

-

+

-

Hypo/hyper/hyper/slight
hyper
Hypo/hyper/iso/iso

+

Not identified

+

+

-

Hypo/hyper/hyper/iso

+

Hepatic vein

+

+

-

+

Hepatic vein

-

-

-

Slight hypo/hyper/hyper/
iso
Slight hypo/hyper/iso/iso

-

Not identified

+

+

-

Slight hypo/hyper/iso/iso

+

Hepatic vein

+
+
+

+
+
+

-

Hypo/hyper/iso/iso
Hypo/hyper/iso/iso
Hypo/hyper/hyper/iso

+
+
+

Hepatic vein
Not identified
Not identified

+

+

-

Slight hypo/hyper/iso/iso

-

Hepatic vein

HAP: Hepatic arterial phase; PVP: Portal venous phase; EP: Equilibrium phase; M: Male; F: Female.

axial diameter, margin, density of the lesions on the
pre-contrast images and contrast-enhanced CT images,
central scar, fibrous septa, pseudocapsule, the morphology of the feeding artery, and the presence of draining
vessels (portal vein or hepatic vein). Other associated
lesions in the liver were also recorded, such as hepatic adenomas and hemangiomas. Compared to the surrounding
liver parenchyma, the density of FNH was classified as
hypo-, iso-, or hyperdense on CT images. Homogeneous
enhancement was considered if consistent enhancement
was observed in all parts of the lesions, with the exception of the central scars and fibrous septa. The central
scar was defined as the area in or near the center of
the lesion that showed a significantly different density
on pre-contrast or contrast enhanced CT images when
compared to the surrounding component of the lesion.
Fibrous septa were defined as the linear structures that
radiated from the center to the periphery of the lesions.

hypodense in the arterial phase. The central scar showed
progressive enhancement, and became isodense in the
portal vein phase (n = 2) and in the equilibrium phase
(n = 8). However, the central scar was still hypodense in
other two cases in the equilibrium phase. Fibrous septa
were isodense on pre-contrast CT images, hypodense in
the arterial phase images, and isodense in the portal vein
phase and equilibrium phase images. Pseudocapsule was
very rare in the cases of pediatric FNH (1/12, 8.3%) and
was confirmed pathologically as the surrounding displaced veins, showing a hyperdense rim enhancement in
the equilibrium phase.
All 12 cases of FNH were hypodense on pre-contrast
scans, and were homogenously enhanced in all phases
of the enhanced scans with the exception of the central
scars and fibrous septa. FNH was significantly hyperdense in the arterial phase (12/12, 100%), and most
of them were isodense in the portal vein phase (7/12,
58.3%) and equilibrium phase (11/12, 91.7%) (Figures
1A-D, 2A-D and 3A-D). The central feeding arteries in
the FNH lesions were observed on CTA images in the
arterial phase in all 12 cases of pediatric FNH (Figures
1B, 2B and 3C). However, no neovascularization of malignant tumors was observed. In 9 cases (75.0%), spokewheel shaped angioarchitecture of FNH was observed,
with the feeding vessels radiating peripherally from the
center and tapering gradually, suggesting a centrifugal
blood supply of the tumors (Figures 1E, 2E and 3F). In
8 cases of FNH, the draining vessels of FNH entered
the hepatic vein instead of the portal vein (Figures 1F
and 2F). The draining vessels of the other 4 cases of
FNH were not observed on CTA images in the portal
vein phase or equilibrium phase.

RESULTS
The 12 cases of FNH were solitary lesions with a maximum lesion diameter of 4.0-12.9 cm and an average maximum diameter of 5.5 ± 2.5 cm. Out of the 12 cases of
FNH, 2 cases (cases 3 and 5) had an exophytic growth.
No hemorrhage, necrosis or calcification was observed
in the FNH lesions. The detailed MSCT findings of the
12 FNH cases are listed in Table 1. Most FNH (10/12,
83.3%) had a well-defined margin. Central scar (10/12,
83.3%) and fibrous septa (11/12, 91.7%) were commonly detected in the pediatric cases of FNH (Figures
1-3). The central scar was found to be isodense (n = 7)
or hypodense (n = 3) on pre-contrast CT images and was
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A

B

C

D

E

F

Figure 1 Focal nodular hyperplasia in a 2-year-old boy. A: The lesion was hypodense on pre-contrast computed tomography scan; B: The lesion was significantly
enhanced in the arterial phase with enlarged feeding arteries (arrows); C: The lesion was hyperdense in the portal vein phase with hypodense central scar (arrows)
and fibrous septa; D: The lesion was isodense in the equilibrium phase, and the scar shows delayed enhanced; E: Computed tomography angiography (CTA) in the
arterial phase showed that the enlarged feeding artery was distorted with a spoke-wheel shaped blood supply (arrows); F: CTA in the portal vein phase showed the
draining vessels directly into the hepatic vein (arrows).

No associated hepatic adenoma or hemangioma was
observed in the liver of the 12 pediatric cases of FNH.
Only 1 case (case 3) was associated with hemangioma in
other parts of the body.

ties and close follow-up were not included. There are no
specific clinical manifestations for FNH in children. The
majority of the cases of FNH are usually discovered accidentally for unrelated reasons, with only 36% of cases
showing symptoms[6]. The common symptoms of pediatric FNH include palpable abdominal mass and abdominal
pain. Tumor rupture and hemorrhage are rare[4]. Laboratory test results often do not show clinical significance,
and tumor markers such as AFP are usually in normal
range[4].
After review the clinical features of 172 cases of
pediatric FNH, Lautz et al[6] found an interesting result:
pediatric FNH patients with a history of malignancy
were significantly less likely to be symptomatic (12% vs
45%, P < 0.0001), were much smaller in size (2.8 ± 2.2
cm vs 8.0 ± 3.3 cm, P < 0.0001), and fewer patients required resection of the lesions (10% vs 78%, P < 0.0001)
as compared with patients without a malignancy history.
The pediatric FNH patients with a history of malignancy
were more likely to have multiple FNH nodules and less
likely to have central scars. In contrast, pediatric patients
without a history of malignant lesions generally had
larger FNH nodules and were more likely to have central
scars[15,16]. The 12 patients in this group had no history of
malignancy and had the features mentioned above: solitary FNH nodule, relatively large size (an average of 5.5
± 2.5 cm), and high proportion of central scars (10/12,
83.3%).
Adult FNH patients may have associated hepatic adenomas (3.6%-6%) and hemangiomas (17%-23%)[2,3,17].

DISCUSSION
Pediatric FNH is a rare entity, accounting for approximately 2% of hepatic tumors and 0.02% of all pediatric
tumors[10]. The exact pathogenesis of FNH is unclear;
although it might be a proliferative response to intrahepatic vascular malformations[2]. Many studies have shown
that the incidence of FNH increases after chemotherapy
or radiotherapy for the treatment of solid tumors in children, suggesting that anti-tumor therapy-induced intrahepatic vascular injury may be risk factor for the development of FNH[4,11-13]. Current molecular pathological data
revealed an activation of the β-catenin pathway, a marked
upregulation of angiopoietin-1 and downregulation of
angiopoietin-2 in FNH[14].
Most of the studies show that FNH in children is
more common in females[4,6]. In a large series of 172
cases of pediatric FNH, Lautz et al[6] found that 66%
(113/172) of the cases occurred in females. However, the
majority of our cases were males, with a male to female
ratio of 2:1. The high male to female ratio may be due to
the bias inherent in the choice of cases enrolled in our
study. All cases enrolled in this study were instances of
FNH that had been confirmed by surgical resection or
biopsy, and cases that were diagnosed by imaging modali-
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Figure 2 Focal nodular hyperplasia in a 16-year-old boy. A: The lesion was hypodense on pre-contrast computed tomography scan, and central scar with much
lower density were identified (arrows); B: The lesion was significantly enhanced in the arterial phase with enlarged feeding arteries penetrating into the central scar
(arrows); C: The lesion was slightly hyperdense in the portal vein phase; D: The lesion was isodense in the equilibrium phase with delayed enhancement of the central
scar; E: Computed tomography angiography (CTA) in the arterial phase showed that the enlarged feeding arteries were distorted, and exhibited a spoke-wheel shaped
blood supply (arrows); F: CTA in the portal vein phase showed the draining hepatic vein (arrows).

However, in our group of pediatric patients, there were
no instances of associated hepatic adenomas or hemangiomas. More studies are needed to see whether FNH in
adults and children differs in this respect.
The imaging appearances of FNH in pediatric patients on MSCT images reflect its pathological features. A
typical case of FNH has the following pathological characteristics: well-differentiated hepatocytes forming nodules subdivided by fibrous septa, proliferation of ductules
and malformed blood vessels in the central scars and
fibrous septa, and no fibrous capsule[4]. The fibrous septa
are the linear structures that radiate from the central scar
to the periphery of the lesions and can sometimes be
detected in the absence of a central scar. The hypodense
fibrous septa were clearly depicted by CT in the arterial phase, and become isodense with the surrounding
component of nodules in the portal vein and equilibrium
phases. The sign of fibrous septa is a characteristic finding of FNH, and has not been reported in other tumors
of the liver. However, after analyzing 78 cases of FNH
using an obsolete spiral CT scanner with thick slice thickness (slice thickness of 5-7 mm), Brancatelli et al[17] found
that only 8% of the patients showed this feature. Our
results showed that, by using thin-slice MSCT imaging
(slice thickness of 3.0 mm), this feature can be commonly observed (11/12, 91.7%). Kamel et al[1] suggest
that this finding is best seen on volume-rendered images
of the portal venous phase, and frequently detected with
fine manipulation of the degree of tissue opacity of the
volume-rendered images. However, the subtle changes of
fibrous septa on volume-rendered images are difficult to
detect in our experience.
The vascular central stellate scar is another patho-
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logical characteristic of FNH. The CT findings of the
central scar in pediatric FNH are consistent with those
of the central scar in adult FNH: compared to the surrounding nodules, the central scar was either hypodense
or isodense on pre-contrast CT images, hypodense in the
arterial phase (90%), and hypodense (68%) or isodense
(22%) in the portal vein phase[17]. Due to the retention of
contrast material within the myxoid matrix of the central
scar, the scars show delayed contrast enhancement in
the imaging scans at 5-20 min[17]. The central scar can be
seen in 42.1%-50.0% of FNH nodules[17-19]. However, it
was more common in the 12 pediatric cases of FNH in
our group (10/12, 83.3%). This discrepancy could be explained by the larger diameter of the lesions (average 5.5
± 2.5 cm) observed in our group of FNH, since detection of a central scar is clearly related to the size of the
FNH (central scars are identified in only 35% of FNH ≤
3.0 cm but in 65% of FNH > 3.0 cm)[17]. In addition to
FNH, the central scar has also been described in fibrolamellar hepatocellular carcinoma (HCC) and large hemangiomas. A central scar width greater than 2 cm is helpful
in differentiating between these three entities, since it is
often detected in fibrolamellar HCC and sometimes in
large hemangiomas, however never seen in FNH[20]. The
presence of delayed contrast enhancement of the central
scar and radiating fibrous septa were not statistically significant for the identification of these three entities[20].
With the development of CT software and hardware
technology, the spatial and temporal resolutions of the
images have significantly improved, which enables highresolution CTA images possible. The post-processed highresolution CTA images provide unique insights into the
angioarchitecture of FNH. Although the hemodynamic
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Figure 3 Focal nodular hyperplasia in a 14-year-old girl. A: The lesion was hypodense on pre-contrast computed tomography image; B, C: The lesion was significantly enhanced in the arterial phase with hypodense fibrous septa; D: The lesion was isodense in the portal vein phase; E: Immunohistochemical staining of CD34
revealed the abnormal blood vessels within fibrous septa (× 100); F: Computed tomography angiography in the arterial phase showed that a spoke-wheel shaped
blood supply of the focal nodular hyperplasia (arrow).

characteristics of FNH (such as one or more enlarged
feeding arteries entering into the center of the tumor and
radiating to the periphery, a spoke-wheel shaped centrifugal blood supply) could be observed through the use of
the invasive and time-consuming process of transcatheter
angiography, it can also be non-invasively depicted on
three-dimensional CTA images. Liu et al[18] compared CTA
in 28 cases of FNH and 75 cases of other hypervascular
hepatic tumors (hepatocellular carcinoma, hemangioma,
and hepatic adenoma), using 16-MSCT with the MIP
imaging and volume rendering technology. They found
that the centrifugal arterial supply pattern was only seen
in FNH, and this finding will assist in differentiating FNH
from other hypervascular hepatic tumors. The three-dimensional display of the feeding artery provided by CTA
may be valuable in planning for embolization or ligation
of vessels in symptomatic pediatric FNH patients.
CTA can clearly show the draining vessels of pediatric
FNH. FNH lesion exclusively drains into the hepatic vein
branches either directly or via perinodular sinusoids[21,22].
HCC is drained almost always into the portal vein, only
1.8% of HCC draining into the hepatic vein. The identification of the draining blood vessels is therefore a reliable criterion for the differentiation between HCC and
FNH[22].
FNH has no fibrous capsule and shows a well-defined
margin on contrast-enhanced CT images in arterial phase.
However, pseudocapsules can be detected in 8%-36% of
FNH on CT images, which appearing as hypodense rims
in the arterial phase and hyperdense rims in the portal
vein phase and the delayed phase. This sign is especially
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obvious in large lesions, and may be a result of dilated
surrounding vessels or sinusoids or compressed liver
parenchyma[1,2,17]. The sign of pseudocapsule is also visible on magnetic resonance imaging (MRI) (9% of FNH
in pre-contrast scanning and 18% in contrast enhanced
scanning)[2]. Tumor capsule is a specific sign of HCC and
is present in 60%-80% of cases. The capsule of HCC
is mainly composed of fibrotic tissue and appears hypointense on both T1W and T2W images, whereas the
pseudocapsule of FNH is hyperintense on T2W[23]. This
discrepancy might help to differentiate between these two
entities.
The enhancement pattern of pediatric FNH on multiphase CT images typically shows as early homogeneous
enhancement (with the exception of the central scar
and fibrous septa) in the arterial phase, hyperdense or
isodense in the portal vein phase, and isodense in the
equilibrium phase. These findings are consistent with
the enhancement pattern of adult FNH reported in the
literature[17].
If all of the imaging characteristics of FNH are identified on CT images, FNH can be diagnosed with confidence. However, approximately 50% of FNH lesions
lacking typical imaging manifestations, especially the
small lesions, are reported in the literature, such as the
absence of central scar, rapid washout of contrast agents
in the portal vein phase, absence of delayed enhancement
in the central scar, and presence of rim enhancement of
the pseudocapsule[3,4]. In these circumstances, it is necessary to distinguish FNH from other pediatric solid hypervascular tumor, and percutaneous fine needle biopsy
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may be suggested when necessary. The malignant hepatic
tumors, such as hepatoblastoma and hepatocellular carcinoma, manifest with elevated AFP, and heterogeneous
density on CT images due to hemorrhage, necrosis and
calcification, which are helpful for distinguishing these
malignant tumors from FNH[4]. MRI examinations with
hepatobiliary-specific gadolinium-based contrast agents
(specifically gadobenate dimeglumine, gadoxetate disodium or gadoxetic acid) may be valuable for the diagnosis
of FNH, particularly on the delayed hepatobiliary phase
of imaging where FNHs are usually iso- or hyperintense
relative to the liver parenchyma but rarely hypointense,
presumably because of the presence of functioning hepatocytes and focal abnormal biliary excretion[24]. Hepatic
adenoma in children is usually accompanied by glycogen
storage disease and is prone to having multiple lesions
and hemorrhage. Hepatic adenomas usually have no
central scar and show heterogeneous density due to intratumoral hemorrhage. In the arterial phase, the CT attenuation values and relative enhancement of the lesion were
significantly higher in FNH than in hepatic adenoma (P
< 0.05). A threshold value of 1.6 for relative enhancement of the lesion in the arterial phase seems to be valuable to distinguish FNH from hepatic adenoma with an
accuracy of 96%[25]. FNH has a centrifugal and spokewheel shaped blood supply, whereas hepatic adenoma
has centripetal and subcapsular feeding blood supply[25].
Infantile hemangioendothelioma, or infantile hepatic
hemangioma, is a benign vascular tumor that is unique to
pediatric patients. Punctate calcification is seen in 50%
of these cases[4]. The enhancement features are similar to
those of adult hepatic hemangioma: intense peripheral
nodular or corrugated enhancement in the arterial phase,
and progressive centripetal fill-in of contrast material in
the portal venous and delayed phase, which are different
from those of FNH[4].
In summary, FNH in children manifests as solitary
large nodule. The thin-slice MSCT images (slice thickness of 3.0 mm) facilitate in revealing the fibrous septa
and central scar within FNH nodules. Multi-phase enhanced scanning has the capacity to demonstrate the enhancement characteristics of pediatric FNH: except for
fibrous septa and central scars, FNH is homogenously
enhanced in the arterial phase, and it appears isodense
or hyperdense in the portal vein phase and isodense in
the equilibrium phase. CTA provides unique insight into
the hemodynamic of FNH: the enlarged feeding arteries in the center of the nodules, the spoke-wheel shaped
and centrifugal blood supply, and the drainage into the
hepatic vein. For asymptomatic pediatric FNH patients
with typical MSCT imaging findings, unnecessary surgical
resection can be avoided and close follow-up may be suggested. For pediatric FNH patients who cannot definitely
be diagnosed by MSCT, further invasive and expensive
tests, such as biopsy or surgical resection, are required.

assisting in English editing of our manuscript.
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surgical resection in pediatric patients. Since FNH is a slow growing tumor without malignant transformation and is rarely accompanied by the complications of
hemorrhage or rupture, conservative “wait and see” strategy is recommended
for asymptomatic children.
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Multi-slice computed tomography (MSCT) features a fast scanning speed and
is ideal for assessing hepatic lesions in pediatric patients. With MSCT, dynamic
multi-phase scanning is allowed in a very short period of time, and increased
detection and characterization of focal liver lesion can be achieved. In addition,
MSCT makes high-quality two- or three-dimensional vascular reconstruction
images possible. There are few reports on the imaging features of FNH in
children, especially the angioarchitecture of pediatric FNH on computed tomography angiography.
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Twelve pediatric patients with FNH were reported in this study, and their MSCT
features were reviewed. This study showed that central scar and fibrous septa
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an effective method for diagnosing FNH in children.
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high-quality two- or three-dimensional vascular reconstruction images possible.
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Radical treatment of stage Ⅳ pancreatic cancer by
the combination of cryosurgery and iodine-125 seed
implantation
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Li-Zhi Niu, Jian-Sheng Zuo, Ke-Cheng Xu
creatic cancer (IS-Ⅳ) was assessed by almost 2.5 years
of follow-ups. The IS-Ⅳ of patients under the two kinds
of treatment, and the effects of treatment timing and
frequency on IS-Ⅳ, were compared.
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RESULTS: The IS-Ⅳ of patients who received radical treatment was significantly longer than those who
received palliative treatment (P < 0.001). The IS-Ⅳ
of patients who received delayed radical or palliative
treatment was longer than those who received accordingly timely treatment (P = 0.0034 and 0.0415, respectively). Multiple treatments can play an important role
in improving the IS-Ⅳ of patients who received radical
treatment (P = 0.0389), but not for those who received
palliative treatment (P = 0.99).
CONCLUSION: The effect of radical treatment was
significantly more obvious than that of palliative treatment, and multiple radical treatments may contribute
more to patients than a single radical treatment.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To investigate the therapeutic effect of radical
treatment and palliative treatment in stage Ⅳ pancreatic cancer patients.

Chen JB, Li JL, He LH, Liu WQ, Yao F, Zeng JY, Zhang Y,
Xu KQ, Niu LZ, Zuo JS, Xu KC. Radical treatment of stage
Ⅳ pancreatic cancer by the combination of cryosurgery and
iodine-125 seed implantation. World J Gastroenterol 2012;
18(47): 7056-7062 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i47/7056.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i47.7056

METHODS: 81 patients were enrolled in the study.
Radical treatment was performed on 51 patients, while
30 patients were put under palliative treatment. The
procedural safety and interval survival for stage Ⅳ pan-
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evaluation, with their tumors being considered unresectable. These evaluations were multidisciplinary decisions
incorporating a radiologist, a gastrointestinal pancreatic
surgeon, and an oncologist in our hospital. Their diagnoses were principally based on computed tomography (CT)
imaging and CT-guided needle biopsy to obtain a definitive diagnosis as pancreatic adenocarcinoma histologically. An 18-gauge Tru-Cut (Baxter, Deerfield, IL, United
States) biopsy needle was used percutaneously to obtain
one to two cores of tissue from the solid pancreatic tumor. Patients received their final treatments in our hospital and almost 2.5 years of follow-ups were reviewed.
A patient was deemed unsuitable for surgery and
chemotherapy due to any of the following reasons: (1)
multifocal disease; (2) an unresectable primary tumor; (3)
the patient refusing surgery and chemotherapy, or seeking
further treatment after previous chemotherapy; (4) severe
complications (e.g., hypertension, hydrothorax, and ascites); or (5) advanced age. Written informed consent was
obtained from all patients. The inclusion criteria were
as follows: (1) the Karnofsky performance status (KPS)
score was ≥ 70; (2) the platelet count was ≥ 80 × 109/
L, white blood cell count was ≥ 3 × 109/L, neutrophil
granulocyte count was ≥ 2 × 109/L, or hemoglobin ≥
90 g/L; (3) the prothrombin time international normalized ratio was ≥ 1.5; (4) the largest primary or metastatic
tumor diameter was < 6 cm, as measured by preoperative
CT; (5) the pancreatic tumor did not obviously invade the
main pancreatic duct, postcava, duodenum or colon; (6)
absence of level 3 hypertension, severe coronary disease,
myelosuppression, respiratory system disease, acute and
chronic infection; (7) the basic normal liver function and
puncture release ascites < 1L; and (8) the patient was
deemed incapable of cooperating during the procedure.
When the patient had primary or metastatic tumors
with a diameter ≥ 6 cm, or obviously invading the main
pancreatic duct, postcava, duodenum or colon, we preferentially performed the treatment in other ways[11,12], and
so these patients were not enrolled in this study.

INTRODUCTION
Pancreatic cancer is the fourth-leading cause of cancerrelated death in Western societies[1]. The incidence almost equals the mortality rate, since pancreatic cancer
has one of the worst prognoses of all human malignancies. Less than 20% of pancreatic cancers are curable
on diagnosis[2]. Without effective treatment, the overall
survival for patients with advanced pancreatic cancer is
usually less than 1 year, and for those with metastatic
stage Ⅳ pancreatic cancer the median survival is only 3-4
mo[3,4]. Chemotherapy is currently the standard treatment
for stage Ⅳ pancreatic cancer [5,6], but it cannot radically eliminate larger tumors. Radiofrequency ablation
has been widely used in radical treatment of metastatic
pancreatic cancer: in 2007, Spiliotis et al[7] reported the
effect of radiofrequency ablation combined with palliative surgery on patients with stage Ⅳ pancreatic cancer;
in 2010, Zou et al[8] reported the effect of intraoperative radiofrequency ablation combined with iodine-125
seed implantation on patients with stage Ⅳ pancreatic
cancer. The median overall survival of patients in both
reports was 10 mo, but laparotomy is necessary for this
technique. Cryosurgery, which is widely accepted as an
invasive technique for curing solid tumors, has emerged
as a new therapy for pancreatic cancer. The combination
of cryosurgery and the implantation of iodine-125 seeds
(CandS), which eliminate residual tumors in the treatment of advanced pancreatic cancer, was first reported
by us in 2008[9,10]. In our reports, the median survival was
16.2 mo, with 26 patients (53.1%) surviving for 12 mo or
more. Overall 6-, 12-, 24-, and 36-mo survival rates were
94.9%, 63.1%, 22.8%, and 9.5%, respectively.
Here we aimed to compare the effects of radical
treatment (CandS for intrapancreatic and extrapancreatic
tumors) and palliative treatment (seed implantation for
intrapancreatic tumors, CandS for extrapancreatic tumors) on stage Ⅳ pancreatic cancer, and assess the influence of treatment timing and frequency on the survival
time of patients. To concentrate on the survival time
of patients with stage Ⅳ cancer, the interval survival of
stage Ⅳ pancreatic cancer (IS-Ⅳ) was used as the main
evaluation index.

Percutaneous cryosurgery and iodine-125 seed
implantation
According to the patients’ own selection, 51 patients were
under radical treatment and 31 patients received palliative
treatment. Their treatments had been reported by us[9,10].
In the radical treatment group, the CandS treatment of
the pancreatic tumor was performed under double row
helical CT (Somatom Emotion Duo; Siemens, Germany)
and color ultrasound device (ALOKA SSD-5500SA;
Aloka, Japan) guidance. Before the cryosurgery, the patients were administrated general or local anesthesia, and
positioned for an upper abdominal incision. All cryosurgery were performed by Dr. Niu LZ and assistants (Zhou
L and Zhang C). Based on the location of the pancreatic
tumor, the cryoprobes were inserted percutaneously via
the retroperitoneal, transhepatic, or transgastric approach.
For tumors greater than 3 cm in length, more than two
1.7 mm cryoprobes (CRYO-42; Endocare, Irvine, CA,

MATERIALS AND METHODS
Ethics
This study protocol received ethical approval from the
Regional Ethics Committee of Guangzhou Fuda Cancer
Hospital. Written informed consent was obtained from
each participant in accordance with the Declaration of
Helsinki.
Patient selection
This was a retrospective study of patients treated for
metastatic pancreatic tumors in our tumor hospital
from November 2008 through to August 2010. Before
hospitalization, 145 patients received a comprehensive
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United State) were used, in an attempt to avoid puncturing the main pancreatic duct and duodenum. A 1-3 cycle
freeze/thaw procedure was used with an argon gas-based
cryosurgical unit (Endocare, United State)[9,10]. The iodine-125 seed (Syncor Pharmaceuticals, Shanghai, China)
implantation was performed by PTC needle, either at
the time of cryosurgery or after cryosurgery through the
percutaneous approach under a 3D treatment planning
system. The seeds (activity of a single seed 0.7 mCi, halflife period 1-6 mCi) were implanted at the tumor borderline. The number of seeds deployed depended on the
tumor size (matching dose around 120Gy, usually ≤ 20
particles), with the seeds implanted at intervals of 0.5 cm.
In the palliative treatment group, the iodine-125 seeds
were implanted in all parts of the pancreatic tumor under ultrasound or CT guidance, and the planting density
and quantity were both more than the radical treatment
group. For extrapancreatic metastases in the two groups,
the CandS treatment were performed percutaneously via
the retroperitoneal or transabdominal approach at the
same time, or after the treatment of the intrapancreatic
tumor.

case. Diagnoses were made independently, and the radiologists discussed with each other when they the results
were different. The IS-Ⅳ was calculated from the date
when a patient was first diagnosed as suffering stage Ⅳ
pancreatic cancer, and compared using the Kaplan-Meier
test with long-rank analysis. A significant difference was
indicated by P < 0.05. All analyses were performed using
GraphPad Software (San Diego, CA, United States).

RESULTS
Clinical data
Percutaneous cryoablation was performed on 81 patients
(42-84 years of age, median age: 65 years; 43 male patients, 38 female patients). The patients of each treatment
half were from both China (38 patients) and abroad
(43 patients). Two-thirds of patients (54 patients) were
treated in our hospital when diagnosed as having stage Ⅳ
pancreatic cancer; one-third of patients were diagnosed
and treated with chemotherapy (27 patients, 95 sessions) and/or radiation (9 patients, 24 sessions) in other
hospitals first, and came to our hospital 2-14 mo later
for further treatment. Liver metastases (75 lesions) were
found in 47 patients, peritoneum and liver metastases (76
lesions) were found in 27 patients, and all other metastases (26 lesions) were found in seven patients. Diabetes
(16 patients), hydrothorax/ascites (15 patients), and hypertension/coronary disease (8 patients) were common
complications in these patients. Radical treatment was
performed on 50 patients (79 sessions), and 31 patients
(48 sessions) were put under palliative treatment. The
therapeutic option of cryoablation was chosen according
to the previously-stated criteria.
The mean intrapancreatic tumor diameter in the radical treatment group was 4.3 ± 0.9 cm (range: 3.2-5.7
cm). For the first treatment of the 50 lesions, 13 were
treated by using 2 cryoprobes; 16 by 3 cryoprobes; and
21 by four cryoprobes. The mean intrapancreatic tumor
diameter in the palliative treatment group was 4.5 ± 0.8
cm (range: 3.5-5.8 cm). For the first treatment of the 31
lesions, 6 were implanted by using about 20 iodine-125
seeds; 9 by about 30 seeds; and 16 by about 40 seeds.
The mean extrapancreatic tumor diameter in the
radical treatment group was 3.5 ± 0.8 cm (range: 2.1-4.5
cm). For the first treatment of the 110 lesions, 46 were
treated by using 2 cryoprobes; 43 by 3 cryoprobes; and
21 by four cryoprobes. The mean extrapancreatic tumor
diameter in the palliative treatment group was 3.7 ± 0.9
cm (range, 2.3-5.0 cm). For the first treatment of the 67
lesions, 31 were treated by using 2 cryoprobes; 27 by 3
cryoprobes; and 9 by 4 cryoprobes.

Postoperative treatment
Once cryoablation was completed, 1 mL of both fibrinogen and thrombin for each probe were injected into the
sheath simultaneously. The patients were then observed
in the intensive care unit for at least 6 h, and fasted for at
least 24 h. Therapies of anti-infection and inhibition of
pancreatic juice secretion were given for a few days.
Patients under radical treatment received some special treatment: for patients under the transgastric approach of cryosurgery, antacid and stomach mucosaprotecting drugs were delivered for a few days; for
patients under the transhepatic approach of cryosurgery,
oppressing hemostasis, bellyband, and liver-protecting
drugs were all administered for a few days.
Statistical analysis
Complications were recorded and classified in accordance with the Common Terminology Criteria of Adverse Events v4.0. Local tumor control and IS-Ⅳ were
also evaluated. Radiographic local tumor control was
assessed by image-guided tumor ablation criteria[13]. A
post-operative plain abdominal CT was performed immediately after the removal of the cryoprobes for verification as to whether any major complications, such as
pancreatic fistula, bile leakage, or intestinal fistula, had
occurred. Abdominal ultrasound was performed at both
1 d and 1 wk after the cryoablation procedure. Followup dynamic CT abdominal scans of patients were carried
out at 1 mo, and then at 3 to 4 mo intervals. The revised
RECIST criteria (version 1.1) were used to assess the
basic response of the intrapancreatic and extrapancreatic
cancer[14]. Three diagnostic radiologists (Piao XH, Zhou
Q, and Tang J) with 17, 20, and 13 years of clinical experience, respectively, determined whether progression
or recurrence had occurred; reviewing CT scans in every
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Perioperative outcomes
All percutaneous cryoablations of primary and metastatic
pancreatic tumors by ultrasound and CT monitoring were
performed successfully. No severe complications, such
as pancreatic fistula, bile leakage, and intestinal fistula
were discovered post-cryoablation. In the radical treat-
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Figure 1 IS-Ⅳ of patients under radical or palliative treatment. All 81 patients had suffered from stage Ⅳ pancreatic cancer and died before October of
2011. There were 51 patients in the radical treatment group, and 30 patients in
the palliative treatment group. The median follow-up period was 8 mo. The ISⅣ of patients was accumulated from the early diagnosis of stage Ⅳ pancreatic
cancer in our own or other hospitals.
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ment group, some common adverse effects were found
and are shown below. Serum amylase, an important index
of acute pancreatitis, increased in 25 sessions (31%) for
16 patients (32%) on the first day after the procedure,
unaccompanied by ascites or leukocytosis, but returned
to normal levels in the following 5 d after symptomatic
treatment. Seven patients (14%) with diabetes after 12
sessions (15%) experienced a rise in fasting blood glucose
levels up to 20-25 mmol/L on the first day post-cryoablation, which were well-controlled with insulin injections.
A mild decrease in the platelet count occurred after 14
sessions (18%) for 10 patients (20%), which returned to
normal within 8-13 d without any treatment. Abdominal
distension and nausea occurred after 23 sessions (29%)
for 14 patients (28%) on the first day post-cryoablation,
and disappeared automatically the following day. Eight
patients (16%) in 11 sessions (14%) complained of poor
appetite after the cryosurgery and were found to have
ascites by ultrasound, which improved the following 3-5
d without any treatment. Eleven patients (22%) in 17
sessions (22%) were found to have abdominal bleeding,
8 patients (16%) of whom developed fever and a mild
increase in white blood cells, and neutrophil granulocytes;
they improved in the following 7 d after symptomatic
treatment. Similar adverse effects were also found in
the palliative treatment group, and disappeared in 2 wk
after symptomatic treatment. There were no treatmentrelated deaths or any conversions to chemotherapy.
Within 1 wk after the first CandS treatment, 64 patients (79%) experienced a ≥ 50% reduction in pain
score, 57 patients (70%) experienced a 50% decrease in
analgesic consumption, and 43 patients (53%) experienced a ≥ 20 increase in KPS score.

P = 0.0415
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Figure 2 IS-Ⅳ of patients under timely or delayed treatment. A: Comparison between patients in the radical treatment group: 32 patients under timely
treatment and 18 patients under delayed treatment; B: Comparison between
patients in the palliative treatment group: 22 patients under timely treatment
and 9 patients under delayed treatment.

dian IS-Ⅳ of patients with radical treatment was 8 mo,
and those with palliative treatment was 4 mo. The IS-Ⅳ
of the two groups differed significantly by long-rank test
(P < 0.001, Figure 1).
Two-third of patients received CandS treatment 2 mo
after the diagnosis of stage Ⅳ pancreatic cancer, and onethird of patients received CandS treatment 2-14 mo after
diagnosis. The influences of treatment timing on IS-Ⅳ
of patients were detected: for the radical treatment group,
the median IS-Ⅳ of patients under timely treatment was
6 mo, and 13 mo for those under delayed treatment (P
= 0.0034, Figure 2A); for the palliative treatment group,
the median IS-Ⅳ of patients under timely treatment was
3 mo, and 5 mo for those under delayed treatment (P =
0.0415, Figure 2B). In the two groups, the patients who
received CandS treatment ≥ 2 mo after diagnosis were
associated with a longer IS-Ⅳ, which was more obvious
in the radical treatment group.
According to disease progression, tumor recurrence
and individual intents of patients, 31 patients (39%)
received repeated CandS treatment when re-examined.
For the radical treatment group, the median IS-Ⅳ of
patients under single treatment was 7 mo, and 11 mo for
those under multiple treatments (P = 0.0389, Figure 3A);
for the palliative treatment group, the median IS-Ⅳ of
patients under single treatment was 3 mo, and 4 mo for

Influence of therapies, treatment timing, and treatment
frequency on IS-Ⅳ of patients
The median follow-up period was 8 mo. Up to the date
of the last follow-up of each patient, the median IS-Ⅳ
of all patients was 7.12 mo (95%CI: 3.79-13.37). The me-
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the best options for patients with metastases. Along with
advances in the cryosurgical system and imageology, percutaneous cryosurgery has been increasingly successful
in the treatment of pancreatic cancer[9,10]. This method
avoids the risks of laparotomy, decreases the likelihood
of complications[23-25], and improves the quality of life,
but the data is still lacking as to whether it can extend
the IS-Ⅳ of patients. Cryoablation and chemotherapy
have different effects on patients with stage Ⅳ pancreatic
cancer. In 2010, Stathis et al[26] reported that the median
survival for patients treated with single-agent 5-FU or
gemcitabine were 4.41 and 5.65 mo, respectively. Combined applications of other agents with gemcitabine had
been frequently attempted in order to get a better ISⅣ, but the statistical indication for such a benefit failed
to materialize until now[4,27-30]. In our study, the IS-Ⅳ of
patients under radical treatment was significantly longer
than for those under palliative treatment (P < 0.0001),
with a 4 mo extension of median IS-Ⅳ (8 mo vs 4 mo,
respectively). The 1-year survival rate of patients in the
radical treatment group was 32%, showing the greater
superiority of radical treatment, as this was better than
palliative treatment and chemotherapy. Interestingly, patients who delayed CandS treatment were associated with
better IS-Ⅳ, regardless of radical or palliative treatment.
For this reason we re-analyzed the data, and found that
all the patients under delayed treatment had received chemotherapy before admission to our hospital, and so chemotherapy may be an important reason for the extension
of IS-Ⅳ. It seems that if chemotherapy is delivered early
in stage Ⅳ pancreatic cancer, it will change the systemic
disease into local disease, and improve the benefit to
survival time of patients. As for the frequency of CandS
treatment, multiple treatments only showed a significant
advantage in the radical treatment group (median survival: 11 mo vs 7 mo, P = 0.0389). Therefore, in order to get
the best therapeutic effect, early chemotherapy, radical,
and multiple treatments are all very important.
With regard to the complications associated with radical treatment, pancreatic fistula, bile leakage, and intestinal fistula were seldom observed in our study, maybe due
to the evasion of patients with a high surgical risk when
enrolling. Other minor complications associated with
radical or palliative treatment were common after cryoablation of the pancreas and liver, including an increase
of serum amylase and blood glucose, a decrease in the
number of platelets, abdominal distension, ascites, fever,
infection, and abdominal bleeding. All complications can
be decreased to normal within 2 wk after symptomatic
treatment. In effectively reducing tumors and removing
obstructions, the physical strength and energy of patients
in the two groups improved obviously and pains were
reduced significantly. These achievements are inseparable
with effective tumor reduction and close postoperative
monitoring.
The present study represents an early experience, with
a small number of patients. Hence, extrapolation of the
results to clinical practice should be performed with cau-

Singe radical treatment
Multiple radical treatment

Percent survival

80
60

P = 0.0389
40
20
0

0

2

4 6 8 10 12 14 16 18 20 22 24 26 28 30
Survival time with stage Ⅳ pancreatic cancer (m)

B 100

Single palliative treatment
Multiple palliative treatment

Percent survival

80
60

P = 0.99
40
20
0

0

1
2
3
4
5
6
7
Survival time with stage Ⅳ pancreatic cancer (m)

8

Figure 3 IS-Ⅳ of patients under different treatment frequency. A: Comparison among patients in radical treatment group, 17 patients under multiple
radical treatment (2 times, by 10 patients; 3 times, by 4 patients; 4, 5 and 9
times, by 1 patient each) and 33 patients were under single radical treatment;
B: Comparison among patients in palliative treatment group, 14 patients under
multiple palliative treatment (2 times, by 11 patients; 3 times, by 3 patients) and
17 patients under single palliative treatment.

those under multiple treatments (P = 0.99, Figure 3B).
Only in the radical treatment group did multiple treatments show a significant superiority in prolonging the ISⅣ of patients.

DISCUSSION
Cryoablation has been performed for hepatic, renal,
breast, and prostate cancer, and it has shown acceptable results. During cryoablation, the formation of an
oversized ice ball increases the complication rate and
can endanger a patient’s life; an undersized ice ball can
lead to the recurrence of the tumor at the edge of the
frozen area[15]. As the volumes of primary or metastatic
tumors are sometimes large, adhesions to other organs or
tissues and invasive growth are often present. Percutaneous cryoablation cannot guarantee complete ablation,
and combination with brachytherapy might be a better
choice[16-20]. This combination of minimal invasive therapies (namely CandS treatment) can minimize the damage
of radiotherapy and cryoablation, and increase the treatment response[21,22].
In ≥ 80% of patients with pancreatic cancer, the tumor is unresectable at time of diagnosis. Chemotherapy,
palliative surgery, and radiofrequency ablation may be
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tion. This was not a definitive study for assessing the effects of chemotherapy on IS-Ⅳ of patients, the effectiveness of CandS in the treatment of newly diagnosed stage
Ⅳ pancreatic cancer, or for determining whether CandS
treatment was as effective as surgery for pancreatic tumors.
In conclusion, percutaneous CandS treatment may
have a useful role in the management of stage Ⅳ pancreatic cancer evading vital organs and those < 6 cm in diameter when surgery and chemotherapy are not options.
To further increase the IS-Ⅳ of patients, close postoperative monitoring and multiple treatments will be needed
for recurrent tumors.
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and survival time of patients with metastatic pancreatic cancer were analyzed.
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Depending on the retrospective analysis of radical and palliative treatment on
patients with stage Ⅳ pancreatic cancer, clinical evidence was provided concerning survival time, which will benefit the future application of this technology.

Terminology

Percutaneous cryosurgery: Under the guidance of B ultrasound or computed
tomography (CT), cryoprobes are directly stuck into the tumor through skin, and
cryoablation is performed in situ by the ultra-low temperature of the probe tip;
Seed implantation: under the guidance of B ultrasound or CT, radioactive seeds
are implanted into the tumor to act as brachytherapy; IS-Ⅳ: since the patients
enrolled in this study were all suffered from metastatic tumors (stage Ⅳ pancreatic cancer), and many treatments had been carried out in other countries and
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is interval survival for stage Ⅳ pancreatic cancer.
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This study is the first retrospective analysis for the radical and palliative treatment of patients with stage Ⅳ pancreatic cancer, which clarified the benefits of
percutaneous cryosurgery for this disease, along with the relationship between
treatment timing, treatment frequency, and survival time of patients. These
findings can provide important evidence for the clinical treatment of stage Ⅳ
pancreatic cancer.
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BRIEF ARTICLE

Protective role of metalloproteinase inhibitor (AE-941) on
ulcerative colitis in rats
Jing-Wei Mao, Xiao-Mei He, Hai-Ying Tang, Ying-De Wang
± 0.25, 1.52 ± 0.30 vs 1.55 ± 0.28, 0.59 ± 0.19, respectively, P = 0.040 and 0.007, CMDI: 21- and 56-d
= 3.03 ± 0.42, 1.60 ± 0.35 vs 2.08 ± 0.46, 0.86 ±
0.37, respectively, P = 0.040 and 0.005). Furthermore,
the colonic expression of MMP-2 and MMP-9 in the UC
model group increased significantly compared to the
control group (P < 0.001), and also increased compared to the AE-941-treated group on the 21- and 56-d
timepoints (MMP-2: 21- and 56-d = 0.6048 ± 0.0522,
0.4163 ± 0.0330 vs 0.3983 ± 0.0218, 0.1093 ± 0.0072,
respectively, P = 0.010; MMP-9: 21- and 56-d = 0.6873
± 0.0472, 0.4328 ± 0.0257 vs 0.5179 ± 0.0305, 0.2673
± 0.0210, respectively, P = 0.010 and 0.040).
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Abstract
AIM: To evaluate the protective role of AE-941, a matrix metalloproteinase (MMP) inhibitor, on ulcerative
colitis (UC) in rats.

Peer reviewer: Takayuki Yamamoto, MD, Inflammatory Bowel

METHODS: Sprague Dawley (SD) rats were randomly
divided into three groups: a control group, an AE-941
treatment group, and an UC model group. Rats were
sacrificed on days 7, 21, or 56 following administration
of treatment by enema and the disease activity index
(DAI), colonic mucosa damage index (CMDI) and colonic expression of MMP-2 and MMP-9 were assessed.

Mao JW, He XM, Tang HY, Wang YD. Protective role of metalloproteinase inhibitor (AE-941) on ulcerative colitis in rats. World
J Gastroenterol 2012; 18(47): 7063-7069 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i47/7063.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i47.7063

RESULTS: DAI and CDMI scores in the UC model
group increased significantly compared to the control
group at all timepoints (P < 0.001), and also increased
significantly at the 21- and 56-d timepoints compared
to the AE-941-treated group (DAI: 21- and 56-d = 2.09
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Ulcerative colitis (UC) is a type of nonspecific inflammatory bowel disease for which the etiology and disease
mechanism are not completely clear. It has recently

7063

December 21, 2012|Volume 18|Issue 47|

Mao JW et al . AE-941 protects ulcerative colitis

become apparent that the synthetic and degradative imbalance of the colonic extracellular matrix (ECM) may
be associated with the progression of UC[1,2]. The aberrant expression of matrix metalloproteinases (MMPs)
and tissue inhibitors of metalloproteinases (TIMPs)
can cause a synthetic and degradative imbalance of the
ECM, which then leads to a series of pathological reactions such as colonic mucosa inflammation, erosion, and
ulceration[3,4]. TIMPs can inhibit the activity of MMPs,
which are able to correct MMP-TIMP imbalances. Our
previous research indicated that MMPs may be involved
in the occurrence and development of UC.
Expression of MMP-2 and MMP-9 can be blocked
by AE-941, a natural inhibitor of MMPs, which is a
new and effective treatment of malignant tumors[5]. In
this study, we used a rat model of UC and administered
AE-941 by gastric lavage. We then observed the therapeutic effect of AE-941. We will discuss the mechanism
of AE-941 alleviation of UC to provide a theoretical
basis for a novel treatment for UC.

Table 1 Oligonucleotide of primers of target genes
mRNA
species
MMP-2

Sense
5’-ACCATCGCCCATCATCAAGT-3’
Antisense 5’-CGAGCAAAAGCATCATCCAC-3’
MMP-9
Sense
5’-CCCTGCGTATTTCCATTCAT-3’
Antisense 5’-ACCCCACTTCTTGTCAGCGTC-3’
Sense
5’-AAGCCTAAGGCCAACCGTGAAA
β-actin
AG-3’
Antisense 5’-TCAATGAGGTAGTCTGTCAGGT-3’

PCR
product
(bp)
348
600
241

MMP: Metalloproteinase; PCR: Polymerase chain reaction.

consistency and the presence of gross blood in the
stools every day. The scores were assigned as follows:
percentage of body weight reduction (0, no change; 1,
1%-5%; 2, 6%-10%; 3, 11%-15%; 4, > 15%); stool consistency (0, normal; 2, loose; 4, diarrhea); and the presence of fecal blood (0, normal; 2, positive occult blood
test; 4, visible bleeding)[6]. The disease activity index
(DAI) was calculated as the sum of these scores.
Rats were sacrificed at the timepoints indicated and
the entire colon was excised from the cecum to the
anus and opened longitudinally. Macroscopic damage
was evaluated using a validated [colonic mucosa damage index (CMDI)] scoring system with slight modifications[7]. The numerical rating score was as follows: 0, no
inflammation; 1, local hyperemia without ulcers, and/or
stool consistency; 2, ulceration without hyperemia; 3,
ulceration and adhesions at one site; 4, two or more sites
of inflammation and ulceration extending > 1 cm; 5, ulceration extending more than 2 cm.

MATERIALS AND METHODS
Materials
Healthy male Sprague Dawley (SD) rats weighing 180-220
g and aged 4-8 wk were supplied by the SPF laboratory
animal center of Dalian Medical University. 2,4,6-trinitrobenzenesulfonic acid solution (TNBS) was purchased
from Sigma. AE-941, MMP-2 and MMP-9 polyclonal
antibodies were supplied by Bioworld Technology. The
MaxPoly Plus Anti-Mouse/Rabbit horseradish peroxidase
IHC Kit was supplied by the Fujian Maixin Biological
Technology Co. Primers, DNA markers (DL 2000), Takara RNA polymerase chain reaction (PCR) kit3.0 (AMV)
kit were from Dalian, Takara Co. Ltd.

MMP-2 and MMP-9 mRNA expression
mRNA was extracted from colonic tissue samples using
Trizol according to the manufacturer’s protocols (Invitrogen) and RT-PCR was performed according to the
instructions of the Takara RNA PCR kit 3.0 (AMV). An
equal amount of cDNA from each sample was amplified using primers specific to each gene (Table 1). DNA
amplification was done using a thermocycler under the
following conditions: for MMP-2, 35 cycles of denaturation at 94 ℃ for 30 s, annealing at 58 ℃ for 45 s, and
extension at 72 ℃ for 90 s; for MMP-9, 35 cycles of
denaturation at 94 ℃ for 30 s, annealing at 59 ℃ for 30s,
and extension at 72 ℃ for 90 s; for β-actin, 35 cycles of
denaturation at 94 ℃ for 30s, annealing at 62 ℃ for 30s,
and extension at 72 ℃ for 90s. RT-PCR products were
measured by photodensitometry using a gel image analysis system after agarose gel electrophoresis and ethidium
bromide staining.

Animal treatment
A total of 54 SD rats were randomly divided into three
groups: a control group, an AE-941 group, and an UC
model group; each group had 18 rats. The SD rat model
of UC was established by administering a mixture of
TNBS (100 mg/kg) and 50% ethanol (0.25 mL) by enema. The control group was subject to enema and gastric
lavage with normal saline. For the AE-941 group, TNBS
was administered by enema and AE-941 was administered by gastric lavage (10 mg/kg once a day). The UC
model group was subjected to TNBS enema and the gastric lavage was composed of a saline control. Rats from
all groups were sacrificed on days 7, 21 and 56. Six rats
per group were sacrificed each day, after the enema and
colonic tissue 2.0-10.0 cm from the anus was collected
for reverse transcription polymerase chain reaction (RTPCR) and immunohistochemical analysis.

Measurement of MMP-2 and MMP-9 protein expression
Immunohistochemistry was performed according to the
Max Vision kit protocol. Image analysis software (Image-pro plus 6.0) was used to measure the light density

Disease activity index and colonic mucosa damage
index scoring
The rats were weighed and checked for behavior, stool
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Table 2 Disease activity index and colonic mucosa damage index of three groups on different time (mean ± SD)
Time

Control group

7th day
21st day
56th day

Model group

AE-941 group

DAI

CMDI

DAI

CMDI

DAI

CMDI

0.06 ± 0.14
0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

2.89 ± 0.00a
2.09 ± 0.25a
1.52 ± 0.30a

4.83 ± 0.55a
3.03 ± 0.42a
1.60 ± 0.35a

2.76 ± 0.32
1.55 ± 0.28c
0.59 ± 0.19c

4.74 ± 0.39
2.08 ± 0.46c
0.86 ± 0.37c

a

P < 0.05 vs control group; cP < 0.05 vs model group. DAI: Disease activity index; CMDI: Colonic mucosa damage index.

Table 3 Colonic mucosal mRNA expression of matrix metalloproteinase-2 and matrix metalloproteinase-9 (mean ± SD)
Time

Control group

7th day
21st day
56th day

Model group

AE-941 group

MMP-2

MMP-9

MMP-2

MMP-9

MMP-2

MMP-9

0.0062 ± 0.0017
0.0056 ± 0.0012
0.0058 ± 0.0015

0.0068 ± 0.0096
0.0071 ± 0.0134
0.0069 ± 0.0011

0.8563 ± 0.1132a
0.6048 ± 0.0522a,e
0.4163 ± 0.0330a,g

0.9936 ± 0.1187a
0.6873 ± 0.0472a,e
0.4328 ± 0.0257a,g

0.7509 ± 0.0693
0.3983 ± 0.0218c
0.1093 ± 0.0072c

0.8375 ± 0.1054
0.5179 ± 0.0305c
0.2673 ± 0.0210c

P < 0.05 vs control group; cP < 0.05 vs model group; eP < 0.05 vs day 7 timepoint; gP < 0.05 vs day 21 timepoint. MMP: Matrix metalloproteinase.

a

M

C

AE

UC

M

C

AE

UC

M

C

AE

UC

MMP-2

348 bp

MMP-9
600 bp

b-actin
241 bp

On day 7

On day 21

On day 56

Figure 1 The colonic mucosal mRNA expression of matrix metalloproteinase-2 and matrix metalloproteinase-9 in control, AE-941 and ulcerative colitis
model groups at different timepoints. Expression of matrix metalloproteinases (MMP)-2 and MMP-9 in the colonic mucosa was significantly higher in the ulcerative
colitis model group compared to the control group (P < 0.05). On days 21 and 56, the two index values in the AE-941 treatment group were significantly less than that
of the model group (P < 0.05). M: Marker; C: Control group; AE: AE-941 group; UC: UC model group.

of positive control cells in which the cytoplasm was tanyellow or brown after 3,3’-diaminobenzidine staining.
For each section, the positive integrated optical density
(IOD) and total area of five representative visual fields
without overlap were observed under high-power microscope (× 400). The ratio of IOD and total area represents the mean value of optical density, with a higher
ratio indicating a higher level of protein expression.

cally significant difference between different groups.

RESULTS
Results of disease activity index and colonic mucosa
damage index
The DAI and CMDI of the UC model group was significantly higher than that of the control group (P < 0.05)
at all timepoints. Compared with the UC model group,
the DAI and CMDI values of the AE-941 treatment
group were reduced on day 7, although not significantly
(P > 0.05). On days 21 and 56 after treatment, the DAI
and CMDI scores of the AE-941 treatment group were
significantly lower than that of the UC model group (P
< 0.05; Table 2).

Statistical analysis
All data were analyzed using the SPSS statistical package
version 11.5. Data showed a normal distribution and are
expressed as means ± SD. The responses of different
experimental groups were analyzed using one-way analysis of variance. A P-value of < 0.05 indicates a statisti-
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Control group

AE-941 group

Model group

56 d

21 d

7d

A

56 d

21 d

7d

B

Figure 2 Colonic mucosal matrix metalloproteinase-2 and -9 protein expression in control, AE-941, and ulcerative colitis model groups at different timepoints. The expression of matrix metalloproteinases (MMP)-2 (A) and MMP-9 (B) protein in the colonic mucosa of the ulcerative colitis model group was significantly
higher than in the control group (P < 0.05). By days 21 and 56 expression of MMP-2 and MMP-9 in the AE-941 treatment group was significantly less than in the
model group (P < 0.05).
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Table 4 Colonic mucosal protein expression of matrix metalloproteinase-2 and matrix metalloproteinase-9 (mean ± SD)
Time

Control group

7th day
21st day
56th day

Model group

AE-941 group

MMP-2

MMP-9

MMP-2

MMP-9

MMP-2

MMP-9

0.0053 ± 0.0037
0.0047 ± 0.0027
0.0057 ± 0.0026

0.0073 ± 0.0015
0.0067 ± 0.0011
0.0070 ± 0.0013

0.0986 ± 0.0084a
0.0773 ± 0.0052a
0.0453 ± 0.0036a

0.0916 ± 0.0077a
0.0748 ± 0.0067a
0.0537 ± 0.0035a

0.0923 ± 0.0071
0.0536 ± 0.0034c
0.0324 ± 0.0025c

0.0893 ± 0.0075
0.0554 ± 0.0061c
0.0364 ± 0.0025c

a

P < 0.05 vs control group; cP < 0.05 vs model group. MMP: Matrix metalloproteinase.

Results of reverse transcription polymerase chain
reaction
Expression of MMP-2 and MMP-9 mRNA in the colonic mucosa was significantly higher in the UC model
group compared to the control group (P < 0.05). However, compared to the UC model group, MMP-2 and
MMP-9 mRNA expression in the AE-941 treatment
group was reduced by day 7, although not significantly (P
> 0.05). On days 21 and 56, the two index values in the
AE-941 treatment group were significantly lower than
that of the model group (P < 0.05, Table 3, Figure 1).

UC model animals than in the control group, and that
decreased MMP-2 and MMP-9 expression is associated
with an improvement in both DAI and CMDI. These
data suggest that overexpression of MMP-2 and MMP-9
is related to mucosal injury and is particularly important
for inflammation.
TIMPs are endogenous secretory proteins that can
regulate the activity of MMPs[16]. A disequilibrium of
MMPs and TIMPs can lead to a synthetic and degradative imbalance of the ECM, which induces a series of
pathological reactions[17]. Our previous research showed
that hyperdegradation combined with insufficient synthesis of colonic ECM resulted in mucosal injury, necrosis and ulceration that were attributed to unbalanced
colonic mucosal expression of MMPs and TIMPs in
patients with UC[18,19].
AE-941, also known as Neovastat, is a natural MMP
inhibitor derived from shark cartilage, and is a potent inhibitor of MMP-2 and MMP-9 that can dissolve gelatin
and elastic protein[20,21]. Béliveau and Falardeau et al[22,23]
have shown that the activity of MMP-2, MMP-9 and
MMP-12 is strongly inhibited by AE-941. Neovastat is
a naturally occurring anti-angiogenic compound with
multiple mechanisms of action that provide a broad
therapeutic potential for a number of diseases[23]. This
drug is currently in international Phase Ⅱ trials for multiple myeloma, renal cell carcinoma, and non-small-cell
lung cancer[24-26], and its inhibitory function may represent an innovative approach to the treatment of these
diseases. The potent inhibition of MMP-2 and MMP-9
by AE-941 was used in our study of TNBS-induced UC
in rats. Compared to the UC model group, the DAI and
CMDI in the colon of AE-941-treated rats were significantly decreased at the 21- and 56-d timepoints. We
found that expression of MMP-2 and MMP-9 mRNA
and protein in the colonic mucosa of AE-941-treated
rats was significantly lower than in the UC model group.
Our results indicated that AE-941 is a potent MMP-2
and MMP-9 inhibitor that can relieve the intensity of
chronic inflammation by decreasing the activity and
expression of MMP-2 and MMP-9. We found no significant difference in the DAI, the CMDI, and colonic
mucosal expression of MMP-2 and MMP-9 between the
UC model animals and the AE-941 treatment group by
day 7. A possible reason for this is that rats suffering the
worst reaction to the TNBS enema at the day 7 evaluation were included in the UC model group. However,

Results of immunohistochemistry
The expression of MMP-2 and MMP-9 protein in
the colonic mucosa of the UC model group was significantly higher than in the control group (P < 0.05).
Compared with the model group, expression of MMP-2
and MMP-9 protein in the AE-941 treatment group was
reduced, although not significantly, by day 7 (P > 0.05).
In contrast, by days 21 and 56 expression of MMP-2
and MMP-9 in the AE-941 treatment group was significantly lower than in the model group (P < 0.05) (Figure 2,
Table 4).

DISCUSSION
Our previous research indicated that MMPs may be involved in the occurrence and development of UC[8,9].
MMPs are a family of calcium- or zinc-dependent proteolytic enzymes that can remodel the ECM[10]. At least 28
different MMP enzymes have been identified to date[11].
MMP-2 and MMP-9 are the main matrix metalloproteinases that function to degrade collagen subtypes, including
type Ⅳ and Ⅴ, in the matrix[12]. The study of von Lampe
demonstrated that MMP-2 was highly expressed in the
mucosa of patients with UC[13]. Pirilä et al[14] identified
MMP-2 overexpression in the colonic mucous membrane
surrounding areas of inflammation in patients with UC.
Medina also found that the expression and activity of
MMP-9 was upregulated in colonic mucosa in the UC
rat model[15]. These results suggest that overexpression
of MMP-2 and MMP-9 is related to mucosal membrane
injury, inflammation of the epithelium and tissue destruction. We therefore tested MMP-2 and MMP-9 expression
levels in colonic mucosa using RT-PCR and immunohistochemistry. Our results showed that expression of
two indices, DAI and CMDI were significantly higher in
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AE-941 did not achieve a response at the shorter (7-d)
treatment time.
By comparing the colonic mucosa expression of
MMP-2 and MMP-9 in UC model animals at different
timepoints, we found that MMP-2 and MMP-9 expression decreased as the DAI and CMDI improved. Using
Spearman analysis, we identified a positive correlation
between the expression of both MMP-2 and MMP-9
and the severity of UC.
In conclusion, our study confirmed that colonic mucosa in UC expressed MMP-2 and MMP-9 excessively
and this overexpression correlated with the severity of
UC. Treatment with AE-941 decreased the DAI and
CMDI of UC, as well as colonic mucosal expression of
MMP-2 and MMP-9, which indicates that AE-941 can
protect the colon by inhibiting the excessive expression
of MMP-2 and MMP-9 in an UC model. Therefore,
MMP inhibitors may become a new measure to treat
UC.
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BRIEF ARTICLE

Connective tissue growth factor is overexpressed in human
hepatocellular carcinoma and promotes cell invasion and
growth
Ming Xiu, Ya-Hui Liu, David R Brigstock, Fang-Hui He, Rui-Juan Zhang, Run-Ping Gao
ined for transforming growth factor β1 (TGF-β1) or
CCN2 mRNA by in situ hybridization. Computer image
analysis was performed to measure integrated optimal
density of CCN2 mRNA-positive cells in carcinoma foci
and the surrounding stroma. Fibroblast-specific protein-1 (FSP-1) and E-cadherin were examined to evaluate the process of epithelial to mesenchymal transition,
α-smooth muscle actin and FSP-1 were detected to
identify hepatic stellate cells, and CD34 was measured
to evaluate the extent of vascularization in liver tissues
by immunohistochemical staining. CCN2 was assessed
for its stimulation of HepG2 cell migration and invasion
using commercial kits while flow cytometry was used to
determine CCN2 effects on HepG2 cell-cycle.
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RESULTS: In situ hybridization analysis showed that
TGF-β1 mRNA was mainly detected in connective tissues and vasculature around carcinoma foci. In comparison to normal controls, CCN2 mRNA was enhanced
1.9-fold in carcinoma foci (12.36 ± 6.08 vs 6.42 ± 2.35)
or 9.4-fold in the surrounding stroma (60.27 ± 28.71 vs
6.42 ± 2.35), with concomitant expression of CCN2 and
TGF-β1 mRNA in those areas. Epithelial-mesenchymal
transition phenotype related with CCN2 was detected
in 12/36 (33.3%) of HCC liver samples at the edges
between carcinoma foci and vasculature. Incubation of
HepG2 cells with CCN2 (100 ng/mL) resulted in more
of the cells transitioning into S phase (23.85 ± 2.35
vs 10.94 ± 0.23), and induced a significant migratory
(4.0-fold) and invasive (5.7-fold) effect. TGF-β1-induced
cell invasion was abrogated by a neutralizing CCN2 antibody showing that CCN2 is a downstream mediator of
TGF-β1-induced hepatoma cell invasion.

Abstract
AIM: To determine the expression characteristics of
connective tissue growth factor (CTGF/CCN2) in human hepatocellular carcinoma (HCC) in histology and
to elucidate the roles of CCN2 on hepatoma cell cycle
progression and metastasis in vitro .

CONCLUSION: These data support a role for CCN2 in
the growth and metastasis of HCC and highlight CCN2
as a potential novel therapeutic target.

METHODS: Liver samples from 36 patients (who underwent hepatic resection for the first HCC between
2006 and 2011) and 6 normal individuals were exam-
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genesis, and tumorigenesis[13]. CCN2 is transcriptionally
activated by transforming growth factor β1 (TGF-β1)
through a mechanism that involves activation of Smad
binding elements and a unique TGF-β response element
in the CCN2 promoter. Enhanced expression of CCN2
by TGF-β1 has been demonstrated in many cell types
including HSCs and hepatoma cells[7,14]. Numerous studies have demonstrated that CCN2 is a downstream mediator of TGF-β1-induced ECM production in HSCs,
pancreatic stellate cells and osteoblasts[15-17]. Recently,
down-regulation of CCN2 by either the TGF-β1 inhibitor LY2109761 or CCN2 siRNA appeared to inhibit the
growth of HCC in culture or xenograft models[7,18].
In this study, we have characterized CCN2 expression in human HCC, its association with EMT, and its
effects on hepatoma cell migration, invasion or cell cycle
progression.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors worldwide and the third
most common cause of cancer death[1]. Although HCC
resection plays an important role in improving prognosis
of HCC, short survival has been observed in these patients due to high rate of recurrence and metastasis after
surgery[2,3]. The mechanisms regulating tumor growth
and metastasis of HCC are very complicated and still
not fully understand.
HCC consists of a tumor parenchyma comprised of
hepatoma cells and a surrounding microenvironment
composed of various cell types such as hepatic stellate
cells (HSCs), fibroblasts or inflammatory cells that produce a variety of tumor stroma components, including
extracellular matrix (ECM) proteins, growth factors and
cytokines[4,5]. In normal liver, HSCs are typically located
in the perisinusoidal space of disse which lies between
endothelial cells of sinusoids and hepatocytes. Following liver injury, HSCs become activated, undergo a
phenotypic transformation into fibroblast-like cells or
myofibroblasts, and migrate to sites of injury where they
produce a provisional ECM to support parenchymal
repopulation. In settings of chronic injury, this process
proceeds unabated, leading to deposition of excessive
amounts of ECM proteins and fibrillar collagens, resulting in fibrosis and scarring. This fibrotic environment
supports the growth of hepatoma cells and HCC progression is dependent on an intricate cross-talk between
the tumor and its surrounding environment[6-8]. Recent
literature has highlighted a fundamental role of the tumor microenvironment in modulating the process of liver fibrosis, hepatocarcinogenesis, epithelial-mesenchymal
transition (EMT), tumor invasion and metastasis[9,10]. A
growing body of evidence from animal models and in vitro studies suggests that growth factors and matricellular
proteins as well as resident HSCs play a key role in this
stromal-tumor interaction[5,10-12].
Connective tissue growth factor (CTGF/CCN2) is
a cysteine-rich matricellular protein that has been implicated in regulating diverse processes in vivo, including
angiogenesis, embryogenesis, chondrogenesis, fibro-
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MATERIALS AND METHODS
Clinical data
Thirty-six HCC specimens were obtained by surgical resection from May 2006 to June 2011. Samples obtained
from the peripheral areas of the tumors were selected
for this study. The patients with HCC consisted of 26
men and 10 women, mean age 56.4 years (range: 27-71
years). According to Pittsburgh modified TNM criteria,
the patients were classified as small hepatocellular carcinoma (n = 20), solitary large hepatocellular carcinoma
(n = 10) and nodular hepatocellular carcinoma (n = 6).
Six normal liver specimens were obtained from patients
undergoing hepatic resection due to a single cavernous
hemangioma and the normal liver tissues were taken at
the greatest distance from the location of the angiocavernoma. The tissue samples used as controls were histologically analyzed and clearly shown to have no inflammation or fibrosis. All specimens were examined under
a light microscope after haematoxylin and eosin (HE)
staining or Masson’s trichome staining.
In situ hybridization
ISH was performed using digoxigenin-labled sense
or anti-sense probes for CCN2 or TGF- β 1 (Boster
Biotechnology Co. Ltd., Wuhan, China). In brief, liver
samples from HCC patients were formaldehyde-fixed
and paraffin-embedded. The tissue sections (5 μm) were
deparaffinized, rehydrated with phosphate buffered solution (PBS), digested with pepsin (30 μg/mL) for 10
min at 37 ℃, fixed in 4% paraformaldehyde in PBS and
washed in 3 × SSC. The samples were pre-hybridized
at 42 ℃ for 2 h, and hybridization was performed overnight at 42 ℃ with sense or anti-sense probes. After
hybridization, unbound probe was removed by washing
in 2 × SSC, 0.5 × SSC and then 0.2 × SSC at 37 ℃ for
2 h. The tissue sections were incubated at 37 ℃ for 1 h
with biotinylated mouse anti-digoxigenin, followed by
addition of streptavidin-biotin-peroxidase complex for
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20 min. The slides were then developed with 3-amino9-ethylcarbazole (Boster Biotechnology). Ten random
images (original magnification × 400) of each slide underwent computer image analysis using Image-Pro Plus
6.0 software to assess the integrated optimal density (A)
of TGF-β1 or CCN2-positive cells in liver tissues.

h in the absence or presence of CCN2 (100 ng/mL)
or TGF-β1 (20 ng/mL) in the lower chamber of the
well. Cells that adhered to the membrane were fixed
with 100% methanol and stained with May-Grunwald’s
Giemsa. The numbers of HepG2 cells on the upper or
lower surfaces were individually counted in 10 randomly
selected microscopic fields at a magnification of 400 ×.
The rate of migration of HepG2 cells were expressed
as a migration index (%) defined as follows: (number of
cells on the undersurface of membrane/total number of
cells on both surface of the membrane) × 100.

Immunohistochemistry
Formalin-fixed, paraffin-embedded sections (5 μm) were
de-waxed and re-hydrated. Sections were incubated overnight at 4 ℃ with rabbit anti-human E-cadherin polyclonal antibody (Boster Biotechnology Co. Ltd., Wuhan,
China), mouse anti-human cluster of differentiation 34
monoclonal antibody (Maixin Bio, Fuzhou, China), rabbit anti-human CCN2 polyclonal antibody (Santa Cruz,
Heidelberg, Germany) or rabbit anti-human fibroblastspecific protein-1 (FSP-1) ployclonal antibody (Millipore
Corporation, Billerica, MA, United States). Sections
were washed in PBS and incubated at room temperature
for 10 min with biotinylated goat anti-mouse and antirabbit IgG (Maixin Bio, Fuzhou, China). After washing
with PBS, sections were incubated with streptavidinperoxidase (Maixin Bio, Fuzhou, China) for 10 min and
then developed with diaminobenzidine or 3-amino9-ethylcarbazole.

Invasion assay
A HepG2 cell invasion assay was performed in a 24-well
plate with ECMatrixTM cell culture inserts (Chemicon,
United States). The inserts contained an ECMatrix-coated polycarbonate membrane with 8 μm pores which was
rehydrated with 300 μL DMEM for 2-h at room temperature. 300 μL Hep G2 cells in DMEM (5 × 104 cells/
mL) were added to each insert while 500 μL DMEM
containing CCN2 (100 ng/mL) or TGF-β1 (20 ng/mL)
were added to the lower chamber. After 24 h, adherent
cells were fixed with 100% methanol and stained with
staining solution. The numbers of non-invaded cells
on the upper surface and those of invaded cells on the
under surface were counted in 10 randomly selected
microscopic fields at a magnification of 400 ×. The cell
invasion index (%) was defined as follows: (number of
cells on the undersurface of membrane/total number of
cells on both surface of the membrane) × 100.

Flow cytometry
Two milliliter of 1 × 105/mL HepG2 cell suspension
were placed to each well of 6-well tissue culture plates
in 12% FBS-DMEM and incubated for 12 h. The cells
were then cultured in 0.5% FBS-DMEM for 24 h. The
cell culture medium was exchanged with 0.5% FBSDMEM and the cells were incubated for another 24 h in
the absence or presence of 100 ng/mL CCN2 (Biovendor, Modrice, Czech Republic) or 20 ng/mL TGF-β1
(Peprotech, Rehovot, Iserel). The cells were then trypsinized with 0.25% trypsin and washed in PBS. HepG2
cell-cycle progression was determined by resuspending
the cells at 1 × 106 cells/mL in PBS, fixing the cells
with 75% ethanol overnight, and then staining the cells
with 0.1 mg/mL propidium iodide in a 0.1% sodium citrate/0.1% Triton X-100 solution in the presence of 0.2
mg/mL Rnase for 30 min at room temperature in the
dark. Analysis of cellular DNA content after cell staining
with propidium iodide was performed by flow cytometry
at an excitation wavelength of 488 nm. The distribution
of cells in three major phases of the cycle (G0/G1, S,
G2/M) was analyzed using CellQuest software (BD Biosciences, San Jose, CA, United States).

Ethical approval
This work was approved by First Hospital of Jilin University and was carried out in accordance with the Declaration of Helsinki (2000) of the World Medical Association. Informed consent was obtained from all patients
prior to sample collection.
Statistical analysis
Statistical analysis of the data was performed using
SPSS 13.0 for Windows (SPSS Inc, Chicago, IL, United
States). The values reported represent the mean ± SD
of the measurements. Differences were analyzed statistically with paired sample Student’s t-test and P < 0.05 was
considered significant.

RESULTS
Localization of CCN2 mRNA in HCC
At the light microscopic level, all HCC samples tested in
this study had multiple foci of carcinoma by HE or Masson’s trichrome staining. The carcinoma foci were separated or wrapped by their surrounding stroma. Collagen
bundles were present in the stroma (Figure 1A) while
CD34, a specific marker of vascular endothelial cells,
was detected in the vasculature surrounding the stroma
and in a few small blood vessels within tumor foci (Fig-

Migration assay
HepG2 migration studies were performed using a
12-well companion plate into which inserts were placed
that had an uncoated membrane with 5-μm pores (Millipore, Billerica, MA). HepG2 cells, detached from
stock dishes with 1 mmol/L EDTA, were suspended
in DMEM and placed at 3 × 104 cells per insert for 6
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Figure 1 Expression and distribution characteristics of transforming growth factor β1 or connective tissue growth factor mRNA in human hepatocellular
carcinoma. A: Masson’s trichrome stain for collagen (blue) in hepatocellular carcinoma (HCC); B: Immunohistochemical detection of CD34 in vascular endothelial
cells (brown) in HCC; C: Normal liver showing connective tissue growth factor (CCN2) mRNA expressed in connective tissue around the veins; D: Absence of staining of HCC when the in situ hybridization probes were omitted; E: HCC stained for transforming growth factor β1 mRNA, showing reactivity in connective tissue and
around the carcinoma foci; F: Over-expression of CCN2 mRNA in connective tissue and vascular endothelial cells (black arrow) in HCC. Original magnification, × 100
in A and E, × 200 in B, C, D and F. CF: Carcinoma foci; CT: Connective tissue.

ure 1B). In situ hybridization showed that CCN2 mRNA
positive cells were mainly distributed in connective tissues surrounding the carcinoma foci and its associated
vasculature. However, only mild CCN2 mRNA staining
was detected in veinal vasculature in normal liver (Figure
1C) and there was no staining in HCC liver tissue when
the in situ hybridization probe was omitted (Figure 1D).
We next examined the expression and distribution of
hepatic TGF-β1 mRNA in HCC patients since TGF-β
stimulates and interacts co-operatively with CCN2 to
drive fibrosis and tumor progression[7,13], As expected,
TGF-β1 mRNA was detected in the connective tissues
surrounding carcinoma foci where it was expressed
concomitantly with CCN2 mRNA (Figure 1E and F).
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Computer image analysis of CCN2 mRNA expression
in comparison to normal controls revealed a 9.4-fold increase in stromal expression (60.27 ± 28.71 vs 6.42 ± 2.35,
P < 0.01) and a 1.9-fold increase in expression in carcinoma foci (12.36 ± 6.08 vs 6.42 ± 2.35, P < 0.01, Table 1).
Relationship between CCN2 expression and EMT
Having shown the expression and localization of CCN2
mRNA, we next investigated the relationship between
CCN2 and the occurrence of EMT, the latter of which
was assessed by staining for either (1) E-cadherin which
is expressed in normal epithelial cells but is absent or
only weakly expressed in high-metastatic cancer cells[8] or
(2) FSP-1 which is a marker of fibroblasts and epithelial
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Table 2 Effect of connective tissue growth factor on HepG2
cell cycle progression

Table 1 Expression levels of transforming growth factor
β1 or connective tissue growth factor mRNA in human
hepatocellular carcinoma (mean ± SD)

Groups

n
Normal control
6
Carcinoma foci
36
Stroma around carcinoma foci 36
b

TGF-β1 mRNA
(A)

CCN2 mRNA
(A)

6.24 ± 2.35
15.02 ± 4.43b
47.56 ± 7.31d

6.42 ± 2.35
12.36 ± 6.08b
60.27 ± 28.71d

Normal control
CCN2
TGF-β1

S

G2-M

10.94 ± 0.23
23.85 ± 2.35a
12.07 ± 2.44

34.17 ± 1.29
34.17 ± 1.29
33.30 ± 0.73

a

P < 0.05 vs normal control. TGF-β1: Transforming growth factor β1;
CCN2: Connective tissue growth factor.

d

P < 0.01 vs normal control; P < 0.01 vs carcinoma foci. TGF-β1: Transforming growth factor β1; CCN2: Connective tissue growth factor.

by TGF-β1.
Since CCN2 expression was associated with EMT in
hepatoma cells (see above), we further examined whether CCN2 played a role in HepG2 cell invasion through
ECM using an ECMatrix culture insert. As shown in
Figure 3B, HepG2 invasion across the ECM layer was
stimulated by either CCN2 or TGF-β1, the latter of
which was blocked by anti-CCN2 antibody but not normal IgG. These data indicate that HepG2 cell invasion
is stimulated by CCN2 directly or by TGF-β1-mediated
CCN2 production.

cancer cells with EMT features. CCN2 mRNA (Figure
2A) or protein (Figure 2B) were detected in hepatoma
cells at the edge of carcinoma foci by ISH or immunohistochemistry respectively. E-cadherin was present in
areas that were adjacent to the carcinoma foci but it was
only very weakly detectable in hepatoma cells within the
carcinoma foci (Figure 2C). At the edges between carcinoma foci and the vasculature, hepatoma cells were FSP1-positive in 33.3% (12/36) of HCC sections (Figure
2D). As CCN2 has been proposed as a key regulatory
cytokine in tumor-stroma crosstalk in an animal model
of HCC[7], this aspect was investigated in our clinical
specimens. As expected, CCN2 mRNA expression occurred in (1) fibroblast-like or myofibroblast-like HSC
marked by expression of FSP-1 or α-smooth muscle
actin (α-SMA) (Figure 2D-F); (2) hepatoma cells (Figure
2G) located along the border between tumor foci and
vasculature; Since CCN2 mRNA was detected in hepatoma cells that were FSP-1-positive (Figure 2D and H),
this finding supports a role for CCN2 in autocrine or
paracrine regulation of EMT in human hepatoma cells.

DISCUSSION
In this study, we determined the expression and distribution of CCN2 in HCC, its relationship to HCC-associated EMT, and the role of CCN2 in stimulating hepatoma
migration, invasion, or cell cycle progression in vitro. Our
findings can be summarized as follows: (1) In comparison to normal controls, CCN2 mRNA expression was
enhanced, respectively, 9.4- or 1.9-fold in tumor stroma
or carcinoma foci; (2) A concomitant expression of
CCN2 and TGF-β1 mRNA was found in these areas; (3)
CCN2 expression in the stroma, hepatoma cells or HSCs
was correlated with expression of markers of EMT; (4)
CCN2 promoted HepG2 cell migration, invasion or cell
cycle progression; and (5) CCN2 neutralizing antibody
blocked TGF-β1-induced HepG2 cell invasion.
The initiation, growth and progression of HCC are
dependent on an intricate crosstalk between tumor and
stroma[7]. Components of the microenvironment that
surround hepatoma cells, including ECM protein and
growth factors as well as its constituent non-tumor cells,
are critical for HCC growth and metastasis[6,19]. It has
previously been demonstrated that TGF-β1 plays an important role in HCC by stimulating fibrogenic remodeling of the liver and contributing to tumor progression[20].
Produced downstream of TGF-β1, CCN2 participates in
a variety of pathophysiological processes, including formation of fibrous scar, angiogenesis, tumor growth[21-24].
Expression of CCN2 is related to recurrence, metastasis
and poor prognosis in human HCC and pancreatic cancer[25,26]. Increasing evidence supports a role for CCN2
in mediating the matrigenic actions of TGF-β1 in numerous cell types, especially those that have specialized
role in ECM production such as HSC, pancreatic stellate
cells and osteoblasts[14-17]. In experimental HCC models,

Effect of CCN2 on hepatoma cell cycle distribution
Cell cycle analysis was assessed by flow cytometry of
propidium iodide-stained HepG2 cells after treatment of
the cells with 100 ng/mL CCN2 for 24 h. As shown in
Table 2, approximately 53% of HepG cells were in G0/
G1, 11% were in the S, and 34% were in G2/M after
serum starvation of the cells in medium containing 0.5%
FCS. After CCN2 stimulation, a relatively lower proportion of cells (41%) were in the G0/G1 phase (41.01 ±
4.45 vs 53.56 ± 2.51, P < 0.05), and a higher proportion
(23.8%) were in S phase (23.85 ± 2.35 vs 10.94 ± 0.23, P
< 0.05), as compared to control cells. However, TGF-β1
stimulation did not significantly alter the distribution of
phases of the cell cycle as compared to control cells.
CCN2 induces hepatoma cell migration and invasion
To determine effects of CCN2 on HepG2 cell migration, we used a chemotaxis assay in which the migration
of HepG2 cells from the upper chamber of a culture
insert was assessed following addition of CCN2 to the
lower chamber. As shown in Figure 3A, CCN2 induced
HepG2 cell migration across the polyethylene membrane
in the culture insert. Cell migration was also promoted
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G0-G1
53.56 ± 2.51
41.01 ± 4.45a
54.97 ± 1.88
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Figure 2 Expression of connective tissue growth factor mRNA and its association with epithelial-mesenchymal transition in hepatocellular carcinoma.
Connective tissue growth factor (CCN2) mRNA (A) or protein (B) were detected in hepatoma cells at the edge of carcinoma foci by in situ hybridization or immunohistochemistry respectively; C: E-cadherin was only weakly detectable in carcinoma foci but stained more intensely in normal hepatocytes; D, E: Fibroblast-specific protein-1 (FSP-1)-positive hepatoma cells (white arrow) were located at a position between the edge of carcinoma foci and vascular wall; FSP-1-positive (black arrows)
(D) or (E) α-smooth muscle actin-positive (black arrows) fibroblast-like or myofibroblast-like hepatic stellate cell (HSC) were found within carcinoma foci; F-H: CCN2
mRNA was detected in either fibroblast-like or myofibroblast-like HSC (black arrows); CCN2 mRNA (G) or (H) FSP-1 were found in some hepatoma cells. Original
magnification, × 400 in A, B, C, D, F and G, × 200 in E and H. Examples of positively stained cells or structures in each panel are arrowed.

LY2109761, an inhibitor of TGF-β1, was shown to inhibit neo-angiogenesis, tumor growth and progression
by down-regulation of CCN2 production[6,7]. Our results
show that human HCC is characterized by enhanced
CCN2 expression in tumor stroma and tumor cells, as
well as its co-expression with TGF-β1. Collectively these
data suggest that CCN2 is an important component of
the tumor-stroma axis and likely plays an important role
in the development and progression of HCC.
EMT is a cellular program characterized by loss of
cell adhesion, repression of E-cadherin expression, rearrangement of the cellular cytoskeleton, upregulation of
matrix remodeling factors and increased cell mobility[27].
EMT is essential for numerous developmental processes
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including embryo implantation, embryogenesis, organ
development and fibrosis[28-30]. Over past decade, the
EMT process has been increasingly recognized to occur
during the progression of various carcinomas such as
HCC or pancreatic adenocarcinoma[31,32]. Recent studies
have shown that TGF-β1 or hepatocyte growth factor induces EMT in HCC cell lines or in animal models[27,32-34]. CCN2 has been demonstrated to promote
human renal tubular epithelial cells to mesenchymal transition characterized by down-regulation of E-cadherin
and up-regulation of α-SMA[35]. In this study we showed
that hepatoma cells with EMT characteristics (downregulation of E-cadherin and upregulation of FSP-1) were
located at the tumor border and were positive for CCN2,
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are attenuated by neutralizing anti-CCN2 antibody[38,39].
Increasing evidence from in vitro studies demonstrates
that CCN2 regulates cell motility, migration and invasion in glioma, melanoma or gastric cancer cells[40-43].
Specifically, CCN2 induces gastric cancer cell migration
through downregulation of E-cadherin via the nuclear
factor κB (NF-κB) pathway while glioma tumor initiation or tumor stem cell invasion are promoted by CCN2
via its binding with integrin β1 and tyrosine kinase receptor type A, and activation NF-κB signal pathway[40,43].
Downregulation of matrix metalloproteinase (MMP)-2
and MMP-9 contributed to the reduced invasion of
gastric cancer cells in which CCN2 expression was
knocked down[41]. Moreover, down-regulation of CCN2
by either the TGF-β1 inhibitor LY2109761 or CCN2
siRNA diminished hepatoma growth, intravasation and
metastatic dissemination in an in vivo xenograft model
or in cell culture systems[7,18]. Thus, these findings are
consistent with our observations that exogenous CCN2
induces hepatoma cell migration, invasion and cell cycle
progression. These functional properties in hepatoma
cells coupled with the pattern of CCN2 over-expression
in HCC, support a role of CCN2 in the growth and metastasis of human HCC.
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Hepatocellular carcinoma (HCC) is the most common form of liver malignancy
worldwide. HCC consists of a tumor parenchyma comprised of hepatoma cells
and a surrounding microenvironment composed of various cell types such as
hepatic stellate cells (HSCs), fibroblasts, and inflammatory cells that produce a
variety of tumor stroma components including extracellular matrix (ECM) proteins, growth factors and cytokines. A growing body of literature has highlighted
a fundamental role of the tumor microenvironment in modulating the process
of hepatocarcinogenesis, epithelial-mesenchymal transition, tumor invasion
and metastasis. Connective tissue growth factor (CTGF/CCN2) is downstream
mediator of transforming growth factor β1 (TGF-β1)-induced ECM production in
HSCs and hepatoma cells. CCN2 has been previously implicated in cancer metastasis and invasion in various tumors. However, the role of CCN2 in human
HCC remains largely unknown.
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Figure 3 Connective tissue growth factor induces HepG2 cell migration or
invasion in vitro. A: HepG2 cell migration assays were performed by placing
the cells in culture inserts followed by incubation in a 12-well companion plate
for 6 h in the absence (control) or presence of connective tissue growth factor
(100 ng/mL) or transforming growth factor β1 (TGF-β1) (20 ng/mL) in the lower
chamber; B: HepG2 cell invasion assays were performed by placing the cells in
culture inserts followed by incubation in a 24-well companion plate for 24 h in
the absence (control) or presence of connective tissue growth factor (100 ng/
mL) or TGF-β1 (20 ng/mL) in the lower chamber. For inhibitory studies, HepG2
cells were incubated with 25 μg/mL anti-connective tissue growth factor (CCN2),
or normal mouse immunoglobulin G during treatment with TGF-β1. bP < 0.01 vs
control or CCN2 group; cP < 0.05 vs TGF-β1 group.

Research frontiers

Recently, down-regulation of CCN2 by either the TGF-β1 inhibitor LY2109761
or CCN2 siRNA appeared to inhibit the growth of HCC in culture or xenografted
models. High intratumoral CCN2 expression was associated with vascular invasion and poor survival after curative resection of hepatocellular carcinoma. The
preliminary results suggest that CCN2 might play a crucial roles in regulating
the growth and metastasis of HCC.

which was also detected in tumor- or stroma- associated
HSCs. Taken together, these results support a role for
HSC- or HCC-derived CCN2 in the process of EMT.
Tumor cell invasion and metastasis are complex and
multistage processes that occur after cancer cells have
undergone genotypic and phenotypic alterations resulting in the aquisition of a matrix-degrading and migratory phenotype[36]. Tumor cell migration is necessary at
the initiation of the metastatic cascade, at which time
the tumor cells leave the primary site and migrate in
response to, and toward, specific external chemotactic
factors such as growth factors and ECM[36,37]. In mouse
models, proliferation and invasion of breast or pancreatic cancer cells are increased by CCN2, while the
growth and metastasis of pancreatic adenocarcinoma
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Innovations and breakthroughs

To date, there have been a limited number of HCC studies using in vitro cell
culture, animal models or human clinical specimens to address the roles of
CCN2 in regulation of tumor growth and metastasis. In this study, the authors
determined the expression characteristics of CCN2 in human HCC by histology
and elucidated the roles of CCN2 on hepatoma cell migration, invasion and cell
cycle progression. Furthermore, the authors described the relationship between
the overexpression of CCN2 in human HCC and its association with epithelialmesenchymal transition (EMT).

Applications

These studies suggest that CCN2 plays important roles in tumor growth and
metastasis in human HCC and highlight CCN2 as potential novel therapeutic
target.

Peer review

This paper provided some aspects on understanding EMT of HCC and mecha-
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nisms on HCC migration and invasion. The result is interesting and suggest that
a role for CCN2 in the growth and metastasis of HCC and highlight CCN2 as a
potential novel therapeutic target.
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P-glycoprotein expression in H22 tumor-bearing mice
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tance (MDR ) 1 mRNA in tumor tissues were detected
using enzyme-linked immunosorbent assay, Western
blotting, and quantitative myeloid-derived suppressor
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RESULTS: The tumor inhibition rates in the treatment
groups of Adriamycin (ADM) + Astragalus polysaccharides (APS) (50 mg/kg), ADM + APS (100 mg/kg),
and ADM + APS (200 mg/kg) were significantly higher
than in the ADM group (72.88% vs 60.36%, P = 0.013;
73.40% vs 60.36%, P = 0.010; 77.57% vs 60.36%,
P = 0.001). The spleen indexes of the above groups
were also significantly higher than in the ADM group
(0.65 ± 0.22 vs 0.39 ± 0.17, P = 0.023; 0.62 ± 0.34 vs
0.39 ± 0.17, P = 0.022; 0.67 ± 0.20 vs 0.39 ± 0.17, P
= 0.012), and the thymus indexes of the ADM + APS
(100 mg/kg) and ADM + APS (200 mg/kg) groups were
significantly higher than in the ADM group (0.20 ± 0.06
vs 0.13 ± 0.04, P = 0.029; 0.47 ± 0.12 vs 0.13 ± 0.04,
P = 0.000). APS was found to exert a synergistic antitumor effect with ADM and to alleviate the decrease in
the sizes of the spleen and thymus induced by AMD.
The expression of interleukin-1α (IL-1α), IL-2, IL-6,
and tumor necrosis factor-α (TNF-α) was significantly
higher in the ADM + APS (50 mg/kg), ADM + APS (100
mg/kg) and ADM + APS (200 mg/kg) groups than in
the ADM group; and IL-10 was significantly lower in
the above groups than in the ADM group. APS could
increase IL-1a, IL-2, IL-6, and TNF-α expression and
decrease IL-10 levels. Compared with the ADM group,
APS treatment at a dose of 50-200 mg/kg could downregulate MDR1 mRNA expression in a dose-dependent
manner (0.48 ± 0.13 vs 4.26 ± 1.51, P = 0.000; 0.36
± 0.03 vs 4.26 ± 1.51, P = 0.000; 0.21 ± 0.04 vs
4.26 ± 1.51, P = 0.000). The expression level of P-GP
was significantly lower in the ADM + APS (200 mg/kg)
group than in the ADM group (137.35 ± 9.20 mg/kg vs
282.19 ± 20.54 mg/kg, P = 0.023).

Abstract
AIM: To investigate the adjunct anticancer effect of Astragalus polysaccharides in H22 tumor-bearing mice.
METHODS: To establish a solid tumor model, 5.0 ×
6
10 /mL H22 hepatoma cells were inoculated subcutaneously into the right armpit region of Kunming mice (6-12
wk old, 18-22 g). When the tumors reached a size of
3
100 mm , the animals were treated as indicated, and
the mice were randomly assigned to seven groups (n
= 10 each). After ten days of treatment, blood samples
were collected from mouse eyes, and serum was harvested by centrifugation. Mice were sacrificed, and the
whole body, tumor, spleen and thymus were weighed
immediately. The rate of tumor inhibition and organ indexes were calculated. The expression levels of serum
cytokines, P-glycoprotein (P-GP) and multidrug resis-
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CONCLUSION: APS exerts a synergistic anti-tumor
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aging possibly because that the perfect reverser does not
exist[6].
Traditional Chinese medicine (TCM) and herbal
medicines in particular have been used in the treatment
of cancer for thousands of years in China, Japan, South
Korea and other Asian countries. These medicines are
widely accepted as current forms of adjuvant therapy
in cancer treatment in the United States and Europe[7,8].
TCM has been shown to play an adjunct anticancer role
by inducing apoptosis and differentiation, enhancing the
immune system, inhibiting angiogenesis and reversing
MDR[9]. As adjunct anticancer agents, TCM has great advantages in terms of increasing the sensitivity of chemotherapeutics, reducing the side effects and complications
associated with chemotherapy, and improving patient
quality of life and survival time[10]. In the search for new
cancer therapeutics with lower toxicity and fewer side effects, TCM has shown promise[11].
The dried root of Astragalus membranaceus has a
long history of medicinal use in TCM. Astragalus has
demonstrated a wide range of potential therapeutic applications in immunodeficiency syndromes, as an adjunct
cancer therapy, and for its adaptogenic effect on the
heart and kidneys[12]. Astragalus extract inhibits destruction of gastric cancer cells by mesothelial cells through
its anti-apoptosis effects[13]. The active pharmacological
constituents of Astragalus membranaceus include various polysaccharides, saponins and ﬂavonoids as well as
L-arginine or L-canavanine[14,15]. Among these, Astragalus
polysaccharides (APS) have been most widely studied.
APS plays its adjunct anticancer role by improving immune function[16-19], counteracting the side effects of chemotherapeutic drugs[12,15,20,21]and increasing the sensitivity
of chemo-therapeutics[13,17,18,22-25]. However, the mechanism underlying the adjunct anticancer property of APS,
especially whether or not it involves the regulation of
cytokines and reversal of MDR, is not completely clear.
Thus, the present study focuses on investigating the
effect of APS on the expression of cytokines and P-GP
in H22 tumor-bearing mice.

effect with ADM in H22 tumor-bearing mice. This may
be related to its ability to enhance the expression of IL1a, IL-2, IL-6, and TNF-α, decrease IL-10, and downregulate MDR1 mRNA and P-GP expression levels.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Cancer has become a major public health problem globally[1]. The World Health Organization predicts that by
2030 an estimated number of 21.4 million new cases of
cancer and 13.2 million cancer deaths will occur annually
around the world[2]. Surgery, radiotherapy, chemotherapy
and endocrine therapy remains the classic cancer therapies[3]. For advanced tumors, chemotherapy is still the
treatment of choice, and although these drugs are effective, they are associated with severe adverse events and
drug resistance, especially multidrug resistance (MDR)[4].
Severe adverse events affect patients’ compliance.
Drug resistance, especially MDR, is the leading cause of
treatment failure in cancer therapy. Once the MDR occurs, chemotherapy is no longer effective even with doses
of drugs high enough to overcome the resistance; toxic
effects are observed and resistance mechanisms can be
further stimulated[5]. One of the underlying mechanisms
of MDR is cellular overproduction of P-glycoprotein
(P-GP) which acts as an efflux pump for various anticancer drugs. P-GP is encoded by the MDR1 gene and its
over-expression in cancer cells has become a therapeutic
target for circumventing MDR. A potential therapeutic
strategy is to co-administer efflux pump inhibitors, although such reversal agents might actually increase the
side effects of chemotherapy by blocking physiological
anticancer drug efflux from normal cells. Although great
efforts have been made to overcome MDR with the firstand second-generation reversal agents available in current
clinical use for other indications (e.g., verapamil, cyclosporine A and quinidine) or analogues of the first-generation drugs (e.g., dexverapamil, valspodar and cinchonine),
few significant advances have been achieved. Clinical trials with the third-generation modulators (e.g., biricodar,
zosuquidar and laniquidar) specifically for MDR reversal
are being developed. The results however are not encour-

WJG|www.wjgnet.com

MATERIALS AND METHODS
Main reagents
APS (20  000-60  000 mol/L) was purchased from Shanxi
Undersun Biomedtech Co. Ltd., China). Adriamycin
(ADM), verapamil, and rifampicin (RFP) were purchased
from the National Institutes for Food and Drug Control.
Mouse interleukin-1α (IL-1α) enzyme-linked immunosorbent assay (ELISA) kit, mouse IL-2 ELISA kit, mouse
IL-6 ELISA kit, mouse IL-10 ELISA kit and mouse
tumor necrosis factor-α (TNF-α) ELISA kit, TaKaRaRNA PCRI Kit (AMV) Ver3.0, and TRIZOL reagent
were purchased from Sigma Corporation, MO, United
States. Goat anti-mouse IgG and fluorescein-affinity
pure goat anti-rabbit IgG were purchased from Jackson
ImmunoResearch Laboratories. Oligonucleotides and
reagents for polymerase chain reaction (PCR) assay were
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purchased from Sigma Corporation.

uid nitrogen for further analysis[28,29].

Cell lines and culture
H22 hepatoma cells lines (purchased from Beijing Cowin
Biotech Co. Ltd., Beijing, China) were cultured in cell
culture vessels in vitro. The H22 cells were harvested and
inoculated intraperitoneally for 9 d to the eight Kunming
mice (KM). To establish the tumor-bearing mouse model,
cells with ascites were harvested and inoculated subcutaneously into the right armpit region of of the mice.

Tumor inhibition rate and immune organ index
The inhibitory effect of experimental treatment on tumor growth was evaluated by tumor inhibition rate, and
the influence of different drugs on the immune organs
was evaluated by the immune organ index. The inhibitory rates of tumor growth were calculated as follows:
inhibitory rate = (1-average tumor weight in the experimental group/average tumor weight of control group) ×
100%[28,29]. The organ indexes of spleen and thymus were
calculated as follows: organ index (%) = average weight
of organ/(average body weight) × 100%.

Animals and trial groups
Male KM (age, 6-12 wk; weight, 18-22 g) were purchased
from the Animal Center of the Third Xiangya Hospital.
These animals were maintained at 25 ± 1 ℃ and 60% ±
5% humidity under a 12 h light-dark cycle. All experimental animals were housed under specific-pathogenfree conditions for 1 wk to get accustomed to the surroundings before initiation of the experiment. They were
allowed free access to food and water throughout the
study. All experimental protocols described in this study
were approved by the Ethics Review Committee for Animal Experimentation of Central South University.
Mice were randomly assigned to one of the seven
groups (n = 10 each): ADM group, ADM + RFP group,
normal saline (NS) group, ADM + APS (50 mg/kg)
group, ADM + APS (100 mg/kg) group, ADM + APS
(200 mg/kg) group, ADM + VER group. All the agents
were administered by intraperitoneal injection (ip): ADM
1.25 mg/kg, 0.2 mL, qod × 5 d; RFP 40 mg/kg, 0.2 mL,
qd × 10 d; NS 0.4 mL, qd × 10 d; APS 50 mg/kg, 100
mg/kg, 200 mg/kg 0.2 mL, qd × 10 d; and VER 1 mg/kg,
0.2 mL, qd × 10 d. After ten days of treatment, the organ
indexes and tumor inhibition rate were calculated, and
compared with those of control group.

Measurement of cytokines
The serum levels of cytokines were determined by ELISA according to the manufacturer’s instructions (eBioscience, United States). ELISA kits were employed for the
measurement of the levels of IL-1α, IL-2, IL-6, IL-10,
and TNF-α.
Western blotting analysis
RFP (P-GP inducer) and VER (P-GP antagonist) were
used as positive controls. Western blotting analysis was
performed as previously described [30-32]. Briefly, 200
mg of each tumor was frozen with liquid nitrogen and
crushed in a mortar. The tumor samples were homogenized in a lysis buffer. Cells were washed twice with icecold PBS and total cell lysates were collected in sodium
dodecyl sulfate (SDS) sample buffer (50 mmol Tris-HCl,
pH 6.8, 100 mmol dithiothreitol (DTT), 2% SDS, 0.1%
bromophenol blue, 10% glycerol). Cell lysates containing equal amounts of protein were separated by SDSpolyacrylamide gel electrophoresis and transferred to
polyvinylidine difluoride membranes. After blocking in
5% non-fat milk in Tris-buffered saline with 0.1% Tween
20 (pH 7.6), membranes were incubated with the appropriate primary antibodies (goat anti-mouse IgG) at 4 ℃,
overnight, and exposed to the appropriate secondary
antibody (goat anti-rabbit IgG) for 3 h at 37 ℃. Immunoreactive proteins were visualized using the enhanced
chemiluminescence system from Pierce (Rockford, IL,
United States).

Modeling of the tumor-bearing mice
This model was created by subcutaneous injection of
H22 cells as previously described[26-28]. Briefly, the H22
cells with ascites were harvested, diluted to a concentration of 5.0 × 106/mL with sterilized NS, and inoculated
subcutaneously into the right armpit region of the mice.
Each mouse was weighed immediately after inoculation.
During this period, growth rate and tumor size were
measured every two days by determining two perpendicular dimensions. Then the volume of each tumor was
calculated using the following formula: volume = 1/2
× length × width2[28,29]. When the tumors reached a size
of 100 mm3 (excluding maximum and minimum values)
the animals were treated as indicated, and were randomly
assigned to one of the groups mentioned above. Fortyeight hours after the final administration of tested drug
on the 10th day of the experiment, blood samples were
collected from the mice’s eyes and serum was harvested
by centrifugation. Mice were killed by pulling and breaking of the cervical vertebra, and the whole body, tumor,
spleen, and thymus were weighed immediately. Sera were
stored at -70 ℃ and other specimens were stored in liq-
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Quantitative real time reverse transcription-PCR
The MDR1 mRNA expression level in the H22 tumorbearing mice was measured using quantitative reverse
transcription (QRT)-PCR. Briefly, total RNA was extracted using the TRIzol reagent following the manufacturer’
s instructions and reverse transcribed to cDNA using the
Gene Amp RNA PCR kit in a DNA thermal cycler (BioRad). QRT-PCR was performed with SYBR green PCR
master mix in an ABI Prism 7700 real time PCR machine
(Applied Biosystems, Foster City, CA, United States).
The synthesized cDNA served as a template in a 25 μL
reaction. A non-template control was included in all experiments. Primer sequences were as follows: P-GP GenBank, sense: 5’-TAATGCGACAGG AGATAGGCT-3’,
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ADM + RFP
ADM
NS
ADM + APS (50 mg/kg)
ADM + APS (100 mg/kg)
ADM + APS (200 mg/kg)
ADM + VER

Figure 1 Solid tumors from tumor-bearing mice. ADM: Adriamycin; RFP: Rifampicin; NS: Normal saline; APS: Astragalus polysaccharides; VER: Verapamil.

Table 1 Tumor inhibition rate and immune organ index (n = 10)
Group

Tumor weight (g)

ADM + RFP
ADM
NS
ADM + APS (50 mg/kg)
ADM + APS (100 mg/kg)
ADM + APS (200 mg/kg)
ADM + VER

5.37 ± 1.31a
5.32 ± 2.03a
13.42 ± 1.03
3.64 ± 1.54a,c
3.57 ± 1.66a,c
3.01 ± 1.95a,c
4.75 ± 1.86a

Inhibition rate (%)

Spleen index

Thymus index

60.00
60.36
72.88c
73.40c
77.57c
69.45

0.51 ± 0.28a
0.39 ± 0.17a
0.74 ± 0.21
0.65 ± 0.22c
0.62 ± 0.34c
0.67 ± 0.20c
0.50 ± 0.17a

0.15 ± 0.04
0.13 ± 0.04
0.15 ± 0.09
0.15 ± 0.05
0.20 ± 0.06c
0.47 ± 0.12a,c
0.13 ± 0.03

a

P < 0.05 vs normal saline (NS) group; cP < 0.05 vs adriamycin (ADM) group. RFP: Rifampicin; APS: Astragalus
polysaccharides; VER: Verapamil.

and antisense: 5’-CCGCCATTGA CTGAAAGAACAT-3’; GAPDH GenBank: sense: 5’-GAGTCAACGGA
TTTGGTCG-3’, and antisense: 5’-CGGAAGATGGTGATGGGATT-3’. QRT-PCR was performed at
94 ℃ for 4 min, followed by 40 cycles at 94 ℃ for 15 s,
at 60 ℃ for 25 s, and at 72 ℃ for 25 s. Data were analyzed with Sequence Detector software (v1.9, Applied
Biosystems, Foster City, CA, United States). The mean Ct
value for duplicate measurements was used to detect the
expression of target genes, which were normalized to a
housekeeping gene, which was used as an internal control
[glyceraldehyde-3-phosphate dehydrogenase (GAPDH)]
according to the 2-ΔΔCt formula.

autonomic activities, ingestion, hydroposia, pelage, feces,
or urine of any of the mice in each experimental group
after drug administration. In addition, there was no abnormal secretion from the eyes, ears, noses, or mouths of
the mice.
Tumor inhibition rates and the immune organ index
After mice were killed, the solid tumors were removed
from tumor-bearing mice and are shown in Figure 1. The
tumor inhibition rate and immune organ index are shown
in Table 1. The mean weight of tumors in the treatment
groups was significantly lower than in the NS group (P <
0.05). The mean weight of tumors in ADM + APS (50
mg/kg), ADM + APS (100 mg/kg), and ADM + APS
(200 mg/kg) groups were significantly lower than in the
ADM group (P < 0.05). The tumor inhibition rates in
these groups were significantly higher than in the ADM
group (P < 0.05). The spleen indexes in the ADM +
RFP, ADM, and ADM + VER groups were significantly
lower than that of the NS group (P < 0.05) and the thymus index of the ADM + APS (200 mg/kg) group was
significantly higher than that of the NS group (P < 0.05).
The spleen indexes of the ADM + APS (50 mg/kg),
ADM + APS (100mg/kg), and ADM + APS (200mg/kg)
groups were significantly higher than that of the ADM
group (P < 0.05), and the thymus indexes of the ADM
+ APS (100 mg/kg), ADM + APS (200 mg/kg) group
were significantly higher than the ADM group (P < 0.05).
Collectively, these results showed that APS can act syner-

Statistical analysis
For statistical analysis of cytotoxicity, results from P-GP
and MDR1 mRNA expression assays were analyzed using
SPSS 14.0 software (v14, SPSS Inc. Chicago, IL, United
States). Differences among the experimental groups
were analyzed by one-way analysis of variance. The realtime PCR data were analyzed using the SDS software on
the ABI PRISM®7700 sequence detection system at a
conﬁdence limit of 95%. A P < 0.05 was considered statistically significant.

RESULTS
General health status of mice
There was no abnormality detected in the daily behavior,
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Table 2 Expression of interleukin-1α, interleukin-2, interleukin-6, tumor necrosis factor-α, and
interleukin-10 (n = 10)
Group

mean ± SD (pg/mL)
IL-1α

ADM + RFP
ADM
NS
ADM + APS (50 mg/kg)
ADM + APS (100 mg/kg)
ADM + APS (200 mg/kg)
ADM + VER

IL-2

5.89 ± 2.12
4.63 ± 3.2
13.21 ± 2.01c
14.34 ± 1.78c
25.31 ± 2.98a,c
22.45 ± 4.01a,c
7.34 ± 2.11

IL-6
a

6.11 ± 2.9
5.23 ± 2.12a
11.35 ± 2.09c
12.11 ± 3.08c
19.98 ± 3.21a,c
26.67 ± 7.21a,c
5.77 ± 2.11

TNF-α
a

10.99 ± 2.09
10.78 ± 3.13a
29.55 ± 8.97c
41.57 ± 6.42a,c
38.82 ± 5.88a,c
40.99 ± 5.54a,c
9.34 ± 1.75a

9.00 ± 1.21
8.01 ± 1.22
23.1 ± 1.83c
29.97 ± 4.09c
33.23 ± 3.99a,c
44.78 ± 3.98a,c
9.11 ± 2.01

IL-10
55.98 ± 2.43
54.01 ± 2.33
56.67 ± 4.32
41.23 ± 3.12a,c
27.23 ± 7.68a,c
24.87 ± 5.78a,c
50.66 ± 1.12

P < 0.05 vs normal saline (NS) group; cP < 0.05 vs adriamycin (ADM) group. IL: Interleukin; TNF-α: Tumor necrosis
factor-α; RFP: Rifampicin; APS: Astragalus polysaccharides; VER: Verapamil.
a

A

B

C

D

E

F

Expression levels of IL-α , IL-2, IL-6, TNF-α and IL-10
The expression levels of serum cytokines are shown in
Table 2. The expression levels of IL-1α, IL-2, IL-6, and
TNF-α were significantly higher in the ADM + APS (50
mg/kg), ADM + APS (100 mg/kg), and ADM + APS
(200 mg/kg) groups than in the NS group (P < 0.05),
particularly in the medium- and high-dose groups. Cytokine levels were lower in the ADM group than in the
NS group. The expression levels of IL-1a, IL-2, IL-6,
and TNF-α were also significantly higher (P < 0.05) in
the ADM + APS (50 mg/kg), ADM + APS (100 mg/kg)
and ADM + APS (200 mg/kg) groups than in the ADM
group. The expression level of IL-10 was significantly
lower (P < 0.05) in the ADM + APS (50 mg/kg), ADM
+ APS (100 mg/kg), and ADM + APS (200 mg/kg)
groups than in either the NS or ADM groups. In summary, APS increased expression levels of IL-1a, IL-2,
IL-6, and TNF-α and decreased IL-10 levels.

G
P-GP

1

β-actin
P-GP

2

β-actin
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β-actin
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Expression of P-GP in tumor tissue
The expression of P-GP in tumor tissue is shown in
Figure 2. As assessed by computer-assisted gel analysis
(Figure 3A), the ADM + RFP group exhibited a significantly higher P-GP expression than other groups. Different concentrations of APS and verapamil were found to
down-regulate P-GP expression. APS down-regulated less
P-GP expression than verapamil did. Also, APS (50-200
mg/kg) was found to down-regulate P-GP expression in
a dose-dependent manner. The expression level of P-GP
was significantly lower (P < 0.05) in the ADM + APS (200
mg/kg) and verapamil groups than in the ADM or ADM
+ RFP groups.

β-actin
P-GP
8

β-actin
P-GP

9

β-actin
P-GP

10

β-actin

Figure 2 P-glycoprotein expression in tumor tissues after different chemotherapeutic treatment. A: Normal saline group (No.1-5); B: Adriamycin
(ADM) group (No.1-5); C: ADM + rifampicin (RFP) group (No.1-5); D: ADM +
astragalus polysaccharides (APS) (50 mg/kg) group (No.1-5); E: ADM + APS
(100 mg/kg) group (No.1-5); F: ADM + APS (200 mg/kg) group (No.1-5); G:
ADM + verapamil (VER) group (No.1-5); H: NS group (No. 6-10); I: ADM group
(No. 6-10); J: ADM + RFP group (No. 6-10); K: ADM + APS (50 mg/kg) group
(No. 6-10); L: ADM + APS (100 mg/kg) group (No. 6-10); M: ADM + APS (200
mg/kg) group (No. 6-10); N: ADM + VER group (No. 6-10). P-GP: P-glycoprotein.

QRT-PCR detection of multidrug resistance 1 mRNA in
tumor tissue
The expression of MDR1 mRNA in tumor tissue is
shown in Table 3 and Figure 3B. The ADM and ADM
+ RFP group showed significantly higher MDR1 mRNA
expression than the other groups (P < 0.05). Compared
to the ADM group, the RFP group showed increased
MDR1 mRNA expression, and the VER group and APS
groups showed decreased MDR1 mRNA expression (P

gistically with AMD on tumor inhibition and can alleviate
the decreased size of the spleen and thymus induced by
AMD.
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P-GP expression in tumor tissue

Table 3 Multidrug resistance 1 mRNA expression in tumor
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the adjunct anticancer role of APS might be related to
immune function enhancement. However, the mechanism underlying these effects remains to be determined.
In particular, it is not completely clear whether APS is
involved in the regulation of cytokines and reversal of
MDR.
Our conclusions regarding the sensitivity to chemotherapy drugs were partially supported by the results of
these studies. Compared with the ADM group, the mean
weight of tumors was significantly decreased (P < 0.05)
and the inhibition rates of tumors were significantly increased (P < 0.05) within the APS treatment range of 50
to 200 mg/kg. The spleen and thymus index were also
significantly increased. Collectively, these results show
that APS exerts a synergistic anti-tumor effect with AMD,
and alleviates the decreased sizes of the spleen and thymus induced by AMD (Table 1). The cytokines IL-1α,
IL-2 and IL-6 are capable of inducing the proliferation
of responsive T-cells. TNF-α has been proven to be an
effective anticancer agent in in vitro and in vivo preclinical studies, by inducing apoptotic cell death and tumor
necrosis. IL-10 inhibits the synthesis of IL-2 and TNF-α
produced by activated macrophages and by helper T
cells[33]. In the present study, APS was found to induce
increase in IL-1α, IL-2, IL-6, and TNF-α expression and
decrease in IL-10 expression (Table 2). APS effect on cytokine levels may be one of its adjunct anticancer mechanisms.
However, tumor immunology is a complex biological
phenomenon, with the secretion, function and regulation
of cytokines occurring through multiple mechanisms,
and is mediated by a wide variety of cell populations.
How APS induces expression of these cytokines merits
further study.
It has been shown that drug resistance in tumor cells
are related to MDR1 upregulation and P-GP over expression[34-36]. As a P-GP substrate, ADM can induce P-GP
expression and consequently reduce its efficacy. In the
present study, APS was found to enhance the chemosensitivity to ADM of H22 tumor-bearing mice. To
determine whether APS is involved in P-GP expression,
the P-GP inducer rifampin and P-GP inhibitor verapamil
were used as positive controls. Western blotting analysis of P-GP expression and real-time PCR detection

MDR1 mRNA expression in tumor tissue
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Figure 3 P-glycoprotein optical density values and MDR1 mRNA expression in tumor tissues after different chemotherapeutic treatment. A:
P-glycoprotein (P-GP) optical density values; B: MDR1 mRNA expression. aP <
0.05 vs adriamycin (ADM) group; cP < 0.05 vs ADM + rifampicin (RFP) group.
NS: Normal saline; APS: Astragalus polysaccharides; VER: Verapamil.

< 0.05). MDR1 mRNA expression decreased with increasing concentrations of APS (50-200 mg/kg). MDR1
mRNA expression was reduced in a dose-dependent
manner.

DISCUSSION
Guo et al[24] reported that treatment with APS along with
vinorelbine and cisplatin significantly improves quality of life in patients with advanced non-small-cell lung
cancer over vinorelbine and cisplatin alone. Cui et al[22]
reported that hepatocarcinogenesis could be prevented
in rats fed with the aqueous extract of Astragalus, which
is mainly composed of Astragalus polysaccharides. There
are also reports that APS act as an adjunct anticancer
agent[13,18,23,25].
These results led the researchers to speculate that
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( mean ± SD )
5.02 ± 1.82
4.26 ± 1.51
1.02 ± 0.05a,c
0.48 ± 0.13a,c
0.36 ± 0.03a,c
0.21 ± 0.04a,c
0.28 ± 0.09a,c

a
P < 0.05 vs adriamycin (ADM) group; cP < 0.05 vs ADM + rifampicin
(RFP) group. NS: Normal saline; APS: Astragalus polysaccharides; VER:
Verapamil.
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Terminology

of MDR1 mRNA expression in tumor tissue revealed
that APS (50 to 200 mg/kg) reduced P-GP protein and
MDR1 mRNA expression in a dose-dependent manner
(Figures 2, 3 and Table 3). The expression levels of P-GP
and MDR1 were significantly decreased (P < 0.05) in
the ADM + APS (200 mg/kg) treatment compared with
the ADM or ADM + RFP treatment groups (P < 0.05).
In the present study, APS was found to down-regulate
MDR1 mRNA and P-GP expression levels, thereby increasing the intracellular concentration of chemotherapeutic drugs. This may be the mechanism behind its secondary anti-cancer effects.
It has been reported that APS exhibits several therapeutic advantages in terms of increasing sensitivity to
chemo-therapeutics, reducing the side effects and complications associated with chemotherapy [12,15,20,21], and
improving patient quality of life and survival time[24]. In
addition, our present study reveals that APS can regulate
cytokine and P-GP expression levels. Thus, APS is a
promising candidate for therapeutics that exhibit a low
toxicity and few side effects.
In summary, APS was found to exert a synergistic
anti-tumor effect with Adriamycin in H22 tumor-bearing
mice in vivo. This may be related to its ability to enhance
the expression of IL-1α, IL-2, IL-6, and TNF-α, decrease IL-10, and down-regulate MDR1 mRNA and P-GP
expression levels.

APS, extracted and purified from Chinese medicinal herb Astragalus membranaceus roots, consist of several classes of neutral and acidic polysaccharides
and glycoproteins. APS has also been observed to possess anti-tumor and antivirus activities. Cytokine is a small protein released by cells and can exert a
specific effect on the interactions between cells, on communications between
cells or on the behavior of cells. P-GP is a plasma membrane protein which
acts as a localized drug transport, actively exporting drugs out of the cell.
Adjunct anticancer agents are a variety of medications that complement the
chemotherapy regimen, help alleviate side effects of the treatment or symptoms
of the cancer, or help potentiate the effect and activity of chemotherapy drugs.

Peer review

The manuscript reports on a possible adjunct anticancer effect of APS in tumorbearing mice, using an in vivo animal model. Data on tumor inhibition were provided, and its possible effects on cytokines, MDR1 mRNA and P-GP expression
were elucidated. APS may be a promising candidate for cancer therapeutics
that exhibits a low toxicity and few side effects.
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Establishment of an orthotopic transplantation tumor model
of hepatocellular carcinoma in mice
Gui-Jun Zhao, Li-Xia Xu, Eagle SH Chu, Ning Zhang, Jia-Yun Shen, Alatangaole Damirin, Xiao-Xing Li
cells stably expressing the luciferase gene were injected
into the subcutaneous region of nude mice. One week
later, the ectopic tumors were harvested and transplanted into the left liver lobe of nude mice. The AGS was
used to establish the nude mouse orthotopic implantation tumor model. The tumor suppressor gene, paired
box gene 5 (PAX5 ), which is a tumor suppressor in HCC,
was transfected into HCC cells to validate the model.
Tumor growth was measured by bioluminescence imaging technology. Semi-quantitative reverse transcription
polymerase chain reaction (RT-PCR) and histopathology
were used to confirm the tumorigenicity of the implanted tumor from the MHCC-97L cell line.
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RESULTS: We successfully developed an orthotopic
transplantation tumor model in nude mice with the use
of an AGS. The success rate of tumor transplantation
was improved from 60% in the control group to 100%
in the experimental group using AGS. The detection of
fluorescent signals showed that tumors grew in all live
nude mice. The mice were divided into 3 groups: AGS-,
AGS+/PAX5 - and AGS+/PAX5 +. Tumor size was significantly smaller in PAX5 transfected nude mice compared
to control mice (P < 0.0001). These fluorescent signal
results were consistent with observations made during
surgery. Pathologic examination further confirmed that
the tissues from the ectopic tumor were HCC. Results
from RT-PCR proved that the HCC originated from
MHCC-97L cells.
CONCLUSION: Using an AGS is a convenient and efficient way of establishing an indirect orthotopic liver
transplantation tumor model with a high success rate.

Abstract

© 2012 Baishideng. All rights reserved.

AIM: To improve the outcome of orthotopic transplantation in a mouse model, we used an absorbable gelatin sponge (AGS) in nude mice to establish an orthotopic implantation tumor model.

Key words: Hepatocellular carcinoma; Orthotopic transplantation tumor model; Absorbable gelatin sponge;
Nude mice; Bioluminescence imaging

METHODS: MHCC-97L hepatocellular carcinoma (HCC)
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expressing the luciferase gene were constructed.
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University Bologna, Unita Operat Radiol Malpighi, Policlin St
Orsola Malpighi, Via Albertoni 15, I-40138 Bologna, Italy

PAX5 expression plasmid construction and transfection
Complementary DNA corresponding to full-length PAX5
was obtained by reverse transcription-polymerase chain reaction (RT-PCR) amplification of normal human stomach
cDNA with primers specific to PAX5. The PCR aliquots
were subcloned into the mammalian expression vector
pcDNA3.1-TOPO TA (Life Technologies)[11]. Either pcDNA3.1 or pcDNA3.1-PAX5 was transfected into MHCC97L cells using Lipofectamine 2000 (Life Technologies).
Positive clones were selected in DMEM supplemented
with G418 at a concentration of 500 μg/mL.

Zhao GJ, Xu LX, Chu ESH, Zhang N, Shen JY, Damirin A, Li
XX. Establishment of an orthotopic transplantation tumor model
of hepatocellular carcinoma in mice. World J Gastroenterol 2012;
18(47): 7087-7092 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i47/7087.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i47.7087

Animal model
MHCC97L cells (1 × 107 cells in 0.1 mL PBS) transfected
with PAX5 or pcDNA3.1 were subcutaneously injected
into the dorsal left flank of 4-wk-old male Balb/c nude
mice (1/group); the body weight of all mice was between
12 and 15 g. Six-week-old athymic male Balb/c nude
mice weighing 16-18 g were used for xenograft tumor
transplantation. The nude mice were obtained from the
Chinese University of Hong Kong Laboratory Animal
Service Center and maintained under specific pathogen
free (SPF) conditions. All experimental procedures were
approved by the Animal Ethics Committee of the Chinese University of Hong Kong.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common types of malignant tumors[1-3]. Thus, establishing appropriate animal models is critical to promote our
understanding of the molecular, cellular and pathophysiological mechanisms of HCC, and is essential for the development of new therapeutic strategies. Most HCC patients are diagnosed at an advanced stage when available
treatments are ineffective. The ideal HCC animal model
should display similarities to the human disease and accurately recapitulate the disease with a high success rate[4].
Currently, the most commonly employed models of
HCC are xenograft models, including subcutaneous and
orthotopic transplantation in nude mice[5-9]. Orthotopic
transplantation of liver tumors allows the development
of tumor metastases and provides relevant sites for hosttumor interaction and a microenvironment. Although
this method is well accepted, its use is still quite limited.
This is because construction of the model is complex,
and a high level of technical skill is required. This model
would be more popular if the surgical procedure could
be simplified.
The goal of this study was to investigate the value of
using an absorbable gelatin sponge (AGS) in HCC orthotopic transplantation, compared with the routine procedure. Previous research has shown that paired box gene
5 (PAX5) acts as a tumor suppressor in the development
of HCC[10]. Therefore, in this experiment, we also overexpressed PAX5 in the xenograft tumor to validate the
efficiency of the liver orthotopic transplantation tumor
model in real time.

Establishment of an orthotopic transplantation tumor
model of HCC in nude mice
An orthotopic HCC mouse model was established to
determine intrahepatic tumorigenicity. Subcutaneous tumors were harvested when they reached 1 cm in diameter
and were cut into pieces under aseptic conditions. After
washing with PBS, the tumors were rinsed in DMEM.
Only intact pieces were chosen for further study. After removing thanatosis tissues, the tumors were cut into cubes
1 mm3 in size. One piece was then implanted into the
left liver lobe of each mouse. The mice were divided into
3 groups. The ten mice in group Ⅰ were operated without an AGS. The wounds were sutured using VICRYL
Plus Suture 5-O (Ethicon Inc, Somerville, NJ, United
States) Absorbable gelatin sponges were used in groups
Ⅱ and Ⅲ. The mice in groups Ⅱ (n = 6) and Ⅲ (n = 6)
underwent tumor transplantation with or without PAX5
expression. Intraperitoneal anesthesia was administered
using 20 g/L pentobarbital sodium at 0.04 mL per gram
body weight. Once anesthetized, the mice were fixed on
an experiment board in the supine position. After sterilizing with 70% alcohol, a 2 mm transverse incision was
made below the xiphoid, which was perpendicular to the
median line and was 1-1.5 cm long. The left liver lobes
were carefully pulled out of the abdominal cavity with a
sterile cotton swab. A 0.2 cm incision was made in Glisson’s capsule to serve as the transplantation site. The tumor tissue mentioned above was transplanted into recipient mouse livers using extra-fine forceps.
In group Ⅰ, a routine procedure was carried out to

MATERIALS AND METHODS
Cell line
The human hepatocellular carcinoma cell line MHCC97L
(a kind gift from the Liver Cancer Institute, Fudan University) was used in this study. Cells were maintained in
Dulbecco’s modified Eagle’s medium (DMEM, Gibco
BRL, Rockville, MD, United States) with 10% fetal bovine serum (Life Technologies, Carlsbad, CA, United
States), 100 mg/mL penicillin G, and 50 μg/mL streptomycin (Life Technologies) at 37 ℃ in a humidified
atmosphere containing 5% CO2. MHCC97L cells stably
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Histologic evaluation
Formalin-fixed tumor was embedded in paraffin, and 4
μm sections were cut and stained with hematoxylin and
eosin (HE) as previously described[12].

suture the incision in the liver and stop bleeding, and
homoeostasis was achieved by compression. In group
Ⅱ and group Ⅲ, in addition to compression, the transplantation site was further covered by a 5 mm × 5 mm
× 1.5 mm AGS (Nanjing Jinglin Biopharming Co. Ltd.,
Nanjing, Jiangsu, China). The liver was placed back into
the enterocoelia using a sterile cotton swab, and shifting
of the AGS was not allowed. If neither bleeding nor tumor tissue leakage occurred, then the skin was sterilized
with 70% alcohol and the wound sutured with a Plus
5-0 suture line. The average operation time was 10 min.
Following surgery, the mice were kept warm using a heat
lamp and allowed to recover. The recovery period was
reduced from 30 ± 5 min to 20 ± 5 min at room temperature. Following recovery, the mice were put back into
their cages and raised under SPF conditions. All mice had
free access to sterilized food and autoclaved water. We
inspected the living conditions of the mice daily.

Statistical analysis
Data were presented as mean ± SD. A repeated measures
analysis of variance was used to compare the differences
between groups. All analyses were performed using SPSS
software (version 13.0, Chicago, IL, United States). Statistical significance was accepted at the level of P < 0.05.

RESULTS
One day after surgery, only six of ten mice in group
Ⅰ (without AGS) were alive after transplantation. The
survival rate using the routine suture method was only
60%. In contrast, all mice in groups Ⅱ and Ⅲ were alive
and recovered well. From the 7th day after surgery, the
nude mice were scanned in the Xenogen IVIS 100 imaging system for a total of 3 wk. Fluorescence signals
showed that transplanted tumors grew in all nude mice
(Figure 1).
The fluorescence signal intensity was related to tumor
size. The signal intensity steadily increased from the second week to the fourth week. Tumor size was significantly smaller in the PAX5-transfected nude mice from group
Ⅲ compared to the vector control mice from group Ⅱ
(P < 0.0001) (Figure 2). This indicated that PAX5 gene
expression inhibited tumor growth in nude mice (Figure
3). The area around the tumor and the surrounding tissues was euangiotic, and adjacent organs were strongly
adhered.
HE staining further confirmed tumorigenesis of the
liver tissue (Figure 4). Tumor tissue characteristics included atypia, big core, dark color, different cell size, irregular
form, and nuclear division. Many of these characteristics
were similar to those of the original cancer cells.
RT-PCR results showed that no PAX5 expression was
observed in the tissue from group Ⅱ, and all the tissues
from group Ⅲ had a high PAX5 mRNA level. This demonstrated that the HCC cells originated from MHCC-97L
cells transfected with or without the PAX5 expression
plasmid (Figure 5), and the orthotopic liver tumor model
was successfully established. We did not detect any intrahepatic or abdominal metastases.

Mouse tumor bioluminescence imaging
For bioluminescence imaging, the animals were injected
with the luciferase substrate D-luciferin at a dose of 150
mg/kg in 0.2 mL sterile isotonic saline.
Liver tumor growth rates were monitored using the
Xenogen International Veterinary Information Service
(IVIS) imaging system every week for 3 wk. All images
were obtained after intraperitoneal injection of luciferin
(100 mg/kg body weight; Synchem, Elk Grove Village,
IL, United States). Ten minutes after injection of luciferin,
nude mice were placed onto the Xenogen IVIS 200 imaging stage and were continuously sedated during image
acquisition. Image analysis and bioluminescence quantification were performed using Living Image software (Caliper Life Sciences, Hopkinton, MA, United States). Once
imaging was complete, each animal was removed from the
Xenogen IVIS 200 imaging stage, placed on a heated platform in its original cage and allowed to recover. After the
animals had fully recovered from the anesthesia, they were
returned to the specific investigator.
After 3 wk, the mice were sacrificed. Following tumor
excision from the euthanized mice, tumor weights were
measured the same day. A portion of the tumor tissue
was fixed in 10% formalin for subsequent histological
examination, and the remaining tissue was snap-frozen in
liquid nitrogen and stored at -70 ℃ for molecular studies.
Semi-quantitative RT-PCR
Total RNA was extracted from tissues using QIAzol reagent (Qiagen, Valencia, CA, United States). cDNA was
synthesized from 2 μg total RNA using Transcriptor Reverse Transcriptase (Roche Applied Sciences, Indianapolis, IN, United States). Semi-quantitative RT-PCR analyses
were performed using PAX5 forward primer 5’-GTCCATTCCATCAAGTCCTG-3’ and PAX5 reverse
primer 5’-TTGCTGACACAACCATGGCT-3’. b-actin
was used as an internal control for mRNA expression
(5’-GTCTTCCCCTCCATCGTG-3’ and 5’-AGGGTGAGGATGCCTCTCTT-3’).
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DISCUSSION
Currently, the most common way of producing liver
orthotopic tumor models is either by implantation of an
established subcutaneous tumor harvested from another
nude mouse, or by injecting tumor cells directly into the
liver[6,7]. Both strategies require surgery following liver
exposure. The tumor cell injection animal model is more
relevant to clinical practice; thus, it can be a useful research model for lymph node metastasis[13]. However, the
technical difficulty associated with this model is that it is
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Figure 2 Harvesting orthotopic liver transplantation tumors. Tumors were
harvested from the mice in groups Ⅱ and Ⅲ. Tumor size and weight in the
paired box gene 5 (PAX5) group were smaller than those in the control group (P
< 0.0001).
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Figure 3 Tumor growth curve determined by the International Veterinary
Information Service system. The P value was calculated using repeated measures analysis of variance. PAX5: Paired box gene 5.

ROI 2-9.930e + 08

a long time. This is one of the reasons why the mice in
group Ⅰ had a high mortality rate. If post-operative hemorrhage occurred, the mice would probably die, leading
to failure of the long-term experiment. Thus the efforts
to obtain the cell culture, establish a subcutaneous tumor
and orthotopic tumor implantation would be in vain. An
alternative method of achieving homeostasis is by suturing Glisson’s capsule at the transplantation site. However,
the mouse liver has an abundant blood supply, and the
tissue is fragile and easily crushed. The method is further
complicated by the possibility of bleeding at the suture
site. Therefore, not many laboratory staff are capable
of performing this procedure. To circumvent these difficulties, we used the AGS. The AGS is commonly used
in surgery to stop minor bleeding at the surgical site. It
is an aseptic solid material that has good deformability.
In our experiment, covering the transplantation site with
an AGS was an easy and effective way of maintaining
homeostasis. The sponge was slowly absorbed and the
cost was minimal. In addition, the sponge prevented the
implanted tumor from moving out of the host’s liver,
increasing the success rate of the experiment. This procedure was safe, and none of the nude mice experienced
post-operative complications or mortality, compared
with the high post-operative mortality of 40% in group
I. Importantly, adverse reactions to the sponge were not
observed in normal tissues, as evaluated by HE staining.
The gelatin was gradually absorbed and was absent when
the mice were sacrificed.

Group Ⅲ

Figure 1 Representative images of fluorescence signals in nude mice
detected by the International Veterinary Information Service system. The
fluorescence signal intensity shows xenograft tumor size.

hard to control tumor cell leakage during injection. Analyses are complicated by the fact that apparent metastasis
may just be due to leakiness.
In the second method, the goal is to establish a subcutaneous model of human HCC in nude mice, and then
to inoculate the liver in order to establish the orthotopic
transplantation model. The principle is to make the HCC
cells adapt to the environment and grow into tumor tissues, then implant the tumor into the host’s liver. Thus,
the survival rate of the transplanted tumor is supposed to
increase.
Compared with subcutaneous and intraperitoneal
xenografts in nude mice, the properties of invasion and
metastasis in the orthotopic liver tumor model are better[14-16]. Use of this model is limited due to the need for
a highly complex surgical technique, especially in bleeding control. Routine surgery using incision suture takes
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A

B

Figure 4 Liver tissues from nude mice were detected by hematoxylin and eosin staining. A: Liver tumor, × 200; B: Normal liver, × 200.
MHCC97L-vector

with each method. Frequent laparotomy may cause severe injury and death in mice. CT/MRI/PET-CT scanning is non-invasive, but the cost is high and is difficult
to perform[20-23]. Ultrasonic examination is less expensive,
but analysis of the data requires a skilled operator[24-26].
Finally, only some of the above-mentioned methods are
quantitative.
Using the IVIS imaging system, bioluminescence was
non-invasively measured in transplanted subcutaneous
tumors using the IVIS imaging system (Xenogen Corp,
Alameda, CA, United States) following injection of the
luciferase substrate luciferin. Tumor growth was continuously monitored. According to the bioluminescence data,
tumor growth conditions were analyzed in real time. The
results showed successful tumor transplantation. Histopathology and PCR analyses showed that the transplanted
tumor had the same phenotype as the liver tumor cell line
MHCC-97L. Thus, the orthotopic transplantation tumor
model was successfully established from the subcutaneous model of human HCC.
Based on our procedure, this operation has been simplified and can be completed in a very short period of
time. The success rate is high, and reproducibility is good.
Importantly, the model maintained the characteristics of
the original cell line. Inspections were quantified in real
time, and the model can be adapted for general use.

MHCC97L-PAX5

PAX5

β-actin

Figure 5 Gene expression of paired box gene 5 in liver tumor tissues
of mice in situ which was detected by reverse transcription-polymerase
chain reaction. The expression of β-actin which acted as the internal control
was determined. PAX5: Paired box gene 5.

The horizontal incision made during the operation
should neither be too low nor too small. The optimal
incision should be as small as possible to fully expose the
left liver lobe. If it is too small, the liver could be crushed
when pulled out, or there may not be enough space to
place the AGS into the abdominal cavity. The size of
the sponge should be appropriate-5 mm × 5 mm × 1.5
mm, enough to efficiently stop bleeding and be easily absorbed.
It should be noted that although we observed a high
post-operative mortality in group Ⅰ, all mice achieved
homeostasis before closure of the abdominal cavity. One
of the reasons for this high mortality may have been due
to the fast post-operative recovery and frequent activities
caused by pain. Administration of post-operative analgesics may reduce pain, thus might lead to a higher survival
rate[17-19]. However, analgesics were not administered in
this study. We would also like to point out that in models
established by the direct injection of cultured human
HCC cells, an AGS may not prevent leakage. In such
models, HCC cells are suspended in medium rather than
forming a solid tumor. The sponge is hygroscopic, thus,
if leakage occurs, the sponge would only aggravate the
leak.
Post-operative evaluation of orthotopic tumors is
also a challenge. Monitoring subcutaneous liver transplantation tumors may be performed either by touch or by
visual inspection. Orthotopic tumors can be monitored
by laparotomy, computed tomography (CT)/magnetic
resonance imaging (MRI)/positron emission tomography
(PET)-CT scanning, or using a high frequency ultrasound
mini-probe. However, there are drawbacks associated
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Background

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors
and is the third leading cause of cancer-related death. The establishment of
appropriate animal models of this disease could help people to understand the
mechanisms driving HCC, leading to potential therapeutics and improvements
in patient survival. An absorbable gelatin sponge was used as an efficient way
of establishing an indirect orthotopic liver transplantation tumor model with a
high success rate.

Research frontiers

It is reported that the conventional surgical method involves the liver capsule
being sutured using microsurgery. Compared with the microsurgical method,
the authors used an absorbable gelatin sponge which prevented bleeding and
tissues being crushed during the experiment.

Innovations and breakthroughs

This is the first report on the use of an absorbable gelatin sponge to cover
the transplantation site in the liver capsule. This experiment showed that the
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absorbable gelatin sponge can be used to constrict the liver and stop bleeding,
and to efficiently cover tumor tissue, thus, avoiding the tumor tissue moving out
of the placement site.

Applications

Using the absorbable gelatin sponge to establish the HCC model is a convenient method for researchers to study HCC. The establishment of an animal
model could provide a new way to perform more successful, convenient and
efficient experiments.
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Terminology
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Peer review
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An absorbable gelatin sponge is a sterile, absorbable, water-insoluble, gelatinbase material which absorbs blood and provides an area for clot formation, and
is used for hemostasis during surgery.
Authors found a new technique to do HCC animal model experiment. It is easy
to perform and has a high success rate. The study has been well conducted
and provided further validation.
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Associations between interleukin-1 polymorphisms and
gastric cancers among three ethnicities
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Guo-Yuan Li, Guo-Shuang Shen, Ming-Zhe Lin, Cun-Fang Shen, Cheng-Zhu Cao
Carriers of the IL-1B 2/L genotype had an increased
risk of both intestinal and diffuse types of gastric cancer (OR = 2.08, 2.31, P = 0.007, 0.016, respectively)
in the Hui ethnicity. In the Han population, carriers of
the IL-1B -31 CC, IL-1B -511CT, TT genotypes had increased risk of intestinal type gastric cancer (OR = 2.51,
2.74, 5.66, P = 0.005, 0.002, 0.000, respectively).
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Abstract
AIM: To investigate the associations between interleukin (IL)-1B and IL-1RN polymorphisms and gastric
cancers among the Tibet, Hui and Han ethnicities.
METHODS: Genomic DNA was extracted from peripheral blood of 210, 205, and 202 healthy volunteers
and from 155, 158, and 197 gastric cancer patients
from the Tibet, Hui, and Han populations, respectively.
Polymorphisms in IL-1B and IL-1RN were analyzed by
denaturing high-performance liquid chromatography.

INTRODUCTION
Gastric cancer (GC) is the second leading cause of cancer-related death worldwide, and approximately 42% of
these deaths occur in China[1,2]. Mortality of GC patients
in China is the highest in the world, especially in the
northwestern part of the country, which includes Qing-

RESULTS: Carriers of the IL-1B -31 CC genotype had
an increased risk of intestinal type gastric cancer [odds
ratio (OR) = 2.17, P = 0.037] in the Tibet ethnicity.
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hai province[3]. There are 56 different ethnicities living in
China. The Han ethnicity represents the major ethnicity
within Qinghai province, while the Tibet and Hui are
minority nationalities. The incidence of GC in the Tibet
and Hui populations is higher than that in the Han ethnicity. However, the study of minority ethnicities is not
advanced due to fewer individuals and poorer economic
conditions[4].
Interleukin (IL)-1B and IL-1RN belong to the IL-1
gene cluster. The IL-1 gene encodes both the glycoprotein
IL-1β, which is a pro-inflammatory cytokine, and the IL-1
receptor antagonist (IL-1Ra), which is an anti-inflammatory cytokine. IL-1B is a potent inhibitor of gastric acid
secretion and plays a major role in both initiating and amplifying the inflammatory response to Helicobacter pylori (H.
pylori) infection[5-7]. IL-1RN encodes the IL-1Ra, an antiinflammatory cytokine that competitively binds to IL-1
receptors and modulates the potentially damaging effects
of IL-1[7,8]. Two biallelic polymorphisms in the IL-1B gene
have been described, both C-T base transitions found at
positions-511 (C>T) and -31 (T>C) bp from the translation initiation codon. IL-1RN has a variable number of
identical tandem repeats polymorphism of 86 bp in intron
2. To date, over 50 studies have reported on the association between IL-1B and IL-1RN polymorphisms and GC
risk[5]. While some studies have reported that IL-1B and
IL-1RN polymorphisms are associated with increased GC
risk in both Caucasians and Asians[5,6,9,10], other studies
have shown inverse associations, especially in Asians[11,12].
Two studies chose a single ethnicity population in two
different regions with different prevalence rates of GC as
their subjects[10,13]. However, no study has examined several different ethnicities in a single geographical area at the
same time. Thus, our study is the first to report such an
examination.
Here, we investigated the associations between IL1B-31, IL-1B-511 and IL-1RN polymorphisms and GC
risk among the Tibet, Hui and Han ethnicities in the
Qinghai area of China.

subjects had a history of systemic lupus erythematosus,
diabetes mellitus, rheumatoid arthritis, or inflammatory
bowel disease. Subjects with a family history of any cancer were excluded. All patients were histologically confirmed as having noncardiac GC. Patients and controls
were interviewed with regard to smoking status. Individuals who smoked once a day for over 1 year were defined
as smokers. The presence of H. pylori infection in the sera
of patients and controls was measured using an enzymelinked immunosorbent assay (Anti-H. pylori enzyme immunoassay, Huamei Biotech Inc., China). This study was
approved by the Clinical Research Ethics Committee of
the Qinghai University of Medical Sciences, and all patients provided signed informed consent.
Analysis of the IL-1B-31, IL-1B-511 and IL1-RN
polymorphisms
Genomic DNA was isolated from 5 mL of venous blood
by the conventional proteinase K digestion and phenol/
chloroform extraction method. Polymorphisms were analyzed by polymerase chain reaction (PCR)-based denaturing high-performance liquid chromatography (DHPLC).
The corresponding primers have been by described by
Lu et al[14] and are shown together with the PCR conditions, PCR annealing temperatures and DHPLC detection
methods in Table 2. PCR was performed with a 25 mL
reaction mixture containing 100 ng of genomic DNA, 1.0
mmol/L of primer, 0.2 mmol/L of dNTP, 2.0 mmol/L
of MgCl2, and 1.0 U Taq DNA polymerase in 1× reaction
buffer (Promega, Madison, WI, United States). DHPLC
analysis was performed on a Transgenomic WAVE System. The detailed genotyping process has been previously
described[14]. The PCR products were applied to the DHPLC column at an optimal oven temperature and eluted
with a linear acetonitrile gradient at a flow rate of 0.9
mL/min (Figure 1A). The genotypes identified by DHPLC analysis were further confirmed by DNA sequencing
using the ABI Prism 377 DNA Sequencer. The sizes of
IL-1RN PCR products were analyzed by DHPLC based
on the relationship between elution time and base pair
number of the fragment (Figure 1B).

MATERIALS AND METHODS
Study subjects
Three ethnicities (Tibet, Hui and Han) from the Qinghai
province of China were included in this study. Healthy
controls included 210 Tibet, 205 Hui and 202 Han individuals who were enrolled from the Hainan Tibet Ethnicity Autonomous Prefecture, Minhe Hui Ethnicity Autonomous County, and Xining city in Qinghai province,
respectively. Between December 2008 and October 2011,
155, 158 and 197 Tibet, Hui and Han individuals, respectively, with GC were enrolled from the Affiliated Hospital of Qinghai University. All recruited healthy controls
were from families that had lived for a long time in that
locality, did not marry other ethnicities for at least three
generations, and were not related to each other. Both
the age and sex of the healthy controls were matched
to the patients and are shown in Table 1. None of these
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H. pylori antibody assays
Enzyme-linked immunosorbent assay for detection of
H. pylori was performed according to the manufacturer’s
instructions. After termination of the enzyme reaction,
the absorbance at 630 nm was measured. Absorbance
ratios (sample/negative control) equal to or greater than
2.1 were considered positive, and those below 2.1 were
considered negative.
Statistical analysis
The data were analyzed using SPSS software (Version
13.0, SPSS, Chicago, IL, United States). The significance
of the difference in the distribution of the polymorphisms among the different groups was calculated using
the χ 2 test. All allelic distributions were examined for
deviations from their corresponding Hardy-Weinberg
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Table 1 Primer sequences, polymerase chain reaction and denaturing high-performance liquid chromatography conditions for detection of gene polymorphisms
Gene

Primer sequence

PCR annealing temperature (℃) PCR product size (bp) DHPLC application type Oven temperature (℃)

IL-1B-31

F: AGAAGCTTCCACCAATACTC
R: AGCACCTAGTTGTAAGGAAG
IL-1B-511 F: TGGCATTGATCTGGTTCATC
R: GTTTAGGAATCTTCCCACTT
IL-1 RN F: CCCCTCGAGCAACATCC
R: GGTCAGAAGGGCAGAGA

60

240

Mutation

59

58.5

306

Mutation

60.5

59

270-442

VNTR

50.0

DHPLC: Denaturing high-performance liquid chromatography; VNTR: Variable number of identical tandem repeats; PCR: Polymerase chain reaction; IL:
Interleukin.

Table 2 Selective characteristics and risk factors in patients with gastric cancer and controls from the Tibet, Hui and Han ethnicities n (%)
Tibet
Variable

Cases
(n = 155)

Controls
(n = 210)

Age, yr

3 (1.94)
82 (52.90)
70 (45.16)
116 (74.84)
39 (25.16)
99 (63.87)
56 (36.13)
101 (65.16)
54 (34.84)

5 (2.38)
110 (52.38)
95 (45.24)
154 (73.33)
56 (26.67)
135 (64.29)
75 (35.71)
112 (53.33)
98 (46.67)

< 35
35-60
≥ 60
Gender
Male
Female
Smoking Yes
No
Hp
Positive
Negative

Hui

χ2

P value

0.006
0.010
0.000
0.105

0.940
0.921
0.988
0.746

0.007

0.935

5.134

0.023

Cases
(n = 158)

Controls
(n = 205)

2 (1.27)
75 (47.46)
81 (51.27)
116 (73.42)
42 (26.58)
28 (17.71)
130 (82.29)
100 (63.29)
58 (36.71)

2 (0.980)
102 (49.76)
101 (49.24)
148 (71.20)
57 (28.80)
40 (19.51)
165 (80.49)
95 (46.34)
110 (53.66)

B
10
Absorbance (mV)

Absorbance (mV)

A

Han

χ2

P value

0.069
0.187
0.142
0.067

0.793
0.665
0.706
0.795

0.188

0.665

10.311

0.001

Cases
(n = 197)

Controls
(n = 202)

5 (2.54)
98 (49.75)
94 (47.71)
146 (74.62)
50 (25.38)
131 (66.50)
66 (33.50)
124 (62.94)
73 (37.06)

5 (2.48)
106 (52.48)
91 (45.04)
151 (74.75)
51 (25.25)
129 (63.86)
73 (36.14)
105 (51.98)
97 (48.02)

χ2

P value

0.602
0.297
0.285
0.003

0.437
0.586
0.593
0.952

0.200

0.655

4.903

0.027

40

30
L/L
20
2/2
10

0
1

2

3

4

5

6

t /min

2/L
0
1

2

3

4

5

6 t /min

Figure 1 Typical denaturing high-performance liquid chromatography elution profiles for different genotypes. A: Representative denaturing high-performance
liquid chromatography (DHPLC) profiles for different allelic polymerase chain reaction products containing the interleukin-1B (IL-1B)-311 C/T polymorphism site. In the
first DHPLC, the CT genotype (lower panel) was discriminated from homozygous (upper panel). To determine the CC or TT genotype, the second DHPLC was run for
the homozygous DNA mixed with a DNA sample known as the CC genotype. The profile of the CC genotype was unaltered, while that of the TT genotype changed
into the same as the lower panel; B: DHPLC elution profiles of IL-1RN and IL-1RN variable number of identical tandem repeats were determined by elution time and
base pair number of the fragment.

smoking status, and H. pylori infection in the GC patients
and control subjects are shown in Table 1. There were
no statistically significant differences between the cases
and controls with regard to age, sex, and smoking status
in each ethnicity group. However, H. pylori infection was
significantly higher in the cases compared to the controls (P = 0.023, 0.001 and 0.027, respectively) in each
ethnicity group. The genotype frequencies of IL-1B-31,
IL-1B-511 and IL-1RN in the controls in each ethnicity
group were in agreement with the Hardy-Weinberg equilibrium (P > 0.05 for all).

equilibrium. Multivariate logistic regression was used to
obtain odds ratios (ORs) and 95%CI, adjusting for age,
sex, smoking status and H. pylori infection. P < 0.05 (twotailed) was considered statistically significant.

RESULTS
Clinical characteristics
The study population consisted of 210, 205 and 202
healthy controls and 155, 158 and 197 GC patients from
the Tibet, Hui and Han ethnicities, respectively. Age, sex,
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Table 3 Genotype distributions of interleukin-1B -31, interleukin-1B -511 and interleukin-1RN gene polymorphisms among gastric
cancer cases and controls from the Tibet, Hui and Han ethnicities n (%)

Genotype

Tibet
Cases

IL-1B-31
TT
23 (14.84)
CT
81 (52.26)
CC
51 (32.90)
IL-1B-511
CC
34 (21.94)
CT
80 (51.61)
TT
41 (26.45)
IL-1RN
L/L
129 (83.22)
2/L
26 (16.78)

Hui
1

Controls OR (95%CI) P value

Cases

Han
1

Controls OR (95%CI) P value

Cases

1

Controls OR (95%CI) P value

47 (22.38) 1
112 (53.33) 1.47 (0.81-2.66) 0.208
51 (24.29) 2.10 (1.09-4.04) 0.027

46 (29.11) 59 (28.78) 1
40 (20.30)
79 (50.00) 105 (51.22) 0.97 (0.58-1.62) 0.896 102 (51.77)
33 (20.89) 41 (20.00) 1.03 (0.55-1.95) 0.919 55 (27.92)

65 (32.18) 1
98 (48.52) 1.69 (1.03-2.76)
39 (19.31) 2.29 (1.28-4.10)

0.036
0.005

55 (26.19) 1
93 (44.29) 1.37 (0.80-2.35) 0.210
62 (29.52) 1.02 (0.56-1.86) 0.945

33 (20.89) 43 (20.98) 1
31 (15.74)
88 (55.70) 110 (53.66) 1.04 (0.59-1.83) 0.888 101 (51.27)
37 (23.41) 52 (25.37) 0.96 (0.50-1.84) 0.891 65 (32.99)

65 (32.17) 1
99 (49.09) 2.16 (1.28-3.65)
38 (18.81) 3.53 (1.49-8.33)

0.004
0.004

94 (59.49) 156 (76.10) 1
166 (84.26) 171 (84.66) 1
64 (40.50) 49 (23.90) 2.11 (1.31-3.40) 0.002 31 (15.28) 31 (14.44) 1.03 (0.59-1.79)

0.924

185 (88.10) 1
25 (11.90) 1.50 (0.80-2.79) 0.206

1

Adjusted for age, sex, smoking status and Helicobacter pylori infection. IL: Interleukin; OR: Odds ratio.

IL-1B-31, IL-1B-511 and IL-1RN polymorphisms and GC
risk
The frequencies of genotypes IL-1B-31, IL-1B-511 and
IL-1RN among the Tibet, Hui and Han ethnicities are
summarized in Table 3. In the Tibet ethnicity group, the
IL-1B-31 CC genotype was significantly more frequent in
GC patients (32.90%) compared with controls (24.29%)
(χ 2 = 4.98, P = 0.026). The risk of developing gastric
cancer with this genotype was significantly increased (adjusted OR = 2.10, 95%CI: 1.09-4.04, P = 0.027).
In the Hui nationality group, the IL-1RN L/2 genotype was significantly more frequent in GC patients
(40.50%) compared with controls (23.90%) (χ 2 = 11.47, P
= 0.001). The risk of developing GC with this genotype
was significantly increased (adjusted OR = 2.11, 95%CI:
1.31-3.40).
Unlike the results obtained for individuals belonging
to either the Tibet or Hui populations, two genotype sites
were associated with GC in the Han ethnicity. For the IL1B-31 CT genotype, there was a significant difference between GC patients (51.77%) and controls (48.52%) (χ 2 =
4.61, P = 0.032). There was also a significant difference in
the CC genotype between GC patients (27.92%) and controls (19.31) (χ 2 = 8.29, P = 0.004). The risk of developing
GC in patients with IL-1B-31CT or CC genotypes was
significantly increased (adjusted OR = 1.69, 2.29; 95%CI:
1.03-2.76, 1.28-4.10; P = 0.036, 0.005, respectively). In
addition, for the IL-1B-511 genotypes, there was a statistically significant difference in the CT genotype distribution
between GC patients (50.50%) and controls (49.09%) (χ 2
= 8.70, P = 0.003). Additionally, there was also a statistically significant difference in TT genotype distribution between GC patients (32.67%) and controls (18.81%) (χ 2 =
18.90, P = 0.000). The risk of developing GC in patients
with the IL-1B-511 CT or TT genotypes was significantly
increased (adjusted OR = 2.16, 3.53; 95%CI: 1.28-3.65,
1.49-8.33; P = 0.004, 0.004, respectively).

help the populations most at risk. Therefore, the prevalence of IL-1B-31, IL-1B-511 and IL-1RN polymorphisms in different GC subtypes were analyzed. In this
study, there were 109, 106 and 139 cases (70.32%, 67.09%
and 70.56%) of intestinal-type GC, and 46, 52 and 58
cases (29.68%, 32.91% and 29.44%) of diffuse or mixedtype GC in the Tibet, Hui and Han ethnicities, respectively. The frequencies of genotypes IL-1B-31, -511, and IL1RN among intestinal-type GC and diffuse or mixed-type
GC in all three populations are summarized in Table 4.
For individuals belonging to the Tibet ethnicity group,
the IL-1B-31 CC genotype was only associated with intestinal type GC (P = 0.037) with an adjusted OR of 2.17
(95%CI: 1.05-4.51).
In the Hui ethnicity group, the IL-1RN 2 genotype
was associated with both intestinal and diffuse types of
GC (P = 0.007, 0.016, respectively) with adjusted ORs of
2.08 and 2.31 (95%CI: 1.22-3.56, 1.17-4.56, respectively).
In the Han ethnicity group, the IL-1B-31 CC genotype was only associated with intestinal type GC (P =
0.005) with an adjusted OR of 2.51 (95%CI: 1.32-4.76).
However, compared to the TT genotype, the GC risk in
IL-1B-31 CT carriers did not achieve the threshold of
statistical significance (P = 0.067) with an adjusted OR of
1.68 (95%CI: 0.97-2.90). Moreover, both the IL-1B-511
CT and TT genotypes were only associated with intestinal
type GC (P = 0.002, 0.000) with adjusted ORs of 2.74
and 5.66 (95%CI: 1.44-5.22, 2.82-11.33, respectively).
No other significant associations were found when
GC patients were sorted according to age, sex, and presence of H. pylori infection (data not shown).

DISCUSSION
Like many other malignancies, GC develops as a result
of complex interactions between environmental risk
factors (e.g., unhealthy lifestyle, smoking, uncontrolled
over-drinking, unhealthy diet, and H. pylori infection) and
genetic alterations[15]. This gene-environment interaction
can alter gene expression and promote cell growth and
carcinogenesis. The IL-1B and IL-1RN polymorphisms

IL-1B-31, IL-1B-511 and IL-1RN polymorphisms and
intestinal type GC risk
The identification of a genetic risk outline for GC could
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Cases

1

1

1

1

Cases

1

Adjusted for age, sex, smoking status and Helicobacter pylori infection. IL: Interleukin; OR: Odds ratio.

Han
Cases

1

0.807

50 (86.21) 1
8 (13.79) 1.02 (0.43-2.39)

65 (32.17) 16 (11.51) 1
15 (25.86) 1
99 (49.09) 69 (49.64) 2.74 (1.44-5.22) 0.002 32 (55.17) 1.45 (0.72-2.93)
38 (18.81) 54 (38.85) 5.66 (2.82-11.33) 0.000 11 (18.97) 1.23 (0.50-3.02)

0.971

0.301
0.645

0.126
0.126

OR (95%CI) P value

Diffuse cases

12 (20.69) 1
0.067 32 (55.17) 2.00 (0.82-4.88)
0.005 14 (24.14) 1.79 (0.85-3.77)

OR (95%CI) P value

65 (32.18) 28 (20.14) 1
98 (48.52) 70 (50.36) 1.68 (0.97-2.90)
39 (19.31) 41 (29.50) 2.51 (1.32-4.76)

OR (95%CI) P value Controls

30 (57.69) 1
171 (84.66) 116 (83.45) 1
0.007 22 (42.31) 2.31 (1.17-4.56) 0.016 31 (14.44) 23 (16.55) 1.09 (0.59-1.97)

Cases

Intestinal cases

36 (84.78) 1
156 (76.10) 64 (60.38) 1
0.439 10 (16.78) 1.87 (0.79-4.43) 0.158 49 (23.90) 42 (39.62) 2.08 (1.22-3.56)

OR (95%CI) P value

Diffuse cases

10 (19.23) 1
0.998 30 (57.69) 1.13 (0.48-2.62) 0.784
0.811 12 (23.08) 0.92 (0.34-2.50) 0.872

Cases

Hui

12 (25.53) 1
43 (20.98) 23 (21.70) 1
0.277 26 (55.32) 1.28 (0.59-2.79) 0.535 110 (53.66) 58 (54.72) 1.00 (0.53-1.89)
0.518 9 (19.15) 0.62 (0.24-1.63) 0.336 52 (25.37) 25 (23.58) 0.91 (0.43-1.92)

OR (95%CI) P value Controls

Intestinal cases

13 (25.00) 1
0.618 28 (53.85) 1.11 (0.51-2.39) 0.792
0.845 11 (21.15) 1.18 (0.46-3.01) 0.734

Cases

Diffuse cases

7 (15.22) 1
59 (28.78) 33 (32.29) 1
0.271 25 (54.35) 1.48 (0.59-3.70) 0.407 105 (51.22) 51 (48.11) 0.87 (0.49-1.54)
0.037 14 (30.43) 1.86 (0.68-5.09) 0.228 41 (20.00) 22 (21.28) 0.93 (0.46-1.90)

OR (95%CI) P value

Tibet

are implicated in cancer risk through their influences on IL-1B transcription.
Since El-Omar et al[5] reported that carriers of IL-1B-511 T or IL-1B-31 C were more susceptible to GC than other genotypes in 2000, other studies have reported on the associations between IL-1B and IL-1RN polymorphisms and GC risk in various populations but with mixed, or even conflicting results[6,7,10-14]. To date, at least four meta-analyses
on the associations between IL-1B and IL-1RN polymorphisms and GC have been reported, however, their outcomes were different and even opposite[16-19]. In fact, the genetic/
environmental interactions among different ethnic groups are quite complex. Thus, IL-1B and IL-1RN polymorphisms may play different roles in different populations or geographical areas.
Two studies have been performed to evaluate the differences in IL-1B and IL-1RN polymorphisms in patients of the same ethnicity - Chinese Han and Italian, respectively.
Zeng et al[10] found that the IL-1B-511 T/T genotype frequency was significantly higher in patients with GC than in control subjects (25.0% vs 12.5%, χ 2 = 6.7, P = 0.01) in the
low GC prevalence region (Guangdong), but was similar (23.0% vs 23.0%) in the high prevalence region (Shanxi). Perri et al[13] did not find any association between GC occurrence
and either IL-1B-511T or IL-1RN polymorphism when dividing the subjects between geographic areas displaying high prevalence rates (the North) or low prevalence rates (the
South) in Italy.
To the best of our knowledge, this is the first study to examine the associations between IL-1 polymorphisms and GC risk among several ethnicities in one area at the
same time. We examined these polymorphisms and their potential association with GC risk among the Tibet, Hui and Han ethnicities in the Qinghai area of China. We found
associations between IL-1B-511, IL-1B-31 and IL-1 RN polymorphisms and GC risk among Tibet, Hui and Han ethnicities in the Qinghai area, which were not identical.
In the Tibet ethnicity group, the IL-1B-31 CC genotype was associated with GC. Additionally, our study showed that the IL-1B-31 CC genotype was only associated with
intestinal type GC. Our results are consistent with those from several studies in Chinese and Caucasian populations, where IL-1B-31 CC polymorphisms were associated with
an increased risk of GC[10,20,21]. However, these results are inconsistent with those from other studies in Asian and Caucasian populations[14,22,23].
In the Hui ethnicity group, the IL-1RN2 was associated with GC, and further study supported that the IL-1RN2 polymorphism was associated with both intestinal
and diffuse types of GC. These findings were in agreement with those previously reported, including studies from Caucasian, Arab and Asian (including Chinese) populations[13,20,22,24]. However, our findings also differ from those reported in several other studies[14,25,26].
In the Han ethnicity group, the IL-1B-31 CT and CC genotypes and the IL-1B-511 CT and TT genotypes were associated with GC compared with the IL-1B-31 TT genotype

1

Controls

Intestinal cases

IL-1B-31
TT
47 (22.38) 16 (14.68) 1
CT
112 (53.33) 56 (51.38) 1.46 (0.75-2.84)
CC
51 (24.29) 37 (33.94) 2.17 (1.05-4.51)
IL-1B-511
CC
55 (26.19) 22 (20.18) 1
CT
93 (44.29) 54 (49.54) 1.48 (0.76-2.60)
TT
62 (29.52) 33 (30.28) 1.25 (0.64-2.42)
IL-1RN
L/L
185 (88.10) 93 (83.22) 1
2/L
25 (11.90) 16 (14.68) 1.32 (0.66-2.66)

Genetype

Table 4 Genotype distributions of the interleukin-1B-31, interleukin-1B-511 and interleukin-1RN polymorphisms among different subtypes of gastric cancer in patients from the Tibet, Hui and
Han ethnicities n (%)
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and the IL-1B-511 CC genotype, respectively. Moreover,
the IL-1B-31 CC genotype was also only associated with
intestinal type GC. Importantly, although IL-1B-31 CT
carriers displayed a trend in risk, they did not achieve the
threshold of statistical significance. The IL-1B-511 CT and
TT genotypes were only associated with intestinal type GC,
compared with the CC genotype. While this is the same
in Caucasian and Chinese populations[11,18,27,28], it differs
from the findings observed in South Korean and Japanese
populations in Asia[10,20]. This study also revealed that IL1RN polymorphisms were not associated with increased
risk of GC in the Han ethnicity group, which is similar to
that seen in Japanese and South Korean populations[20].
It is interesting and important that the IL-1B-31, IL1B-511 and IL-1RN polymorphisms and GC risk among
the three ethnicities examined were not identical. Other
studies have drawn similar conclusions. We believe that
the differences among the ethnicities are related to different inherited gene backgrounds. This is supported by
other studies which showed differential genetic/environmental interactions in different ethnic groups resulting in
altered gene expression and altered effects on cell growth
and tumorigenesis[29]. The gene distributions of IL-1B-31,
IL-1B-511 and IL-1RN among the Tibet, Hui and Han
ethnicities in Qinghai were different. Despite this, they
were at least somewhat related to other Asian populations. The IL-1B-31 TT genotype was less frequent in the
Tibet population (22.38%) than in the Han population
(32.18%). The IL-1B-511 TT genotype was more frequent in the Tibet population (29.52%) than in the Han
population (18.81%). The IL-1B-511 TT genotype was
significantly lower in the Hui population (20.98%) than in
the Han population (32.17%). In addition, the IL-1RN L
was significantly lower in the Hui (76.10%) population
compared to both the Tibet population (88.10%) and
the Han population (84.66%). Ethnic origin is a crucial
determinant of the frequency of genetic markers in all
populations. Our data may reflect the influence of past
selective pressures on the genotypes of Tibet, Hui and
Han ethnicities over a long period of time. Han, Tibet
and Hui ethnicities have different origins. The Han
population is the major ethnicity, while the Tibet and Hui
ethnicities are considered to be minorities in the Qinghai
province of China. The selected healthy controls of the
Tibet ethnicity were living in the Hainan Tibet Ethnicity Autonomous prefecture in Qinghai province, which
belongs to the Tibet Anduo area. Shi et al[30] studied more
than 5000 male samples from 73 East Asian populations
and reconstructed the phylogenetic geography of the
D-M174 lineage. The suggested frequency of D-M174
in Tibet (41.31%) was close to Japan (35.08%) but different from the Han ethnicity (< 5%). Thus, the Tibet
gene feature is more similar to the Han ethnicity, but also
has its own characteristics. The Hui ethnicity migrated
from Central Asia, Persia and the Arab world. Yao et al[31]
analyzed M*, N* and R* mtDNAs and found that the
western Eurasian specific haplogroup frequency in the
Hui population was 6.7%, but no western Eurasian type
was found in Han Chinese samples from the same place.
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Since both the Tibet and Hui ethnicities practice endogamy, they tend to be ethnically homogeneous. Therefore,
we believe that the Tibet, Hui, and Han ethnicities in the
Qinghai area of China have different origins leading to
different associations between IL-1B-31, IL-1B-511 and
IL-1RN polymorphisms and GC risk.
Our study has some limitations. First, we did not
consider education, consumption of alcohol, fresh fruits,
and vegetables in the controls which could influence GC
risk. Second, the altitude at which healthy controls lived
was not considered. In this study, all of the Tibet controls and most of the Tibet patients lived in the plateau
above 2800 meters of one another. For the Hui and Han
populations, all controls and most patients lived within
2200 meters of each other. Finally, different eating habits among the groups were not investigated.
In conclusion, the present study shows different associations between the IL-1B-31, IL-1B-511 and IL-1RN
polymorphisms and GC among the Tibet, Hui and Han
ethnicities in the Qinghai area of China. No significant
association was observed when GC patients were sorted
by age, sex and the presence of H. pylori infection.

COMMENTS
COMMENTS
Background

Studies suggest that polymorphisms in interleukin (IL)-1B and IL-1RN are associated with a differential risk of developing gastric cancer. However, there does
not seem to be a consensus regarding these polymorphisms, since in some
populations the polymorphisms are associated with increased disease occurrence, whereas in other populations, they are associated with a protective effect.

Research frontiers

There is no consensus regarding the associations between IL-1B, IL-RN polymorphisms and gastric cancers in different areas or ethnicities. The authors
investigated the associations between IL-1B and IL-1RN polymorphisms and
gastric cancers among the Tibet, Hui and Han ethnicities in China.

Innovations and breakthroughs

The outcomes of previous studies on the associations between IL-1B and IL1RN polymorphisms and gastric cancer were different and even opposite. The
genetic/environmental interactions among different ethnic groups are quite complex. Thus, IL-1B and IL-1RN polymorphisms may play different roles in different populations or geographical areas. This study suggests that carriers of the
IL-1B-31 CC genotype had an increased risk of intestinal type gastric cancer in
the Tibet ethnicity, carriers of the IL-1B 2/L genotype had an increased risk of
both intestinal and diffuse types of gastric cancer in the Hui ethnicity, while carriers of the IL-1B-31 CC, IL-1B-511 CT, TT genotypes have an increased risk of
intestinal type gastric cancer in the Han population.

Applications

The study results suggest that IL-1B and IL-RN genotypes may differentially
contribute to gastric cancer among the Tibet, Hui and Han nationalities in the
Qinghai area of China, and that IL-1B and IL-1RN polymorphisms may play different roles in different populations or geographical areas.

Terminology

Single nucleotide polymorphisms (SNPs) are short polymorphisms in the human
DNA. SNPs occur once in every 300 nucleotides on average and can act as biological markers. When SNPs occur within a gene or in a regulatory region near a
gene, they may play a more direct role in disease by affecting the gene’s function.
SNPs can also be used to track the inheritance of disease genes within families.
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This is a good descriptive study in which authors investigated IL-1B and IL-1RN
polymorphisms in Han, Tibetan and Hui ethnic populations in Qinghai Province
of China and their associations with gastric cancer risk in these populations.
The topic is interesting and of potential clinical implications.
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INTRODUCTION

Abstract

Inflammatory myofibroblastic tumor (IMT) is a rare softtissue tumor with a clinical resemblance to malignant
neoplasm[1]. It is an unusual solid tumor commonly seen
in children and young adults, and can occur at any site in
the body, the lung being the most common site[2]. Extrapulmonary IMTs account for 5% of all IMTs and retroperitoneal IMTs are relatively rare[3]. The retroperitoneum
is an unusual site of presentation in these rare tumors,
which share the neoplastic characteristics of aggressive
local tissue infiltration, recurrence after resection, and
occasionally distant metastasis[2,4]. Due to disease progression, lack of alternative therapeutic regimens, recurrence
and poor prognosis, almost all patients with IMT have
been treated with radical surgical resection or single nonsteroidal anti-inflammatory drugs. Herein, we present a
patient with a retroperitoneal IMT, who was successfully
treated with chemotherapy and oral diclofenac sodium.

Inflammatory myofibroblastic tumor (IMT) occurring at
retroperitoneal sites has rarely been reported. We report the case of a previously well 14-year-old girl with
no history of abdominal disease whose past medical
history and family tumor history were unremarkable.
She complained of intermittent abdominal pain for one
month. An abdominal mass was found on physical examination and abdominal contrast-enhanced computed
tomography (CT) showed a hypodense soft mass, the
size and location of which suggested a well delineated
retroperitoneal tumor surrounding the superior mesenteric vessels measuring 3.3 cm × 4.5 cm × 4.5 cm with
enlarged lymph nodes. The patient underwent an exploratory laparotomy followed by biopsy and was subsequently diagnosed with retroperitoneal IMT. She was
successfully treated with postoperative chemotherapy
and oral diclofenac sodium. Following completion of
therapy the mass was no longer palpable and no longer visible on CT scanning. The use of methotrexate
and cisplatin for aggressive myofibroblastic tumors is
also reviewed.
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A

B

Figure 1 Photograph of abdominal computer tomography. A: The complex soft tissue involved including the mesenteric vessels (arrow); B: Disappearance of the
mass.

A

B

Figure 2 Photomicrograph of the tumor cells. A: A proliferation of spindle tumor cells (hematoxylin and eosin stain, × 200); B: Positivity for smooth muscle actin (×
200).

2009 with the chief complaint of intermittent abdominal pain for one month. She experienced intermittent
abdominal pain without bloating every two days and all
symptoms were in remission after she buckled both legs,
however, the pain returned a few minutes later. The patient did not have symptoms of fever, nausea, vomiting,
weight loss, bowel obstruction or other discomfort and
she did not receive treatment to relieve these symptoms
prior to admission. This 14-year-old girl was previously well with no history of abdominal disease, and
her past medical history and family tumor history were
unremarkable. Physical examinations showed a 7 cm
abdominal mass in the right side of the umbilicus, which
was hard, without tenderness and firm but mobile on
palpation. Blood count analysis and tumor markers such
as carcinoembryonic antigen and CA19-9 were negative.
Abdominal contrast-enhanced computed tomography
showed a hypodense soft mass, the size and location of
which suggested a well delineated retroperitoneal tumor
surrounding the superior mesenteric vessels which measured 3.3 cm × 4.5 cm × 4.5 cm with enlargement of
the surrounding lymph nodes (Figure 1A). Given that
the preoperative diagnosis was unconfirmed and radical
surgery was the most efficient therapeutic option, after a
multidisciplinary discussion, an exploratory laparotomy

WJG|www.wjgnet.com

was performed. During the operation, a 10 cm round
solid mass was found at the root of the mesentery. The
tumor reached the uncinate process of the pancreas
and the horizontal section of the duodenum. Complete
excision of the mass was difficult, because the tumor
surrounded most of the superior mesenteric artery
branches. Therefore, biopsy of the mass was undertaken. Pathologic examination confirmed the diagnosis
of IMT with a proliferation of spindle cells and dense
polymorphic infiltration of mononuclear inflammatory
cells (Figure 2A). On immunohistochemical staining,
spindle cells were positive for vimentin, smooth muscle
actin (Figure 2B) and CD68, but negative for Cluster of
differentiation 34 (CD34), Cluster of differentiation 117
(CD117) and anaplastic lymphoma kinase-1 (ALK-1).
The postoperative course was uneventful and the
patient was discharged from the hospital without complications. Three weeks after surgery, the patient received
chemotherapy which consisted of 6 courses of middle
dose methotrexate (20 mg/m 2) and cisplatinum (30
mg/m2) administered once a month, associated with oral
administration of slow-release diclofenac sodium until
cessation of chemotherapy. The patient was re-examined
after completing chemotherapy; the mass was no longer
palpable and was no longer visible on (computer tomog-
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raphy) CT scanning (Figure 1B). Currently, the patient is
alive without recurrence after 3 years of follow-up.

even immunomodulation have not been reported to be
consistently effective against this aggressive tumor[12]. No
other efficient treatment regimens have been reported
for this tumor. Consequently, in patients with unresectable IMTs, treatment options are limited, and better recommendations have not been defined.
Nonsteroidal anti-inflammatory drugs (NSAIDs)
have been successful in the treatment of IMTs when
resectability is limited due to the tumor invading vital
structures[13]. Przkora et al[14] reported that two patients
with nonresectable intra-abdominal IMTs had a satisfactory outcome after receiving treatment with nonsteroidal
anti-inflammatory drugs. There is no evidence to prove
that chemotherapy is effective when used singly, however, it may play a role following complete resection. As
shown in our case, patients with unresectable retroperitoneal IMTs receiving conventional-dose methotrexate/
cisplatin chemotherapy and oral NSAIDs can be symptom-free after 3 years of follow-up without relapse or
metastasis and achieve a favorable prognosis. Therefore,
chemotherapy combined with oral NSAIDs may be an
effective therapeutic option for patients with unresectable IMT.
Our experience with the patient in this report might
provide another treatment choice for patients with unresectable, residual or recurrent IMT.
In summary, our findings suggest that middle-dose
chemotherapy and NSAIDs may be a feasible therapeutic choice in patients with unresectable retroperitoneal
IMT.

DISCUSSION
IMT was originally described in the lungs in 1937, and
since then has been reported to occur throughout the
body including the mesentery, stomach, abdomen, liver,
mediastinum, retroperitoneum, omentum and bladder
of children and adolescents[5]. Retroperitoneal IMTs are
extremely rare. This tumor was previously described as
an inflammatory pseudotumor, inflammatory myofibroblastoma, lymphoplasmacytic, histiocytoma, and fibrous
pseudotumor until 1994 when myofibroblastic tumor
was established as a distinct low grade malignancy by the
World Health Organization classification[6-8]. The exact
etiology of the disease is still not completely known. In
a review of the medical literature, researchers have suggested that trauma, surgery, inflammation and infection
by the Epstein-Barr virus or Human Herpes virus could
result in the development of IMT[9]. Others have insisted that a chromosomal rearrangement involving the
ALK gene results in the activation of a tyrosine kinase
receptor and could lead to abnormal expression[10]. In
the present case, the patient had no past medical history
related to this disease, therefore, there is no evidence of
a direct relationship between the development of the
disease and susceptible factors.
The clinical presentation of the tumor often depends
on its anatomical site. Retroperitoneal tumors usually
grow slowly and always present as a solid abdominal palpable mass, accompanied by abdominal pain or weight
loss. It is only when the retroperitoneal tumor increases
in size resulting in obstructive symptoms, that intestinal
obstruction may be diagnosed. As shown in our report,
the patient presented with an atypical clinical manifestation of intermittent abdominal pain accompanied by a
localized mass and no significant abnormal laboratory
tests. The CT features in our patient showed varied
degrees of enhancement on the complex soft tissue involving the mesenteric vessels with nonspecific findings,
which was mostly indistinguishable from a malignant
process. It is difficult to confirm this disease using these
atypical clinical manifestations pre- or intra-operatively.
A definite diagnosis therefore depends on histopathological evaluation after biopsy or resection.
When necessary, surgical resection could be considered the preferred treatment for IMT, which can also
be used to confirm this disease. The recurrence rate
has been reported to range from 18% to 40%, and only
precise removal of the tumor will avoid recurrence[11]. In
our patient, the location of the tumor made it difficult
to cure by means of a complete radical resection which
may have led to intestinal ischemia and even postoperative short bowel syndrome. Steroids and radiotherapy
as well as chemotherapy as adjuvant therapy are feasible
alternatives to surgery. Chemotherapy, radiotherapy, and
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INTRODUCTION

Abstract

Hepatic myelopathy (HM) is a rarely reported disorder
characterized by progressive spastic paraparesis of the
lower extremities due to impaired corticospinal tract
function in the setting of cirrhosis or portosystemic
shunting[1-3]. Over 85% of reported HM cases have been
associated with surgical, angiographic, or spontaneous
portosystemic shunting. Both HM and hepatic encephalopathy (HE) after a surgical portosystemic shunt are
thought to be secondary to the increased shunting of
portal venous toxins to the systemic circulation and from
hypoperfusion and ischemia of the hepatocytes. However, unlike HE, conservative treatment of HM is usually
considered inefficient.
Recently, outcomes for a small number of patients
who have undergone liver transplantation (LT) for HM
suggest a potential neurological benefit, especially with
earlier transplantation[4-6]. However, for patients with
normal liver function or Child-Pugh A grade cirrhosis,
the choice of LT vs other treatments (i.e., narrowing or
occlusion of the shunt) is debatable[3,4]. In addition, the
limited donor organ supply remains a major issue. In the
present study, we report a case with HM due to a surgical splenorenal shunt that was successfully occluded by

We present a case with hepatic myelopathy (HM) due
to a surgical splenorenal shunt that was successfully
treated by endovascular interventional techniques. A
39-year-old man presented with progressive spastic
paraparesis of his lower limbs 14 mo after a splenorenal shunt. A portal venogram identified a widened patent splenorenal shunt. We used an occlusion balloon
catheter initially to occlude the shunt. Further monitoring of the patient revealed a decrease in his serum
ammonia level and an improvement in leg strength. We
then used an Amplatzer vascular plug (AVP) to enable
closure of the shunt. During the follow up period of 7
mo, the patient experienced significant clinical improvement and normalization of blood ammonia, without any
complications. Occlusion of a surgically created splenorenal shunt with AVP represents an alternative therapy
to surgery or coil embolization that can help to relieve
shunt-induced HM symptoms.
© 2012 Baishideng. All rights reserved.
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endovascular interventional techniques, which resulted
in significant clinical improvement and normalization of
blood ammonia.

tive, syphilis serology was negative, and an analysis of the
cerebrospinal fluid was normal.
Magnetic resonance imaging of the brain and spine
was normal, and an abdominal computed tomography
(CT) revealed a cirrhotic liver. An abdominal ultrasound
examination showed features of cirrhosis of liver and a
Doppler study showed a widely-open splenorenal shunt.
Electro-encephalography revealed no definite abnormality and an endoscopic examination revealed no esophagogastric varices.

CASE REPORT
Patient’s history
A 39-year-old man presented in April 2010 with an 11
mo history of slowly progressive spastic paraparesis of
his lower extremities. The patient in question had a history of hepatitis B disease. In March 2008, he underwent
a surgical splenorenal shunt and splenectomy due to
recurrent esophagogastric variceal bleeding and thrombocytopenia. In May 2009, fourteen months after his
surgical splenorenal shunt, gait impairment was first noticed. An episode of HE was not seen during this period.
The patient received conservative medical management,
including protein restriction, non-absorbable antibiotics,
lactulose and physical therapy, after the onset of gait impairment. However, these measures did not prevent the
progressive decline in his mobility and this necessitated
the use of a cane because of marked leg weakness, gait
imbalance, and instability.

Diagnosis and general management
Given the aforementioned extensive neurological evaluation, which did not identify any alternative explanation
for the patient’s spastic paraparesis of the lower extremities, the diagnosis of HM secondary to the surgical splenorenal shunting was made. After admission, with protein restriction and medication with lactulose, neomycin,
B-vitamins, physical therapy, and antispastic agents for
3 wk, the patient showed no improvement in his spastic
paraparesis, and his hyperammonemia remained within
the range of 140-180 μmol/L.
After discussion with hepatologists, gastroenterologists, and vascular surgeons at the authors’ hospital, we
decided to occlude the surgical splenorenal shunt to prevent further neurologic deterioration. Informed consent
was obtained from the patient.

Physical examination
Physical examination revealed normal mental status and
cranial nerve function, and the absence of asterixis. Kayser-Fleischer rings were absent, upper extremity strength
and tendon reflexes were normal, and Hoffman’s sign
was absent. In the lower extremities, the legs were spastic,
the tone was more noticeably increased with brisk tendon
reflexes and there was clonus at the ankles. Plantar reflexes were extensor and the patient was unable to move
his legs. There was no atrophy or any fasciculations, nor
any evidence of ascites or peripheral edema.

Angiographic procedure
Under local anesthesia (2% lidocaine) and fluoroscopic
guidance, venous access was obtained through the right
internal jugular vein, and a 9 Fr with an angled-tip 80-cm
long introducer sheath (Cook, Bloomington, Indiana)
was advanced into the inferior vena cava. The splenorenal
shunt was then catheterized with a 5 Fr Cobra catheter
(Terumo Corporation, Tokyo, Japan) and an angled-tip
0.035-inch hydrophilic guidewire (Terumo). Initial portography and pressure measurements were performed
with a 5 Fr multiple-side-hole catheter (Cook) positioned
in the superior mesenteric vein. At the portal venogram,
a widened patent shunt was seen (Figure 1), with a portacaval pressure gradient of 8.0 mmHg. The portal vein
pressure was 12.5 mmHg.

Laboratory studies
Laboratory investigations showed normal serum levels
of electrolytes, glucose, vitamin B12, and creatinine. He
had mild anemia (hemoglobin level of 112 g/L; normal
range, 120-160 g/L) and thrombocytopenia (85 × 103/
mm3; normal range, 100 × 103-300 × 103/mm3). Prothrombin time was 16 s (normal range, 11-14.5 s). Other
values were as follows: 28 μmol/L total bilirubin (normal
range, 3-20 μmol/L); 15 μmol/L conjugated bilirubin
(normal range, 0-7 μ mol/L); 156 μ mol/L ammonia
(normal range, 18-45 μmol/L); 56 U/L alanine aminotransferase (normal range, 5-40 U/L); 65 U/L aspartate
aminotransferase (normal range, 15-45 U/L); 126 U/L
alkaline phosphatase (normal range, 30-115 U/L); 36
g/L albumin (normal range, 35-50 g/L); 45 g/L globulin
(normal range, 21-40 g/L); international normalized ratio
1.3 (normal range, 0.9-1.2). His liver was graded as ChildPugh class A.
Serum examinations for hepatitis B surface antigen
and hepatitis B e-antigen were positive, but a test for hepatitis B core antigen was negative. Antibodies to hepatitis
C virus and human immunodeficiency virus were nega-

WJG|www.wjgnet.com

Temporary balloon occlusion of the surgical splenorenal
shunt
We initially placed an occlusion balloon catheter into the
splenorenal shunt tract to test if the patient could be
tolerable to the full embolization procedure. Following
the angiographic procedure, over a 0.035-inch Amplatz
wire (Cook), the 9 Fr introducer sheath advanced into the
splenorenal shunt. A 7 Fr latex balloon catheter, with a
maximum outer diameter of 16 mm (Boston Scientific,
Watertown, Mass) was then inserted into the splenorenal
shunt through the sheath. Under the inflated balloon,
injection of contrast material through the sheath showed
complete occlusion of the surgical splenorenal shunt. After the balloon occlusion, heparin infusion was given via
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mild improvement in his leg strength and balance, while
the other HE-related symptoms remained unchanged.
Follow-up CT on post-procedural day 5 showed the balloon positioned appropriately (Figure 2A). Repeat liver
function tests were normal, and repeat endoscopic examination confirmed no induction of esophagogastric
varices. There was no evidence of ascites. Six days after
the balloon occlusion procedure, we decide to occlusion
the splenorenal shunt permanently with endovascular
embolization.
Embolization of the surgical splenorenal shunt with an
Amplatzer vascular plug
Given the relatively larger diameter of the splenorenal
shunt, we decided to use an Amplatzer vascular plug
(AVP) instead of conventional embolization materials (i.e.,
coils, glue, and particles).
The diameter of the surgical splenorenal shunt was
approximately 13 mm in diameter, calculated on the angiography workstation. Given the diameter of the shunt,
we used an 18-mm AVP (AGA Medical Corp., Golden
Valley, MN, United States) with the 30%-50% oversizing recommended by the manufacturer, to prevent plug
migration. For deploying the AVP, the 9 Fr introducer
sheath advanced over a 0.035-inch Amplatz wire (Cook)
into the most distal extreme of the splenorenal shunt.
The AVP device was then advanced through the 9 Fr
sheath and initially deployed by retracting the sheath, but
without detaching the device. A control injection was
performed, to ensure satisfactory positioning of the device and to enable repositioning. When in a satisfactory
position, the AVP was detached by anticlockwise rotation of the AVP guide wire to unscrew it from the AVP
device proper. Within minutes of deployment, the shunt
had completely stopped. Injection of contrast material
through the sheath showed complete occlusion of the
surgical shunt.
Following AVP embolization, an indirect digital subtraction portography, carried out during the same procedure and obtained with a 4 Fr catheter (Terumo) inserted
into the superior mesenteric artery (SMA) via the right
femoral artery approach, was used to evaluate portal vein
system. Digital subtraction SMA angiogram at the portal
venous phase demonstrated a marked improvement in
the opacification of the portal vein in comparison with
that of the portography pre-deployment of the AVP
(Figure 3), indicating an increase in antegrade intrahepatic portal vein perfusion. No contrast material passed
through the surgical splenorenal shunt.

Figure 1 Digital subtraction portogram obtained via a catheter inserted
through the distal splenorenal shunt into the superior mesenteric vein
(arrows) using the right jugular vein approach. The wide patent splenorenal
shunt (arrow heads) is shown. Note the inferior vena cava (curved arrow).

A

B

Figure 2 Coronal maximum intensity projection reconstruction of a contrast enhanced 64-slice helical computed tomography scan of the abdomen. A: Obtained 5 d after placement of an occlusion through the splenorenal
shunt and shows the occlusion balloon placed within the shunt tract (arrows),
note the inferior vena cava (curved arrow) and the left renal vein (arrow heads);
B: Obtained 3 mo after the Amplatzer vascular plugs (AVP) occlusion procedure
and shows the correct AVP position (arrow heads), opacification of the portal
system (arrows), and no opacification of the surgical shunt, as well as the varices.

Follow-up
No complication was noted during and after the procedure. Five days after the AVP embolization, the patient’s
serum ammonia level had normalized to 40 μmol/L.
The patient was discharged 6 d post-AVP embolization. Doppler US confirmed complete occlusion of the
splenorenal shunt. In June 2010, one month after the embolization, the patient reported a gradual improvement

a peripheral vein, at a dosage of 120 mg/24 h, to avoid
catheter-related thrombosis.
Following the balloon occlusion procedure, the patient’s plasma ammonia level decreased to 110 μmol/L,
70 μ mol/L, 60 μ mol/L and 50 μ mol/L, on postprocedural days 2, 3, 5 and 6, respectively. He reported a
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Figure 3 After deploying the Amplatzer vascular plugs, indirect digital
subtraction portography, obtained through the catheter inserted into
the superior mesenteric artery using the right femoral artery approach,
demonstrates opacification of the portal vein (arrows). Note the correct
Amplatzer vascular plugs position (arrow heads) and no visualization of varices.

Figure 4 Axial image of contrast enhanced 64-slice helical computed tomography scan of the abdomen, showing the correct Amplatzer vascular
plug position (curved arrow), opacification of the portal system (arrow
heads), and a thrombosed shunt tract (arrows).

transjugular intrahepatic portosystemic shunt (TIPS)
HE[2,7]; however, the usefulness of the technique for postsurgical shunt HM has not yet been determined. In the
present case, the patient’s gait impairment was noticed 14
mo after his surgical splenorenal shunt, with a progressive
decline in his mobility afterward. We successfully occluded
the large surgical splenorenal shunt using an AVP. Following AVP embolization, the patient reported a gradual improvement in leg strength and balance. Seven months later
the patient was able to walk 1 to 2 km aided by crutches,
with only mild residual spasticity of his lower extremities.
To our knowledge, reversal of HM by occlusion of a surgical splenorenal shunt with AVP has not been reported.
Possible embolizing materials for the embolization of
the portosystemic shunt are coils, a detachable balloon,
and an AVP. We chose AVP implantation for our patient
due to the relatively large size of the surgical splenorenal
shunt. In this situation, a number of coils would be needed to achieve adequate vessel closure. In addition, coil
migration may occur when used in short shunt tracts[7-10].
AVPs has recently been shown to be effective in the occlusion of internal iliac arteries[9], the treatment of pulmonary arteriovenous malformations[10], and as an occlusion system for a splenorenal shunt arising after TIPS[8,11].
The advantage of the AVP, compared to coils, is that it
can be more precisely placed within the vessel and that it
can be repositioned or removed, if necessary.
There is some doubt as to whether portal pressure
could rise after portosystemic shunt embolization. This
would constitute a critical complication for the patient,
resulting in the aggravation of esophageal varices or
even the development of new varices[2,12,13]. One study
concluded that, to avoid the consequences of a sudden
increase in portal pressure, embolization should be indicated only in patients with absent or mild esophageal
varices and with no signs of hepatic failure, such as ascites or jaundice[14]. In addition, routine periprocedural
endoscopy is recommended in this setting to minimize
the incidence of embolization-related complications. In
this report, we used an occlusion balloon catheter initially
to occlude the surgical shunt. Further monitoring of the

in strength; he was still moderately weak but was able to
walk short distances (50-100 m) with crutches.
By 3 mo after the procedure, he was able to walk
about 300-500 m with crutches. He still complained of
stiffness and spasms in his legs, but improved compared
to 3 mo ago. A follow-up contrast enhanced CT scan at
the venous phase confirmed that the AVP position was
correct, that there was opacification of the intrahepatic
portal veins, that the splenorenal shunt tract was thrombosed, and that there was no opacification of the surgical
shunt or varices (Figures 2B and 4).
The patient continued to show improvement in his
HM symptoms over the next few months. In December
2010, 7 mo after the splenorenal shunt embolization, his
strength improved significantly, he was able to walk 1 to
2 km aided by crutches, and had only mild stiffness in
both legs. Esophagogastroscopy showed no evidence of
esophagogastric varices.

DISCUSSION
HM responds poorly to conservative medical therapy
and it has a poor prognosis because of its progressive
and irreversible nature[2,3]. Currently, treatment options in
HM include surgical ligation, liver transplantation, shunt
reduction, or occlusion by interventional procedures.
Surgical ligation has been reported to be effective, but is
used only occasionally[1]. LT remains a potentially definitive treatment for HM in patients with decompensated
cirrhosis of Child-Pugh B and C grade[4-6]. However,
for patients with normal function liver or Child-Pugh A
grade cirrhosis, the choice of LT vs other treatments (i.e.,
narrowing or occlusion of the shunt) is debatable[1,2]. Our
patient had no history of HE, and his laboratory studies showed no liver dysfunction, with the exception of
an increase in his serum ammonia level. Thus, occlusion
of the surgical splenorenal shunt may be an alternative
therapeutic option.
Interventional endovascular shunt occlusion has been
used previously to treat post-surgical shunt HE and post-
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patient over the next few days revealed no evidence of
induction varices or ascites; thus we decided to use an
AVP to enable closure of the shunt.
Our case raises several unique points not previously
noted in the literature. Firstly, to our knowledge, this is
the first report of a surgical shunt relate-HM successfully
embolized with AVP resulting in an immediate improvement in intrahepatic portal perfusion, normalization of
blood ammonia, and a gradual improvement of HMrelated symptoms. Secondly, since we were able to document a temporary balloon occlusion of the surgical shunt
prior to permanent embolization, it may be possible to
predict clinical and laboratory improvement. Finally, in
patients with normal function liver or Child-Pugh A
grade cirrhosis, shunt occlusion may represent a suitable
alternative therapy to LT that can help to relieve shuntinduced HM symptoms.
In conclusion, for the present case, we successfully
occluded a large surgical splenorenal shunt using an AVP,
which resulted in significant clinical improvement of the
shunt-induced HM symptoms. This technique represents a viable alternative to surgery or coil embolization,
although further study is necessary. In addition, trial balloon occlusion of the shunt prior to complete permanent
embolization can be used to predict the clinical and laboratory improvement.
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Abstract
This case reports an application of conventional duodenoscope in a post pancreaticoduodenectomy patient
with the help of retrieval balloon assisted enterography.
The 56-year-old woman had pancreaticoduodenectomy
with Child reconstruction 9 mo ago because of pancreatic adenocarcinoma and now there are recurrent
enlarged lymph nodes in the anastomotic stoma of hepaticojejunostomy. Considering the patient’s late-stage
cancer, a plastic stent was then successfully placed
there to drainage. The main challenge in this case was
the extremely long afferent loop and blind cannulation
through the anastomotic stoma of hepaticojejunostomy.
Retrieval balloon assisted enterography is very helpful
for duodenoscope going through the reconstructed intestinal tract and for the cannulation. After two weeks,
the patient remained free of painful symptoms and free
of fever. Liver function improved well. Four months after the placement of stent, the patient died of cachexia
without jaundice, fever and abdominal pain according
to her daughter’s statement.
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INTRODUCTION
Endoscopic interventions are usually very challenging
in patients with anatomic changes caused by previous
gastrointestinal surgery. Methods using front view endoscopy, single-balloon enteroscopy (SBE) and doubleballoon enteroscopy (DBE) systems may aid in cholangiopancreatography in postsurgical conditions. In this
case, an endoscopic retrograde cholangiopancreatography
(ERCP) procedure was successfully performed using a
conventional duodenoscope on a post-pancreaticoduodenectomy patient with the help of retrieval-balloonassisted enterography. The patient was a 56-year-old
woman who had undergone a pancreaticoduodenectomy
9 mo previously in another hospital because of pancreatic adenocarcinoma. Recurrent enlarged lymph nodes
were found 9 mo after surgery in the anastomotic stoma
of the hepaticojejunostomy. A plastic stent was placed in
the stenosis and resulted in improved liver function.
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CASE REPORT
A 56-year-old woman presented complaining of abdominal pain, fever and jaundice for two weeks. She had
pancreaticoduodenectomy 9 mo previously in another
hospital, and the pathological diagnosis was pancreatic
adenocarcinoma. Two weeks before this admission, she
began to feel abdominal distension and intermittent pain,
accompanied by jaundice and fever. The highest fever
was 38.6  ℃.
Magnetic resonance imaging (MRI) showed that the
lymph nodes of the hepatoduodenal ligament were enlarged and causing compression of the anastomotic stoma of hepaticojejunostomy (Figure 1). The intrahepatic
duct was markedly expanded. The lymph nodes near the
aorta were also enlarged.
Laboratory tests revealed: total white cells 5.9 × 109/L,
neutrophilic granulocyte (%) 71.9%, total bilirubin 104
µmol/L, direct bilirubin 81.6 µmol/L, glutamate pyruvate transaminase 34 U/L, glutamic-oxal(o) acetic transaminase 25 U/L.
We performed ERCP using a conventional duodenoscope on this patient, which showed compressed stenosis
of the anastomotic stoma of hepaticojejunostomy consistent with the MRI. We then successfully placed a plastic stent in the anastomotic stoma.
Within a few days after placement of the biliary
stent, the fever resolved and there was no complaint of
abdominal pain. Serum bilirubin levels also went down.
Five days later, X-ray of the biliary system showed that
no contrast remained in the bile duct and the patient was
discharged. Two weeks after discharge, there was still no
complaint of abdominal illness or fever. Laboratory tests
showed: total white cells 5.9 × 109/L, neutrophilic granulocyte (%) 63.1%, total bilirubin 49.7 µmol/L, direct bilirubin 33.0 µmol/L, glutamate pyruvate transaminase 31
U/L, glutamic-oxal(o) acetic transaminase 55 U/L.
The procedure was performed with the patient under
pharyngeal anesthesia and sedation (intramuscular 10 mg
diazepam injection). The patient was placed in the left
lateral decubitus position. ERCP was performed under
fluoroscopic control using a therapeutic duodenoscope
with a total length of 120 cm, and a working channel of
3.7-mm diameter (Olympus V260). The duodenoscope
was advanced into the stomach and then the afferent jejunal loop through the gastrojejunal anastomosis. The afferent loop after pancreaticoduodenectomy is always longer compared to that after a Billroth Ⅱ gastrectomy. In
this case, after arriving at the afferent loop and pushing
the whole duodenoscope into the patient’s stomach and
afferent loop by retrieval-balloon-assisted enterography,
we realized we were a long way (approximately 30 cm)
from the anastomotic stoma of the hepaticojejunostomy
(Figure 2A).
The position of the anastomotic stoma of hepaticojejunostomy after pancreaticoduodenectomy was actually
invariably near the porta hepatis opening downward to
the afferent limb. After using contrast to see the whole
picture of the afferent loop, we inserted the wire-guided
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Figure 1 Magnetic resonance imaging showed compressed anastomotic
stoma.

retrieval-balloon catheter to the extremity of the afferent
limb, then inflated the balloon and drew back the catheter slowly. We focused on the possible position of the
anastomotic stoma of the hepaticojejunostomy and tried
to cannulate the intrahepatic bile duct using a guide wire
and finally succeeded. It took only 9 min from when we
saw the whole picture of afferent loop to successful cannulation (Figure 2B).
Consistent with the MRI, cholangiography showed the
compressed anastomotic stoma of hepaticojejunostomy
and expanded intrahepatic duct. We left the guide wire in
the intrahepatic duct and removed the retrieval-balloon
catheter. Because of the patient’s late-stage cancer, we put
a plastic stent through the stenosis of the anastomotic stoma. The stent went along the guide wire and was pushed
by a long catheter to the proper site. Contrast came out of
the intrahepatic duct into the afferent loop (Figure 2C).
Five days later, X-ray showed that the stent remained in
the correct position (Figure 3).
Four months later, the patient died of cachexia. According to a statement from her daughter, there was no
jaundice, fever or abdominal pain during that time.

DISCUSSION
ERCP on patients with postsurgical anatomy changes,
such as subtotal gastrectomy of Billroth Ⅱ, Roux-en-Y
hepaticojejunostomy and pancreaticoduodenectomy, is
difficult to perform. Some case reports describe successful cannulation through front-viewing endoscopes[1], SBE
or DBE[2-7]. However, rare cases of use of a conventional
duodenoscope have been reported[8-10].
One difficulty in ERCP with postsurgical anatomy
changes is how to gain access to the right afferent loop.
In our experience, for post-pancreaticoduodenectomy
ERCP, the afferent loop was usually at the lesser curvature of stomach, so when we saw the gastrojejunal
anastomosis after walking the duodenoscope along the
greater curvature of stomach, the “upper tunnel” was the
right afferent loop (Figure 4). Sometimes, it was difficult
to get into the “upper tunnel” because of the relatively
sharp angle. If it was hard to distinguish which was the
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A

B

C

Figure 2 The process of blind cannulation through the anastomotic stoma of hepaticojejunostomy followed by placement of a plastic stent. A: The afferent
loop was too long for the duodenoscope to reach the anastomotic stoma of hepaticojejunostomy; B: Successful cannulation into the intra hepatic bile duct with the
help of the wire guided retrieval balloon catheter; C: A plastic stent was placed through the stenosis of the anastomotic stoma.

Figure 3 Five days after placement of biliary stent, X-ray of the biliary
system showed the right position of the stent, and no contrast remained
in the bile duct.

Figure 4 The “upper tunnel” was usually the exactly right afferent loop in
post pancreaticoduodenectomy with child reconstruction.

achieve cannulation successfully.
The retrieval balloon could be used to explore the intestinal tract by injecting contrast through it under X-ray,
especially in patients with postsurgical anatomy changes.
We termed it retrieval-balloon-assisted enterography. It
not only showed us the direction of the tract in order to
guide the endoscope forward, but also facilitated forward
movement of the endoscope with fewer injuries to the
intestinal wall. In a subtotal gastrectomy of Billroth Ⅱ
with side-to-side jejunojejunostomy of afferent and efferent loops, the retrieval-balloon catheter could also be
used, by lying in the right limb, as a guide to prevent the
duodenoscope from sliding out of the right limb into
another upon forward motion. Upon successful accessing of the right limb, the retrieval balloon is visible in the
tract ahead, instead of jumping out of it.

upper, we would draw back the duodenoscope a little to
“relax” the gastrojejunal anastomosis, making it easier
to see distinguish the upper. Sometimes, we would also
use a catheter (usually the wire-guided retrieval balloon
that was used to remove the common bile duct stone) to
explore into each limb, injecting contrast into the loop,
followed by the scope advancing, and then found the afferent loop. It should be emphasized that in the ERCP
with postsurgical anatomy changes, we could rely not
only on what was visible through the endoscope, but also
the X-ray images from enterology.
The main challenge in this case was the extremely
long afferent loop. In an ordinary pancreaticoduodenectomy, the distance from the gastrojejunal anastomosis
and the anastomotic stoma of hepaticojejunostomy is
at least 60 cm. In theory, the duodenoscope could reach
the anastomotic stoma, however, in this case the afferent
loop was too long to reach. By using the retrieval balloon
catheter and injecting contrast through it, we were able
to see how much further we needed to go. The other key
point to success in this case was that the surgeons knew
the post-pancreaticoduodenectomy anatomy well and, as
a result, knew where to cannulate. The retrieval-balloon
catheter aided in approaching the anastomotic stoma
of the hepaticojejunostomy and served as a sustainer to
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while the other was heterozygous for the mutation
c.797G>A. Based on these mutations, a diagnosis of
primary ∆4-3-oxosteroid 5β-reductase deficiency could
be confirmed. With ursodeoxycholic acid treatment and
fat-soluble vitamin supplements, liver function tests
normalized rapidly, and the degree of hepatomegaly
was markedly reduced in both patients.

Abstract

INTRODUCTION
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Primary ∆4-3-oxosteroid 5β-reductase deficiency (OMIM
235555, also called congenital bile acid synthesis defect
type 2, CBAS 2) is a rare but potentially life-threatening
form of bile acid deficiency that presents with neonatal
progressive intrahepatic cholestasis and normal or slightly
elevated γ-glutamyltransferase (GGT)[1]. In the patients
described to date, it is noted that early diagnosis and primary bile acid treatment lead to progressive normalization
of liver function and avoidance of liver transplantation[2].
The aldo-keto reductase 1D1 (AKR1D1) gene encodes
the only known human ∆4-3-oxosteroid 5β-reductase,
which catalyzes the reactions responsible for changes to
the steroid nucleus of cholesterol in both major bile acid
synthesis pathways[3]. Mutations in AKR1D1 lead to a

Aldo-keto reductase 1D1 (AKR1D1 ) deficiency, a rare
but life-threatening form of bile acid deficiency, has not
been previously described in China. Here, we describe
the first two primary ∆4-3-oxosteroid 5β-reductase
deficiency patients in Mainland China diagnosed by
fast atom bombardment-mass spectroscopy of urinary
bile acids and confirmed by genetic analysis. A high
proportion of atypical 3-oxo-∆4-bile acids in the urine
indicated a deficiency in ∆4-3-oxosteroid 5β-reductase.
All of the coding exons and adjacent intronic sequence
of the AKR1D1 gene were sequenced using peripheral
lymphocyte genomic DNA of two patients and one of
the patient’s parents. One patient exhibited compound
heterozygous mutations: c.396C>A and c.722A>T,
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deficiency of the bile acids that normally facilitate the detachment of γ-glutamyl-transpeptidase from the canalicular membrane. So, unlike other causes of cholestasis that
present with markedly elevated GGT, CBAS 2 presents
with normal or slightly elevated GGT[1].
To our knowledge, an accurate diagnosis of CBAS
2 requires AKR1D1 gene analysis, but only 8 reported
cases of CBAS 2 worldwide have been diagnosed both
biochemically and genetically[1,4]. To further the knowledge of the clinical features and therapeutic treatment of
CBAS 2, here we describe two patients in Mainland China
with progressive intrahepatic cholestasis in early infancy
diagnosed by fast atom bombardment-mass spectroscopy (FAB-MS) analysis of urinary bile acids and genetic
analysis.

A

Figure 1 Genomic DNA sequences in exon 7 of the aldo-keto reductase
1D1 gene in patient 1. A: The arrow identified a heterozygote mutation for
c.797G>A (p.R266Q) in this patient; B: The reverse strand sequence shows the
same result.

mild jaundice was present. The abdomen was soft, and
the liver was 4 cm below the right costal margin and 3 cm
below the xiphoid process. The spleen was not felt. There
were no dysmorphic features or cardiac murmur. Laboratory studies showed TBil 96.1 μmol/L (normal range:
5.1-17.1 μmol/L), DBil 64.4 μmol/L (normal range: 0-6
μmol/L), ALT 176 IU/L (normal range: 0-40 IU/L),
AST 183 IU/L (normal range: 0-40 IU/L), GGT 33
IU/L (normal range: 7-50 IU/L), TBA 3 μmol/L (normal range: 0-10 μmol/L). Abdominal ultrasound showed
hepatomegaly 4.5 cm below the right costal margin and
splenomegaly 2 cm below the left costal margin.

CASE REPORT
Patients
A male patient (paitent 1) was delivered at term after
an uneventful pregnancy by a caesarean delivery with
a birth weight of 3100 g. The infant represented his
mother’s third pregnancy; the first two pregnancies were
terminated by abortion for social reasons. The patient’s
parents were both healthy and non-consanguineous. He
developed progressive jaundice from 10 d of life with
dark urine. At the age of 4 mo, recurrent pruritus and
white stool were noticed, and exploratory laparotomy
was performed. Hepatic pathology showed marked giant
transformation of hepatocytes, lobular disarray, hepatocellular bile stasis, mildly interlobular fibrosis, proliferation and inflammation. After treatment with traditional
Chinese medicine for 2 mo, the pruritus was relieved,
but the jaundice persisted. At the age of 11 mo, he was
referred to the hospital. On physical examination, moderate jaundice was present. The abdomen was soft, and the
liver was detected 2 cm below the xiphoid process and 4.5
cm below the right costal margin, while the spleen was
detected 2 cm below the left costal margin. There were
no dysmorphic features or cardiac murmur. Laboratory
studies at 11 mo showed total bilirubin (TBil) 146 μmol/
L (normal range: 5.1-17.1 μmol/L), direct bilirubin (DBil)
113 μmol/L (normal range: 0-6 μmol/L), alanine aminotransferase (ALT) 210 IU/L (normal range: 0-40 IU/L),
aspartate aminotransferase (AST) 207 IU/L (normal
range: 0-40 IU/L), alkaline phosphatase 162 IU/L (normal range: 42-383 IU/L), GGT 65 IU/L (normal range:
7-50 IU/L), total bile acids (TBA) 6.1 μmol/L (normal
range: 0-10 μmol/L). Abdominal ultrasound showed
hepatomegaly 4.5 cm below the right costal margin and
splenomegaly 5 cm below the left costal margin.
Another male patient (paitent 2) born at term after an
uneventful pregnancy by a caesarean delivery with a birth
weight of 3950 g was the first child of a non-consanguineous couple. The mother had hepatitis B and the father
was healthy. He developed mild jaundice from 3 d of life
and did not receive any medicine. At the age of 11 wk,
he was referred to our hospital. On physical examination,
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Urine bile acid analysis
For patient 1, the first urine sample was taken at 11 mo
of age when ursodeoxycholic acid (UDCA) (150 mg/d)
was discontinued for 7 d. The FAB-MS analysis showed
that the largest bile acid peaks were consistent with the
presence of residual amounts of ursodeoxycholic acid
metabolite (m/z 528), and the atypical bile acids of
dihydroxy-oxo-cholenoic acids present in the glycine conjugate (m/z 460) and taurine conjugate (m/z 510) forms
and monohydroxy-oxo-cholenic acids presents in the
glycine conjugate (m/z 444) and the taurine conjugate
(m/z 494) forms. Peaks attributable to the glycine and
taurine conjugates of chenodeoxycholic acid and cholic
acid (m/z 448, 464, 498, and 514) were present in traces
or undetectable above background[5]. A second urine
sample was taken at 17 mo of age, when the patient was
treated with UDCA (250 mg/d). Liver function test (LFT)
was normal, with slightly elevated aminotransferase. The
FAB-MS analysis showed that the largest bile acid peaks
were consistent with ursodeoxycholic acid metabolite
(m/z 528), a dihydroxy-oxo-cholenoic acid present as the
glycine conjugate (m/z 460) and a monohydroxy-oxocholenic acid present as the glycine conjugate (m/z 444).
For the second patient, a urine sample was taken at 3
mo of age, when he was treated with UDCA (100 mg/d).
LFT had improved but was not completely normal. The
FAB-MS analysis was similar to that for patient 1.
Genetic analysis
The study protocol conforms to the ethical guidelines of
the Declaration of Helsinki of 1975. With the approval
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Figure 2 Pedigree for patient 2 shown with genomic DNA sequences in exons 4 and 7 of the aldo-keto reductase 1D1 gene in patient 2 and his parents.
The arrow in exon 4 identified C/A in patient 2s and his father, but C in his mother. The arrow in exon 7 identified A/T in patient 2 and his mother, but T in his father.
These represent compound heterozygote with c.396C>A (nonsene mutation) from his father and c.722A>T (p.D241V) from his mother.

by the Ethics Committee on human research of the Children’s Hospital of Fudan University and the informed
consent of the parents, 1 mL of whole blood was drawn
from the patient and his parents. To confirm the diagnosis and establish the molecular basis of the disorder,
genomic DNA was isolated from the white blood cells.
Then, we sequenced all of the coding exons and adjacent intronic sequence of the AKR1D1 gene. Patient 1
was found to be heterozygous for c.797G>A in exon 7,
which leads to an amino acid substitution of arginine by
glutamine at amino acid position 266 (p.R266Q) (Figure
1). Patient 2 was revealed to be compound heterozygous for c.396C>A (nonsense mutation) and c.722A>T
(p.D241V), the former from his father and the latter
from his mother (Figure 2).

instead of UDCA for 4 mo. After the CDCA was discontinued, the patient’s total bilirubin and alanine aminotransferase was normal (Figure 3). However, the patient
was not normally responsive to both visual stimuli and
auditory stimuli. Magnetic resonance imaging at the age
of 13 mo showed cerebral dysplasia with abnormally low
levels of white matter.

DISCUSSION
Primary ∆4-3-oxosteroid 5β-reductase deficiency, first
reported by Setchell et al[6], is an extremely rare condition.
We diagnosed two Chinese infants, both of whom presented with neonatal progressive intrahepatic cholestasis
with markedly elevated serum conjugated bilirubin and
aminotransferase but normal serum TBA and normal
or slightly elevated GGT. Diagnosis of CBAS 2 was
established by FAB-MS analysis of urinary bile acids
and genetic analysis. According to clinical features and
biochemical findings, bile acid synthesis deficiency was
highly suspected[1,7,8]. However, analyses of the bile acid
profile and AKR1D1 gene sequence were not available
in our center at that time. Our patients were given a large
dose of UDCA combined with a fat-soluble vitamin
supplement, which was inadvertently found to produce a
good response in our patients with CBAS 1.
The first urine sample of patient 1 was collected when
UDCA (150 mg/d) was stopped 7 d, although there are
several ions that may represent bile acid metabolites that
are usually observed with UDCA therapy for metabolism

Management and treatment
Patient 1 was treated with UDCA (40 mg/kg per day) for
5 mo. Liver transaminase concentration was normalized
(Figure 3A), and the degree of hepatomegaly was markedly reduced. Jaundice has improved and disappeared.
Recently, liver function tests showed TBil 6.7 μmol/L,
DBil 2.9 μmol/L, ALT 8 IU/L, AST 16 IU/L, and GGT
10 IU/L.
Patient 2 was treated with UDCA (40 mg/kg per
day) for 4 mo. The liver transaminase concentration was
normalized, and the degree of hepatomegaly was markedly reduced. Jaundice has improved and disappeared.
After FAB-MS analysis of urine bile acid, the patient was
given chenodeoxycholic acid (CDCA, 25 mg/kg per day)
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Figure 3 The responds of total bilirubin and alanine aminotransferase to treatment with ursodeoxycholic acid and/or chenodeoxycholic acid. A: Patient 1; B:
Patient 2. TBIL: Total bilirubin; ALT: Alanine aminotransaminase.

found in Sanger sequencing[4,8]. Based on biochemical
changes in urine bile acids and mutations in AKR1D1
gene, the diagnosis of CBAS 2 in both patients was confirmed.
UDCA is not recommended to be used in treatment
of patients with the AKR1D1 deficiency, because it
has no ability to downregulate endogenous bile acid
synthesis and prevent continued synthesis of atypical
and potentially hepatotoxic bile acid intermediates and
their metabolities[9]. However, an analysis of the urinary
bile acids of patient 1 showed that, even after liver
function had normalized, large amounts of abnormal
bile acids and UDCA remained. In addition, patient 2,
who was treated by UDCA followed by CDCA, showed
cerebral dysplasia with low levels of white matter.
However, it would be difficult to determine whether this
injury was due to the deficiency of delta 4-3-oxosteroid
5β-reductase and accumulation of abnormal bile acids
in lipids in the cerebrum or intracranial space or to other
metabolic complications.
In conclusion, we report the first two documented cases of CBAS 2 in Mainland China. Although rare, primary
3-oxo-delta 4-steroid 5β-reductase deficiency should be
considered in patients with neonatal cholestatic jaundice
with normal TBA and normal or slightly elevated GGT.

of UDCA may be present, the profile was conspicuous by lack of normal primary bile acid conjugates that
are characteristic of a bile acid synthetic defect involving a deficiency in the activity of the ∆4-3-oxosteroid
5β-reductase deficiency. The second urine sample of
patient 1 and the urine sample of patient 2 were collected
when UDCA tharapies were administered. The profiles
were complicated by several ions that represent bile acid
metabolites usually observed with UDCA therapy. Both
were highly probable that these were primary defects in
bile acid synthesis[6]. To definitively confirm a primary
defect[4], we sequenced all the coding exons and adjacent
intronic sequence of the AKR1D1 gene.
Three new mutations in AKR1D1 exons were detected in our patients, all of which altered the sequence
and function of protein and were predicted to be disease
causing by Mutation Taster (http://www.mutationtaster.
org/). All of the altered amino acid loci are highly conserved among orthologous proteins in different species.
There were two patients reported who were found with
just one heterozygote mutation[4]. We sequenced all the
coding exons and adjacent intronic sequence of the
AKR1D1 gene, another heterozygous mutation might be
outside the coding and splicing sequence or there might
be a large DNA genomic aberration which couldn’t be
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INTRODUCTION
Granular cell tumors (GCTs) are nerve sheath tumors
composed of Schwann cells with granular cytoplasm[1].
GCTs were first described in the 1920s by Abrikossoff
in a series of 5 cases with benign tumors removed from
the tongue. These tumors were once regarded as specific
to skeletal muscle. However, subsequent studies identified GCTs in various other tissues, including skin, breast,
respiratory tract, and biliary system[1].
GCTs are relatively rare in the gastrointestinal tract,
accounting for approximately 8% of all GCTs[2,3]. Of
these, only about 2% occur in the esophagus[3]. Abrikossoff described the first case of an esophageal GCT in
the early 1930s. To date, about 200 cases of esophageal
GCTs have been described in the literature, mostly representing single case reports or small case series. Several aspects of esophageal GCTs remain to be elucidated, such
as whether endoscopic ultrasound (EUS) can effectively
diagnose the disease, what the appropriate management
is, and whether GCTs undergo malignant degeneration.
Therefore, we studied the clinical and pathologic features
of esophageal GCTs by retrospectively analyzing all

Abstract
Esophageal granular cell tumors (GCTs) are rare tumors of the esophagus. We evaluated the clinical and
pathologic features of 9 esophageal GCT patients (5
men and 4 women) from our institute and reviewed
the related disease literature. Patient age ranged from
25 to 53 years (mean: 41 years). All the patients were
asymptomatic or presented with non-specific symptoms. Most GCTs occurred in the distal esophagus and
were less than 6 mm in diameter. Computational analysis showed that the average gray-scale endoscopic
ultrasound images of esophageal GCTs were greater
than that of esophageal leiomyomas. Eight patients
were treated by endoscopic resection, and 1 patient
underwent surgical excision. No post-therapy recurrence or metastasis developed during follow-up (mean:
36.4 mo, range: 1-72 mo).
© 2012 Baishideng. All rights reserved.

Key words: Esophageal granular cell tumor; Endoscopic
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esophageal GCT cases treated at our institution to address these unresolved issues.

ture; the granules in the cytoplasm showing positive periodic acid-Schiff (PAS) staining; the tumor cells expressing S-100.

CASE REPORT

Follow-up examination and data analysis
To study the progression of GCTs, all the patients were
followed-up with periodic endoscopic examination. Statistical analyses were performed using the SPSS 13.0 software for Windows. P values less than 0.05 (by a 2-tailed
test) were considered statistically significant.

Subjects
All the patients evaluated in this study were in- or outpatients treated at the First Affiliated Hospital, College of
Medicine, Zhejiang University, between January 2001 and
December 2011. All the patients were initially diagnosed
with suspected esophageal submucosal protruding lesions
(as revealed by conventional endoscopy), and were subsequently confirmed as GCT by histology. The study was
approved by the hospital’s ethics committee, and all the
patients agreed to study participation.

Results
The clinical characteristics of the patients are listed in Table 1. Our case series included 9 histologically confirmed
esophageal GCT patients (5 men and 4 women). Patient
age ranged from 25 to 53 years, with a mean age of 41
years. Of the 9 patients, 7 complained of nonspecific
symptoms, including upper abdominal distension, poor
appetite, belching, and acid reflux.
All 9 cases were initially diagnosed with suspected
esophageal submucosal protruding lesions, as indicated
by conventional endoscopy. The typical endoscopic appearance was isolated, tawny or grayish white submucosal nodules with the overlying mucosa being normal or
slightly granular, without ulceration or mucosal depression (Figure 1). Seven cases involved the distal esophagus,
and 2 cases involved the middle esophagus. Eight cases
received computed tomography chest examination; all
of which revealed a soft-tissue mass in the esophagus
and partial narrowing of the esophageal lumen. The enhanced scan technique showed that all masses were moderately enhanced.
EUS was performed in 8 patients and showed that the
tumors were slightly low echo and were circular or quasicircular in shape. The surrounding esophageal structure
appeared normal for all the lesions. Three cases originated from the mucosa, 2 from the submucosa, and 3 from
the muscularis mucosa. The size of the tumors ranged
from 4 to 11 mm in diameter. In comparison to esophageal leiomyomas, the esophageal GCTs showed slightly
stronger echo. Quantitative gray-scale analysis confirmed
this observation. Photoshop CS2 9.0 analysis of the EUS
images of esophageal GCTs, compared to age-, sex-, sizeand location-matched esophageal leiomyomas, indicated
that the average gray-scale EUS images of esophageal
GCTs were slightly and significantly greater than that of
esophageal leiomyomas. Accordingly, we propose that the
echo of GCTs may be stronger than that of esophageal
leiomyomas.
Histological analysis showed that all tumors were
composed of proliferating cells of slightly ovoid shape
and with abundant eosinophilic granular cytoplasm. The
tumors were PAS-positive. Diastase-resistant granules,
representing lysosomes, were present within the cytoplasm of some cells. Immunohistological study showed
that all the tumors were positive for S-100 and CD68, but
negative for SMA, CD34, p53, GFAP, Ki-67, and CD117
(Figure 2).
No recurrence was observed after endoscopic or sur-

EUS examinations
Patient preparation for EUS examinations was the same
as those for conventional gastroscopy. The EUS equipment was composed of double cavity mirrors (Olympus
GIF-2T 240), a mini-ultrasound probe with 12 mHz frequency, and the ultrasound device (Olympus EU M2000).
Endoscopic specialists performed all operations, diagnoses, and therapeutic interventions.
Esophageal GCTs may be easily misdiagnosed as
leiomyomas using EUS examination. To explore whether
EUS can distinguish the two diseases by computer-aided
image analysis, we compared the average gray-scale and
gray-scale standard deviation of the EUS images for the
two diseases. We selected the lesions with a range of
interest for each of the cases, then determined the average gray-scale and gray standard deviation of the range
of interest and compared the results for the two disease
groups. The image analysis software was Photoshop CS2
9.0. The parameter indices of average gray-scale and gray
standard deviation referred to the nature of echo and
echogenicity, respectively.
Histological analysis
Eight cases underwent endoscopic resection, and the
remaining case underwent surgical excision. The procedures for endoscopic resection of GCTs were the same
as those used for other mucosal-based and submucosal
esophageal lesions. In a case with esophageal GCT originating from the submucosa and having a diameter larger
than 10 mm, the trans-thoracic operation was performed.
The tissue specimens obtained by endoscopic resection or surgical excision were fixed in 10% formalin and
processed for paraffin embedding using standard methods. Sections of 4 mm thickness were stained with hematoxylin and eosin, and observed by light microscopy.
Subsequently, specimens from all cases were stained for
CD68, CD34, Ki-67, smooth muscle actin (SMA), S-100,
GFAP, and p53 using standard immunohistochemistry
techniques.
The criteria for histological diagnoses of GCT were:
the tumor being mainly composed of larger tumor cells
with cytoplasm rich in eosinophilic granules; the tumor
cell morphology showing densely nested or stringy struc-
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Table 1 Clinical characteristics of the patients with esophageal granular cell tumors
Case

Gender

Age

Symptoms

Location

Size (mm × mm)

Originating layer

1
2
3
4
5
6
7
8
9

Female
Female
Male
Female
Male
Male
Female
Male
Male

45
25
41
41
47
50
44
53
32

Upper abdominal distension
Upper abdominal distension
No
Recurrent belching and acid reflux
No
Upper abdominal distension, poor appetite
Abdominal distension and belching
Substernal distension
Upper abdominal distension

Distal
Distal
Distal
Distal
Distal
Distal
Middle
Distal
Middle

5×4
5×4
4×3
5×4
4×2
6×4
5×3
11 × 10
4×3

Undetermined
Submucosa
Muscularis mucosa
Mucosa
Muscularis mucosa
Mucosa
Muscularis mucosa
Submucosa
Mucosa

A

B

D

E

C

Figure 1 Clinical examination of esophageal granular cell tumors and esophageal leiomyomas. A: Conventional gastroscopy showing a representative granular cell tumor (GCT) with white-to-yellow surface color and smooth surface; B: Endoscopic ultrasound (EUS) showing a hypoechoic lesion originating from the mucosa
layer; C: Computed tomography scan showing a soft-tissue mass in the esophagus and partial narrowing of the esophageal lumen; D: Conventional gastroscopy
showed that the leiomyoma had a light pink surface color with smooth surface; E: EUS showing the leiomyoma with a slightly lower echo than the esophageal GCT.

A

B

C

D
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Figure 2 Clinical management and histological chrematistics of esophageal granular cell tumors. A, B: A typical case of
esophageal granular cell tumor treated by endoscopic resection;
C: Histological analysis showing the lesion stained positively for
S-100; D: Histological analysis showing the lesion stained positively for CD68.
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gical resection or during the follow-up period (mean: 36.4
mo, range: 1-72 mo).

case was treated by surgical excision. All the patients were
followed-up with periodic endoscopic examinations, during which no recurrence was detected. Our experience, as
well as that of other treating physicians reported in the
literature, defines endoscopic resection as a safe and effective therapeutic choice for esophageal GCTs[10-12].
In conclusion, GCTs are uncommon esophageal tumors, which are mainly asymptomatic and located in the
distal esophagus of middle-age subjects. Histology remains
the gold standard for diagnosis of esophageal GCTs, while
EUS may also provide important diagnostic information.
Endoscopic resection or surgical excision should be performed due to the potential for malignancy.

DISCUSSION
GCT is a rare type of esophageal submucosal tumor. Its
character of dormant onset lends to the disease being overlooked or misdiagnosed. GCTs are female predominant[4],
and mainly occur in middle-age[5,6]. In the current series of
esophageal GCTs patients, the mean age was 41 years, but
the sex distribution was more equal than in the collected
literature. Since ethnicity may play a role in the development
of GCTs[7], the observed difference in sex distribution may
reflect our patients’ Chinese background. According to the
collected literature, esophageal GCTs primarily occur in the
distal esophagus. Orlowska et al[6] reported that two-thirds
of esophageal GCTs were found in the distal esophagus, with only 20% and 15% in the middle and proximal
esophagus, respectively. Another case series reported
by Goldblum et al[5] showed that 12 of 13 patients had
distal esophageal GCT. Similarly, our case series included
7 cases with GCTs in the distal esophagus, and only 2
cases of GCT in the middle esophagus.
In general, esophageal GCTs are initially observed by
conventional gastroscopy and confirmed by histological analysis. The ability of EUS to show the size, origin,
borders, and echo structure of the submucosal lesion,
has dramatically improved the diagnostic accuracy for
submucosal disorders[8]. However, EUS may still misdiagnose some lesions with similar imaging features, such as
esophageal GCTs and leiomyomas. In the current study,
we applied computer-aided analysis techniques to comparatively analyze the ultrasound images of GCTs and
leiomyomas. Our results showed that the gray value of
esophageal GCTs was slightly, but significantly, greater
than that of esophageal leiomyomas. This suggests that
the EUS echo of esophageal GCTs is higher than that
of leiomyomas, which possibly represents a discriminating feature of esophageal GCTs and leiomyomas. This
feature may aid in the differential analysis of gray values
on EUS images and help to improve the preoperative
diagnostic accuracy of esophageal GCTs and possibly
stimulate ideas for new strategies for earlier diagnosis and
more effective treatment.
GCTs are potential malignant tumors. FanburgSmith et al[9] proposed the first histological criteria for
prospectively diagnosing malignancy in GCTs, which include tumor cell necrosis, tumor cell spindling, increased
nuclear size, large nucleoli, mitotic activity, and nuclear
pleomorphism. Due to the potential for malignancy, endoscopic resection or surgical excision is recommended
for patients with esophageal GCTs. In the current study,
8 cases were treated by endoscopic resection and one
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Successful disintegration, dissolution and drainage of
intracholedochal hematoma by percutaneous transhepatic
intervention
Jian-Jie Qin, Yong-Xiang Xia, Ling Lv, Zhao-Jing Wang, Feng Zhang, Xue-Hao Wang, Bei-Cheng Sun
shown that percutaneous transhepatic manipulation is a
major cause of hemobilia after liver transplantation, but
in our case, percutaneous transhepatic intervention was
used to relieve the biliary obstruction and dissolve the
biliary clot, with a good outcome.
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Abstract

INTRODUCTION

Hemobilia is a rare biliary complication of liver transplantation. The predominant cause of hemobilia is
iatrogenic, and it is often associated with traumatic
operations, such as percutaneous liver intervention,
endoscopic retrograde cholangiopancreatography, cholecystectomy, biliary tract surgery, and liver transplantation. Percutaneous transhepatic cholangiography and
liver biopsy are two major causes of hemobilia in liver
transplant recipients. Hemobilia may also be caused by
coagulation defects. It can form intracholedochal hematomas, causing obstructive jaundice. Herein we describe
a patient with an intracholedochal hematoma resulting
in significant obstructive jaundice after liver transplantation for fulminant hepatic failure. Previous studies have
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Fulminant hepatic failure is a syndrome characterized by
impaired liver function in an acute setting. It is defined
as the onset of hepatic encephalopathy and liver failure
within 8 wk of jaundice[1]. Liver transplantation remains
the exclusive choice of treatment to improve the survival in the majority of patients with fulminant hepatic
failure[2]. Biliary complications following liver transplantation are a major cause of morbidity, but hemobilia is
infrequent[3]. Hemobilia may result in intracholedochal
hematoma, causing obstructive jaundice. The current
report describes a patient with intracholedochal hematoma leading to significant obstructive jaundice after liver
transplantation for fulminant hepatic failure.
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CASE REPORT

Alanine transaminase
Aspartate transaminase

7
Serum transaminase × 10 (U/L)

A 23-year-old female was admitted on July 15, 2010 with
complaints of abdominal pain and distension, accompanied by fever, dark yellow urine, and xanthochromia for
the past three days. The patient had been treated for psoriasis with traditional Chinese medicine for three months
prior to admission. In addition, she had a 16-year history
of hepatitis B virus infection. Despite being a carrier of
the hepatitis B virus, the patient had no history of hepatitis and liver function tests had been normal during the
follow-up.
On physical examination, the patient was conscious,
and her orientation and calculations were normal. Jaundice was evident. The abdomen was slightly distended
and soft, with tenderness and rebound tenderness, and a
shifting dullness test was positive. The serum transaminase and total bilirubin levels were markedly elevated on
admission. The laboratory test results were as follows:
alanine transaminase (ALT), 5190 U/L; aspartate transaminase (AST), 7230 U/L; total bilirubin (TBIL), 142.8
µmol/L; and direct bilirubin (DBIL), 83.3 µmol/L (Figure 1). The prothrombin time (PT) and activated partial
thromboplastin time (APTT) were 26.5 s and 41.5 s, respectively. The international normalized ratio (INR) was
2.39. These results suggested significant impairment of
coagulation function. In addition, serum hepatitis B virus
DNA was present at 4.6 × 107 copies/mL.
The patient was treated with artificial liver support
(ALS)-plasma exchange due to diminished liver function
and impaired coagulation. Although the laboratory indicators improved (Figure 1), hepatic encephalopathy occurred and worsened progressively. Therefore, fulminant
hepatic failure was diagnosed. On July 21, 2010 (post-admission day 7), the patient suffered a coma without pupillary light reflex, although the vital signs were stable. The
patient underwent liver transplantation on July 23, 2010.
A modified piggyback liver transplantation was carried
out, and an end-to-end duct-to-duct anastomosis without
a T-tube was performed to reconstruct the biliary tract.
A continuous 6-0 polydioxanone suture was used for the
posterior wall while interrupted sutures were applied for
the anterior wall. She was maintained on a tacrolimusbased immunosuppressive regimen that included mycophenolate mofetil and glucocorticoid.
The patient regained consciousness on July 25, 2010
[post-transplantation day (PTD) 2]. The liver and coagulation functions were significantly improved. On PTD 4,
the laboratory data were as follows: ALT, 553.8 U/L; AST,
187.4 U/L; TBIL, 58.7 µmol/L; DBIL, 28.5 µmol/L (Figure 1); albumin, 37.2 g/L; PT, 9.2 s; APTT, 21.9 s; INR,
0.83; serum tacrolimus, 12.2 ng/mL; hemoglobin, 100
g/L; and platelet count, 61 × 109/L. Because red blood
cells, plasma, and cryoprecipitate were transfused without
platelets following a massive intra-operative hemorrhage
(approximately 2500 mL), dilutional thrombocytopenia
was diagnosed. Platelets were then transfused to treat the
thrombocytopenia; however, the right leg became edema-
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Figure 1 Laboratory test results of physical examination. A: Blood concentration of transaminases markedly decreased after artificial liver support
(ALS)-plasma exchange, increased after liver transplantation due to ischemia
reperfusion injury, and reached a peak on post-transplantation day 2, then decreased gradually to normal; B: Blood concentration of bilirubin. There are four
marked peaks: bilirubin increased due to fulminant liver failure and decreased
after two ALS-plasma exchanges, forming peaks 1 and 2; bilirubin increased
after liver transplantation due to ischemia reperfusion injury and reached a
peak, forming peak 3; bilirubin increased markedly because of the intracholedochal hematoma and decreased after percutaneous transhepatic intervention, forming peak 4.

tous on PTD 3. Doppler ultrasound revealed a thrombus
in the femoral vein (Figure 2), which was punctured due
to the ALS-plasma exchange. Subsequently, low molecular weight heparin (LMWH) was used to treat the deep
venous thrombosis which relieved the edema, but the
volume of bloody ascites gradually increased. On PTD 5,
the hemoglobin decreased to 77 g/L. Anticoagulation was
therefore discontinued and blood was transfused. However, the jaundice became severe again. On PTD 10, the
TBIL was 281.2 µmol/L, and the DBIL was 154.7 µmol/
L (Figure 1). A computed tomography (CT) scan showed
dilation of the intrahepatic biliary ducts and a huge hematoma below the right lobe of liver (Figure 3A). Therefore,
obstructive jaundice was suspected.
To confirm the diagnosis of obstructive jaundice and
relieve the biliary obstruction, endoscopic retrograde

7123

December 21, 2012|Volume 18|Issue 47|

Qin JJ et al . Percutaneous transhepatic intervention for biliary hematoma

A

of the anastomotic stricture was performed (Figure 4B)
to relieve the stricture (Figure 4C). To avoid the risk of
infection and stenosis of the lumen, the biliary drainage
catheter was replaced with a new catheter (Figure 4D). In
addition, the mycophenolate mofetil was discontinued 6
mo after liver transplantation. The patient was then maintained on immunosuppressive therapy with tacrolimus (3
mg/d). Two weeks later at the second follow-up evaluation, the biliary drainage catheter was removed. During
the one-year follow-up, the patient had no discomfort
and her liver functions remained normal.

B
A.F.S
A.F.S

V.FEM.S

Thrombus
Thrombus
V.P.F

V.FEM.S

V.P.F

DISCUSSION

Figure 2 Doppler ultrasound shows a thrombus in the right femoral vein.
A: Axial plane; B: Sagittal plane. A.F.S.: Superficial femoral artery; V.FEM.S:
Superficial femoral vein; V.P.F: Profound femoral vein.

Biliary complications are a major cause of morbidity in
liver transplant recipients, with an incidence of 10%-30%
and a mortality rate of up to 10%. Biliary leaks and strictures are the most common biliary complications, followed by sphincter of Oddi dysfunction, hemobilia, and
biliary obstruction from stones, sludge, casts, or cystic
duct mucoceles[3]. Hemobilia is defined as bleeding into
the biliary tree. Hemobilia arises when there is communication between a vascular structure and the biliary tree.
The predominant cause of hemobilia is iatrogenic, such
as percutaneous liver intervention, endoscopic retrograde cholangiopancreatography, cholecystectomy, biliary
tract surgery, and liver transplantation[4]. Percutaneous
transhepatic cholangiography and liver biopsy are two
major causes of hemobilia in liver transplant recipients[3].
In addition, coagulation defects may cause hemobilia[5].
Jolobe[6] reported that hemobilia is a possible cause of
jaundice in patients receiving anticoagulants, although
hemobilia after liver transplantation is infrequent[3,4]. The
LMWH used to treat the thrombosis within the right
femoral vein may be the cause of hemobilia in the current case.
The clinical manifestations of hemobilia are determined by the amount and speed of hemorrhage in the
biliary tract. Profuse hemobilia often causes severe symptoms with colicky pain and gastrointestinal hemorrhage.
In contrast, occult bleeding, which is more frequent,
often lacks clinical significance as the blood inconspicuously flows into the intestine. Even if the blood does
coagulate within the ducts, the clots are often promptly
dissolved by the fibrinolytic activity of bile. Sometimes,
the clots may escape dissolution, causing obstructive
jaundice[5]. Sandblom et al[7] constructed a model of the
biliary tract into which blood could be injected. When
hemorrhage is severe and rapid, the blood mixes with
the bile and forms mushy clots; when hemobilia is minor
and slow, it does not mix with the bile, but flows into
the bottom of the system where it forms a solid, pure
clot that is a cast of the lumen. These pure clots remain
stable, whereas the mixed clots dissolve rapidly. Sandblom et al[5,7] also reported that the fate of clots is related
to the bile flow, especially noting that when the clots are
exposed to flowing bile, the dissolution is rapid. Our case
is very interesting because hemobilia occurred with an

cholangiopancreatography was performed, but failed and
caused pancreatitis. So as an alternative, percutaneous
transhepatic intervention was administered on PTD 10.
Cholangiography showed a long intrabiliary filling defect
crossing the strictured biliary anastomosis (Figure 3B). As
fecal occult blood testing was positive, hemobilia leading
to biliary hematoma was suspected. A 0.018-inch diameter micro-guidewire, a 6F sheath, a 0.038-inch diameter
micro-guidewire, and an 8F catheter were manipulated
through the hematoma sequentially, making the hematoma break into pieces, enlarging the contact surface with
flowing bile and making it easy to dissolve. Then the 8F
biliary drainage catheter was placed across the anastomosis with one end opening into the duodenum and the
other end exiting the body (Figure 3C). The amount of
biliary drainage was approximately 400 mL per day, and
the jaundice was markedly relieved 2 d later (TBIL, 114.1
µmol/L; DBIL, 58.9 µmol/L) (Figure 1). The patient recovered well and the jaundice gradually diminished 10 d
after percutaneous transhepatic biliary drainage (PTBD);
when the TBIL was 55.5 µmol/L, the external end of the
biliary drainage catheter was closed. The glucocorticoid
was gradually tapered and discontinued on PTD 30. On
September 14, 2010 (PTD 54), she experienced no more
discomfort and the TBIL was 35.3 µmol/L (Figure 1).
The patient was discharged the next day with the biliary
drainage catheter in situ and the external port closed.
At the first follow-up evaluation on January 29, 2011,
magnetic resonance cholangiopancreatography showed
the intrahepatic biliary ducts were slightly dilated (Figure
3D). A CT scan revealed that the hematoma below the
liver was almost absorbed and the intrahepatic biliary
ducts were slightly dilated (Figure 3E). The liver function
tests were within normal ranges: TBIL, 11.3 µmol/L;
DBIL, 3.5 µmol/L; ALT, 15.0 U/L; AST, 22.1 U/L (Figure 1). The serum tacrolimus was 8.4 ng/mL. Cholangiography was also performed through the biliary drainage
catheter, showing that the intrahepatic biliary ducts were
slightly dilated and that there was a stricture at the site of
the anastomosis (Figure 4A). To prevent a more severe
stricture and obstructive jaundice, a balloon dilatation
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Figure 3 Diagnosis of obstructive jaundice. A: Before percutaneous transhepatic intervention, on computed tomography (CT) scan, intrahepatic biliary ducts are
dilated and a huge hematoma is present below the right lobe of liver; B: Percutaneous transhepatic cholangiography shows a long intrabiliary filling defect (white arrow) crossing the strictured biliary anastomosis (black arrow); C: An 8F biliary drainage catheter was placed across the anastomosis with one end opening into the
duodenum and the other end exiting the body; D: On magnetic resonance cholangiopancreatography, the intrahepatic biliary ducts were slightly dilated at the first
follow-up; E: CT reveals that the hematoma below the liver was almost absorbed and the intrahepatic biliary ducts were slightly dilated at the first follow-up.

abdominal hemorrhage after administration of LMWH,
and the biliary clot and the huge subhepatic hematoma
formed simultaneously after discontinuation of LMWH.
The abdominal hemorrhage was massive, causing the
hemoglobin to decrease sharply. The hemobilia, however,
was minor because there was no evidence of significant
gastrointestinal bleeding.
The principles of managing hemobilia are to resuscitate the patient, control hemorrhage, and maintain biliary
patency. Resuscitation with transfusion must be administered to obtain hemodynamic stability when the hemorrhage is severe and rapid. Additionally, coagulopathies
should be corrected appropriately. When hemorrhage is
active and prolonged, hemostatic interventions should be
considered, including transcatheter arterial embolization
(TAE), percutaneous thrombin injection, and surgery.
TAE is the therapy of choice to achieve hemostasis, with
a success rate of 75%-100%[6]; however, TAE may not
be appropriate in liver transplant patients because it can
cause liver graft dysfunction and biliary ischemia. These
complications are devastating, especially in the early
post-transplantation period. Croutch et al[8] reported that
superselective arterial embolization is a safe treatment
for hemobilia caused by PTBD in liver transplant recipients, and emphasized that it is important to use a microcatheter to achieve precise subselective localization and
embolization, minimize spasm, and avoid occlusion of
noninvolved arterial branches. In spite of this, the cases
were all due to PTBD, which often causes small branches
to bleed into bile ducts. For cases of hemobilia in anasto-
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mosis or due to coagulopathy, TAE may not be appropriate.
If bleeding ceases and a biliary hematoma forms
leading to biliary obstruction, it is important to maintain
biliary patency. If a T-tube or PTBD is in situ, irrigation
may be adequate to relieve obstruction; however, in recent years there has been a shift toward abandoning the
use of T-tubes for biliary tract reconstruction because
some studies have shown that biliary complications are
positively related to T-tubes, such as biliary leakage after
T-tube removal, anastomotic strictures, cholangitis, and
biliary infections[9]. Endoscopic nasobiliary drainage can
also be used to decompress the biliary tract. It has been
reported that endoscopic sphincterotomy with balloon
extraction of clots could be an effective method to treat
biliary clots[4,10]. In addition, thrombolytic agents could be
infused using a nasobiliary catheter to dissolve the biliary
clots[11]. Although the role of surgery is declining in the
management of hemobilia and biliary clots, surgery is still
indicated when non-surgical methods are not effective.
The principles of surgery for hemobilia are to control
the bleeding and clear the biliary tract. Methods involving
ligation of the bleeding vessels, extraction of the biliary
clots, lavage and biliary tract drainage are often used[4,12].
In our case, percutaneous transhepatic intervention
was used to break up the biliary hematoma and relieve bile
stasis. During this intervention, a 0.018-inch diameter micro-guidewire, a 6F sheath, a 0.038-inch diameter microguidewire, and an 8F catheter were manipulated through
the hematoma sequentially, breaking the hematoma up
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B

C

D

Figure 4 Cholangiography was performed through the biliary drainage catheter. A: At the first follow-up, percutaneous
transhepatic cholangiography shows the slightly dilated intrahepatic biliary ducts and a stricture at the site of anastomosis; B:
Balloon dilatation of the anastomotic stricture; C: Anastomotic
stricture was relieved after balloon dilation; D: A new biliary
drainage catheter was placed.

into pieces, enlarging the contact surface with flowing bile
and making it easy to dissolve. Our case provides good
proof of the principles underlying Sandblom’s clinical and
experimental study. Previous studies suggested that percutaneous transhepatic manipulations were major causes
of hemobilia after liver transplantation[3], but in our case,
percutaneous transhepatic intervention was used to relieve the biliary obstruction and dissolve the biliary clot
with a good outcome.
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Abstract
Gastric intramural hematoma is a rare injury of the
stomach, and is most often seen in patients with underlying disease. Such injury following endoscopic therapy is even rarer, and there are no universally accepted
guidelines for its treatment. In this case report, we
describe a gastric intramural hematoma which occurred
within 6 h of endoscopic mucosal resection (EMR).
Past medical history of this patient was negative, and
laboratory examinations revealed normal coagulation
profiles and platelet count. Following EMR, the patient
experienced severe epigastric pain and vomited 150 mL
of gastric contents which were bright red in color. Subsequent emergency endoscopy showed a 4 cm × 5 cm
diverticulum-like defect in the anterior gastric antrum
wall and a 4 cm × 8 cm intramural hematoma adjacent
to the endoscopic submucosal dissection lesion. Following unsatisfactory temporary conservative management, the patient was treated surgically and made a
complete recovery. Retrospectively, one possible reason
for the patient’s condition is that the arterioles in the
submucosa or muscularis may have been damaged
during deep and massive submucosal injection. Thus,
endoscopists should be aware of this potential compli-
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INTRODUCTION
Gastric intramural hematoma is an uncommon disorder.
Previously reported cases were caused by coagulopathy,
trauma, aneurysm, peptic ulcer disease, pancreatitis, endoscopic therapy or spontaneous hematomas[1-3]. However,
gastric intramural hematoma after endoscopic intervention is even rarer. Here, we describe a gastric intramural
hematoma accompanied by severe epigastric pain and
hematemesis which occurred within 6 h of endoscopic
mucosal resection (EMR).

CASE REPORT
A 33-year-old man had dull epigastric pain for 3 mo, and
endoscopy showed a 0.4 cm × 0.5 cm polypoid protrusive lesion in the stomach antrum (Figure 1A). He was
admitted for endoscopic treatment. He had no notewor-
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A

B

Figure 1 Subepithelial tumor in the stomach antrum. A: Endoscopic examination showed a subepithelial tumor in the antrum; B: Endoscopic ultrasonography revealed that the tumor was localized in the mucosal layer.

A

B

Figure 2 Endoscopic mucosal resection. A: After injection of 15 mL saline, the whole nidus was lifted satisfactorily. However, an area of the uplifted mucosal layer
was slightly blue; B: The lesion was successfully removed by high-frequency electrocoagulation, and a white wound was observed.

The operator then slowly injected another 10 mL saline
into the distal lesion until the result was satisfactory (Figure
2A). The lesion was successfully removed by high-frequency electrocoagulation, and a white wound was observed
(Figure 2B). The removed lesion was sent for pathologic
examination which later revealed tubular adenoma and
negative Helicobacter pylori infection (Figure 3). The patient’s
condition was stable after surgery. He received 40 mg
omeprazole intravenously, and walked into the ward.
Half an hour after surgery, the patient experienced
sudden persistent epigastric pain and paroxysmal colic
without nausea or vomiting. He received an injection of
anisodamine. Bedside ultrasonography of the abdomen
did not reveal any apparent abnormalities, and the levels
of serum lipase and amylase were normal. Although his
pain was slightly reduced, he continued to have intermittent upper abdominal pain. Two hours later, he vomited
150 mL of gastric contents which were bright red in
color. After vomiting, his epigastric pain was slightly reduced, and his vital signs were stable. Emergency plain
film of the abdomen (KUB) did not reveal radiological
evidence of a perforated viscus, and emergency endoscopy showed a 4 cm × 5 cm diverticulum-like defect (Figure
4A) on the anterior gastric antrum wall, there was also a
4 cm × 8 cm intramural hematoma on the greater curvature side of the lower gastric body adjacent to the EMR

Figure 3 Pathologic examination revealed that the removed lesion from
the gastric antrum was a tubular adenoma and Helicobacter pylori was
not found.

thy medical history, and laboratory examinations showed
the following: white blood cell count 8.14 × 10 9/L,
hemoglobin 151 g/L, platelet count 206 × 109/L, prothrombin time 9.8 s, and activated partial thromboplastin
time 26.7 s. Endoscopic ultrasonography showed that
the lesion was localized in the mucosal layer (Figure 1B).
Following discussion with the patient and his wife, EMR
was carried out. He was given a submucosal 5-mL saline
injection, and the nidus was not uplifted satisfactorily.
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A

B

Figure 4 Emergency endoscopy. A: A 4 cm × 5 cm diverticulum-like defect in anterior gastric antrum wall; B: A 4 cm × 8 cm intramural hematoma adjacent to the
endoscopic submucosal dissection lesion and active bleeding.

wound, and active bleeding was observed (Figure 4B).
Gastrointestinal decompression was performed. After 4 h
observation, the patient still had intense paroxysmal pain,
and 100 mL of blood was drained from the stomach.
He underwent emergency laparotomy under endoscopic
guidance, and approximately 300 mL intragastric blood
was found. There was a 4 cm × 5 cm × 8 cm intramural
hematoma on the distal anterior gastric wall, and the gastric wall was intact with no evidence of perforation. An
incision was made in the gastric wall, and the hematoma
in the stomach and gastric wall was evacuated manually.
The area of suspicious bleeding in the gastric wall was
sutured, and no source of active bleeding was identified.
The operators sutured the EMR wound, and a subhepatic
drain was inserted.
Recovery was uneventful and the patient was allowed oral intake three days after surgery. There was no
evidence of gastric leak upon commencing diet, and the
subhepatic drain was removed one week later. The patient was well at discharge. At the one-year follow-up, he
was well and without complications.

coagulation profiles and platelet count.
It is well known that there are few blood vessels in
the gastric mucosal layer, while the submucosa and muscularis contain many blood vessels. Before lesion excision, ESD or EMR operators should inject hypertonic
saline mixed with methylene blue around the lesion, to
lift the lesion and completely separate the mucosal layer
and muscularis. Thus, the wound would be confined to
the submucosa, the muscularis would not be damaged,
and complications would be very infrequent. In our case,
the probable reasons for gastric intramural hematoma
were that the very deep submucosal injection (retrospectively, lifting of the mucosal layer was slightly unsatisfactory, and the muscularis may have been injected), massive submucosal injection (15 mL), and arterioles in the
submucosa or muscularis may have been damaged during
submucosal injection. The blood from the damaged arterioles was confined between the submucosa and muscularis and formed a hematoma. As the hematoma grew,
the mucosal layer was torn and the patient experienced
epigastric pain. As the pressure increased, blood entered
the gastric cavity from the EMR wound, and the patient
vomited bright red gastric contents.
There is no established standard therapy for gastric
intramural hematoma. In previous reports, most patients
recovered following conservative management; however,
surgery or arterial embolization may be necessary, depending on the patient’s status[1,3]. Although there was no
radiographic evidence of perforation in our patient, he
had severe epigastric pain and vomited blood. In order
to avoid serious complications, a laparotomy was selected
instead of conservative treatment in this patient.
Reported cases of gastrointestinal intramural hematoma following endoscopic procedures are very few and
mostly confined to the esophagus[5]. This type of gastric
intramural hematoma is extremely rare, however, several
authors have reported the incidence of gastric intramural hematoma following endoscopic therapy[3,4,6]. Gastric
intramural hematoma is dangerous, and can cause misery
for the sufferer. When carrying out endoscopic procedures, endoscopists should be aware of this potential
complication. In addition, endoscopists should improve

DISCUSSION
Recently, EMR and endoscopic submucosal dissection
(ESD) have been widely used. The most common complications of these endoscopic techniques are bleeding
and perforation. Intraoperative and postoperative gastric
intramural hematomas are clinically rare. EMR and ESD
have been used in our hospital for 5 years, and this is the
first case of postoperative gastric intramural hematoma.
To date, there is only one reported case of intraoperative gastric intramural hematoma, which occurred during
ESD[4].
The pathological changes related to hematoma are
damaged vessels and blood is confined to the space
around the vessels. In previously reported cases, gastric
intramural hematomas can result from coagulopathy,
trauma, aneurysm, peptic ulcer disease, pancreatitis,
repeated vomiting or spontaneous hematomas[1,2]. However, the past medical history of our patient was entirely
negative, and laboratory examinations showed normal
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the level of surgery, especially the skills required for submucosal injection.
4

REFERENCES
1

2
3

Imaizumi H, Mitsuhashi T, Hirata M, Aizaki T, Nishimaki
H, Soma K, Ohwada T, Saigenji K. A giant intramural gastric
hematoma successfully treated by transcatheter arterial embolization. Intern Med 2000; 39: 231-234
Dhawan V, Mohamed A, Fedorak RN. Gastric intramural
hematoma: a case report and literature review. Can J Gastroenterol 2009; 23: 19-22
Keum B, Chun HJ, Seo YS, Kim YS, Jeen YT, Lee HS, Um

5
6

SH, Kim CD, Ryu HS. Gastric intramural hematoma caused
by argon plasma coagulation: treated with endoscopic incision and drainage (with videos). Gastrointest Endosc 2012; 75:
918-919
Yang CW, Yen HH. Large gastric intramural hematoma:
unusual complication of endoscopic submucosal dissection.
Endoscopy 2011; 43 Suppl 2 UCTN: E240
Lukman MR, Jasmi AY, Niza SS. Massive dissecting intramural duodenal haematoma following endoscopic haemostasis of a bleeding duodenal ulcer. Asian J Surg 2006; 29: 98-100
Sadio A, Peixoto P, Cancela E, Castanheira A, Marques V,
Ministro P, Silva A, Caldas A. Intramural hematoma: a rare
complication of endoscopic injection therapy for bleeding
peptic ulcers. Endoscopy 2011; 43 Suppl 2 UCTN: E141-E142
S- Editor Song XX L- Editor A E- Editor Zhang DN

WJG|www.wjgnet.com

7130

December 21, 2012|Volume 18|Issue 47|

World J Gastroenterol 2012 December 21; 18(47): I
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
www.wjgnet.com

© 2012 Baishideng. All rights reserved.

ACKNOWLEDGMENTS

Acknowledgments to reviewers of World Journal of
Gastroenterology
We acknowledge our sincere thanks to our reviewers.
Many reviewers have contributed their expertise and
time to the peer review, a critical process to ensure the
quality of our World Series Journals. Both the editors of
the journals and authors of the manuscripts submitted
to the journals are grateful to the following reviewers for
reviewing the articles (either published or rejected) over
the past period of time.

Endo-vascular Surgery, Johann Wolfgang Goethe Universität
Frankfurt, Theodor-Stern-Kai 7, 60590 Frankfurt am Main,
Germany

Fernando Azpiroz, MD, Digestive System Research Unit,
University Hospital Vall d’Hebron, Paseo Vall d’Hebron, 119-129,
08035 Barcelona, Spain

Eric CH Lai, MB, ChB (CUHK), MRCS (Ed), FRACS, FCSHK,
FHKAM (Surgery), Department of Surgery, Pamela Youde
Nethersole Eastern Hospital, 3 Lok Man Road, Chai Wan, Hong
Kong, China

Jorg Kleeff, MD, Consultant Surgeon, Department of Surgery,
Klinikum rechts der Isar, Technical University of Munich,
Ismaninger Str. 22, 81675 Munich, Germany
Takashi Kobayashi, MD, PhD, Department of Surgery, Showa
General Hospital, 2-450 Tenjincho, Kodaira, Tokyo 187-8510, Japan

Guglielmo Borgia, MD, Professor, Public Medicine and Social
Security, University of Naples “Federico II”, Malattie Infettive (Ed.
18) via S. Pansini, 5, I-80131 Naples, Italy

Patrick Marcellin, MD, PhD, Head of the Team “Physio
pathology and Treatment of Viral Hepatitis”, Service d'Hépatologie
and INSERM U773-CRB3 (Research Biomedical Bichat-Beaujon
Centre), Hôpital Beaujon, Assistance Publique-Hôpitaux de Paris,
92110 Clichy, Paris, France

Giovanni D De Palma, Professor, Department of Surgery and
Advanced Technologies, University of Naples “Federico II”, School
of Medicine, 80131 Naples, Italy
Ted Dinan, Professor, Department of Psychiatry, Cork University
Hospital, Wilton, Cork, C1, Ireland

Javier San Martín, Chief, Gastroenterology and Endoscopy,
Sanatorio Cantegril, Av. Roosevelt y P 13, Punta del Este 20100,
Uruguay

Tsianos Epameinondas, MD, PhD, Professor, 1st Division of
Internal Medicine and Hepato-Gastroenterology Unit, Medical
school University of Ioannina, PO Box 1186, Ioannina 45110,
Greece

Toshihiro Mitaka, MD, PhD, Professor, Department of
Pathophysiology, Cancer Research Institute, Sapporo Medical
University School of Medicine, South-1, West-17, Chuo-ku,
Sapporo 060-8556, Japan

Giammarco Fava, MD, Department of Gastroenterology, Az
ienda Ospedaliero-Universitaria "Ospedali Riuniti" 60129 Ancona,
Italy

Yuji Naito, Professor, Kyoto Prefectural University of Medicine,
Kamigyo-ku, Kyoto 602-8566, Japan
Frank G Schaap, PhD, Tytgat Institute for Liver and Intestinal
Research, Academic Medical Center, Meibergdreef 69-71, 1105 BK
Amsterdam, The Netherlands

Maria Concepción Gutiérrez-Ruiz, PhD, Department of Health
Sciences, Universidad Autónoma Metropolitana-Iztapalapa, DCBS,
Av San Rafael Atlixco 186, Colonia Vicentina, México City, DF
09340, México

Dr. Rene Schmidt, MD, Department of Anesthesiology, Freiburg
University Medical Center, Hugstetter Strasse 55, 79106 Freiburg,
Germany

Kazuhiro Hanazaki, MD, Professor and Chairman, Department of Surgery, Kochi Medical School, Kochi University, Kohasu,
Okohcho, Nankoku, Kochi 783-8505, Japan

Liang-Shun Wang, MD, Professor, Vice-Superintendent, Shuang-Ho Hospital, Taipei Medical University, No. 291, Jhongjheng
Rd., Jhonghe City, New Taipei City 237, Taiwan, China

Kevin Cheng-Wen Hsiao, MD, Assistant Professor, Colon
and Rectal Surgery, Tri-Service General Hospital, No. 325, Sec. 2,
Cheng-Kung Rd, Nei-Hu district, Taipei 114, Taiwan, China

C Chris Yun, PhD, Associate Professor, Division of Digestive
Diseases, Department of Medicine, Whitehead Bldg. Suite 201, 615
Michael St, Atlanta, GA 30322, United States

Michael Keese, Associate Professor, Clinic For Vascular and

WJG|www.wjgnet.com



December 21, 2012|Volume 18|Issue 47|

World J Gastroenterol 2012 December 21; 18(47): I
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
www.wjgnet.com

© 2012 Baishideng. All rights reserved.

MEETINGS
Events Calendar 2012
January 13-15, 2012
Asian Pacific Helicobacter pylori
Meeting 2012
Kuala Lumpur, Malaysia
January 19-21, 2012
American Society of Clinical
Oncology 2012 Gastrointestinal
Cancers Symposium
San Francisco, CA 3000,
United States
January 19-21, 2012
2012 Gastrointestinal Cancers
Symposium
San Francisco, CA 94103,
United States
January 20-21, 2012
American Gastroenterological
Association Clinical Congress of
Gastroenterology and Hepatology
Miami Beach, FL 33141,
United States

March 12-14, 2012
World Congress on
Gastroenterology and Urology
Omaha, NE 68197, United States

May 17-21, 2012
2012 ASCRS Annual MeetingAmerican Society of Colon and
Rectal Surgeons
Hollywood, FL 1300, United States

March 31-April 1, 2012
27th Annual New Treatments in
Chronic Liver Disease
San Diego, CA 92121, United States

April 13-15, 2012
Asian Oncology Summit 2012
Singapore, Singapore

March 7-10, 2012
Society of American Gastrointestinal
and Endoscopic Surgeons Annual
Meeting
San Diego, CA 92121, United States

May 7-10, 2012
Digestive Diseases Week
Chicago, IL 60601, United States

March 30-April 2, 2012
Mayo Clinic Gastroenterology and
Hepatology
San Antonio, TX 78249,
United States

February 16-17, 2012
4th United Kingdom Swallowing
Research Group Conference
London, United Kingdom

March 1-3, 2012
International Conference on
Nutrition and Growth 2012
Paris, France

May 3-5, 2012
9th Congress of The Jordanian
Society of Gastroenterology
Amman, Jordan

March 26-27, 2012
26th Annual New Treatments in
Chronic Liver Disease
San Diego, CA 92121, United States

April 8-10, 2012
9th International Symposium on
Functional GI Disorders
Milwaukee, WI 53202, United States

February 24-27, 2012
Canadian Digestive Diseases Week
2012
Montreal, Canada

April 28, 2012
Issues in Pediatric Oncology
Kiev, Ukraine

March 17-20, 2012
Mayo Clinic Gastroenterology and
Hepatology
Orlando, FL 32808, United States

February 3, 2012
The Future of Obesity Treatment
London, United Kingdom

February 23, 2012
Management of Barretts
Oesophagus: Everything you need
to know
Cambridge, United Kingdom

Meeting
Madrid, Spain

May 18-19, 2012
Pancreas Club Meeting
San Diego, CA 92101, United States
May 18-23, 2012
SGNA: Society of Gastroenterology
Nurses and Associates Annual
Course
Phoenix, AZ 85001, United States
May 19-22, 2012
2012-Digestive Disease Week
San Diego, CA 92121, United States

April 15-17, 2012
European Multidisciplinary
Colorectal Cancer Congress 2012
Prague, Czech

June 2-6, 2012
American Society of Colon and
Rectal Surgeons Annual Meeting
San Antonio, TX 78249,
United States

April 18-20, 2012
The International Liver Congress
2012
Barcelona, Spain

June 18-21, 2012
Pancreatic Cancer: Progress and
Challenges
Lake Tahoe, NV 89101, United States

April 19-21, 2012
Internal Medicine 2012
New Orleans, LA 70166,
United States

July 25-26, 2012
PancreasFest 2012
Pittsburgh, PA 15260, United States

April 20-22, 2012
Diffuse Small Bowel and Liver
Diseases
Melbourne, Australia

September 1-4, 2012
OESO 11th World Conference
Como, Italy

April 22-24, 2012
EUROSON 2012 EFSUMB Annual

WJG|www.wjgnet.com

September 6-8, 2012
2012 Joint International



Neurogastroenterology and Motility
Meeting
Bologna, Italy
September 7-9, 2012
The Viral Hepatitis Congress
Frankfurt, Germany
September 8-9, 2012
New Advances in Inflammatory
Bowel Disease
La Jolla, CA 92093, United States
September 8-9, 2012
Florida Gastroenterologic Society
2012 Annual Meeting
Boca Raton, FL 33498, United States
September 15-16, 2012
Current Problems of
Gastroenterology and Abdominal
Surgery
Kiev, Ukraine
September 20-22, 2012
1st World Congress on Controversies
in the Management of Viral Hepatitis
Prague, Czech
October 19-24, 2012
American College of
Gastroenterology 77th Annual
Scientific Meeting and Postgraduate
Course
Las Vegas, NV 89085, United States
November 3-4, 2012
Modern Technologies in
Diagnosis and Treatment of
Gastroenterological Patients
Dnepropetrovsk, Ukraine
November 4-8, 2012
The Liver Meeting
San Francisco, CA 94101,
United States
November 9-13, 2012
American Association for the Study
of Liver Diseases
Boston, MA 02298, United States
December 1-4, 2012
Advances in Inflammatory Bowel
Diseases
Hollywood, FL 33028, United States

December 21, 2012|Volume 18|Issue 47|

World J Gastroenterol 2012 December 21; 18(47): I-VI
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
www.wjgnet.com

© 2012 Baishideng. All rights reserved.

INSTRUCTIONS TO AUTHORS
evidence and correct conclusion; and (4) Maximization of the benefits of employees: It is an iron law that a first-class journal is unable to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in
an open, fair and transparent environment, could contribute their
wisdom to edit and publish high-quality articles, thereby realizing the maximization of the personal benefits of editorial board
members, authors and readers, and yielding the greatest social and
economic benefits.

GENERAL INFORMATION

World Journal of Gastroenterology (World J Gastroenterol, WJG, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
weekly, open-access (OA), peer-reviewed journal supported by an
editorial board of 1352 experts in gastroenterology and hepatology from 64 countries.
The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle
that traditional journals possess and usually delays the speed
of the propagation and communication of scientific research
results. The open access model has been proven to be a true approach that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.

Aims and scope
The major task of WJG is to report rapidly the most recent results in basic and clinical research on esophageal, gastrointestinal,
liver, pancreas and biliary tract diseases, Helicobacter pylori, endoscopy and gastrointestinal surgery, including: gastroesophageal
reflux disease, gastrointestinal bleeding, infection and tumors;
gastric and duodenal disorders; intestinal inflammation, microflora and immunity; celiac disease, dyspepsia and nutrition; viral
hepatitis, portal hypertension, liver fibrosis, liver cirrhosis, liver
transplantation, and metabolic liver disease; molecular and cell
biology; geriatric and pediatric gastroenterology; diagnosis and
screening, imaging and advanced technology.

Maximization of personal benefits
The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist, and build an important bridge for communication between
scientists and the public. As we all know, the significance of the
publication of scientific articles lies not only in disseminating and
communicating innovative scientific achievements and academic
views, as well as promoting the application of scientific achievements, but also in formally recognizing the “priority” and “copyright” of innovative achievements published, as well as evaluating
research performance and academic levels. So, to realize these
desired attributes of WJG and create a well-recognized journal, the
following four types of personal benefits should be maximized.
The maximization of personal benefits refers to the pursuit of the
maximum personal benefits in a well-considered optimal manner
without violation of the laws, ethical rules and the benefits of others. (1) Maximization of the benefits of editorial board members:
The primary task of editorial board members is to give a peer review of an unpublished scientific article via online office system to
evaluate its innovativeness, scientific and practical values and determine whether it should be published or not. During peer review,
editorial board members can also obtain cutting-edge information
in that field at first hand. As leaders in their field, they have priority to be invited to write articles and publish commentary articles.
We will put peer reviewers’ names and affiliations along with the
article they reviewed in the journal to acknowledge their contribution; (2) Maximization of the benefits of authors: Since WJG is
an open-access journal, readers around the world can immediately
download and read, free of charge, high-quality, peer-reviewed
articles from WJG official website, thereby realizing the goals and
significance of the communication between authors and peers as
well as public reading; (3) Maximization of the benefits of readers:
Readers can read or use, free of charge, high-quality peer-reviewed
articles without any limits, and cite the arguments, viewpoints,
concepts, theories, methods, results, conclusion or facts and data
of pertinent literature so as to validate the innovativeness, scientific
and practical values of their own research achievements, thus ensuring that their articles have novel arguments or viewpoints, solid
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must provide relevant data to illustrate how they were obtained,
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(no more than 26 words).
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be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
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Text
For articles of these sections, original articles and brief articles, the main text should be structured into the following sections: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm.

cording to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability[1,2]”. If references are cited
directly in the text, they should be put together within the text, for
example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should be
used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself.
File names should identify the figure and panel. Avoid layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the printed and E-versions.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be
used in E-version of this journal.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.
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Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).

Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic
numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
Examples for paper writing
Editorial: http://www.wjgnet.com/1007-9327/g_info_20100315
220036.htm
Frontier: http://www.wjgnet.com/1007-9327/g_info_20100315
220305.htm
Topic highlight: http://www.wjgnet.com/1007-9327/g_info_20
100315220601.htm
Observation: http://www.wjgnet.com/1007-9327/g_info_201003
12232427.htm
Guidelines for basic research: http://www.wjgnet.com/1007-93
27/g_info_20100315220730.htm
Guidelines for clinical practice: http://www.wjgnet.com/10079327/g_info_20100315221301.htm
Review: http://www.wjgnet.com/1007-9327/g_info_20100315
221554.htm
Original articles: http://www.wjgnet.com/1007-9327/g_info_20
100315221814.htm

Statistical data
Write as mean ± SD or mean ± SE.
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Case report: http://www.wjgnet.com/1007-9327/g_info_2010
0315221946.htm

com/1007-9327/g_info_20100315222607.htm.
Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Letters to the editor: http://www.wjgnet.com/1007-9327/g_info_
20100315222254.htm
Book reviews: http://www.wjgnet.com/1007-9327/g_info_2010
0312231947.htm

Links to documents related to the manuscript
WJG will be initiating a platform to promote dynamic interactions between the editors, peer reviewers, readers and authors.
After a manuscript is published online, links to the PDF version
of the submitted manuscript, the peer-reviewers’ report and the
revised manuscript will be put on-line. Readers can make comments on the peer reviewer’s report, authors’ responses to peer
reviewers, and the revised manuscript. We hope that authors will
benefit from this feedback and be able to revise the manuscript
accordingly in a timely manner.

Guidelines: http://www.wjgnet.com/1007-9327/g_info_2010
0312232134.htm

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade B certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

Science news releases
Authors of accepted original articles are suggested to write science
news to promote their articles. The news will be released rapidly at
EurekAlert/AAAS (http://www.eurekalert.org). The title for science news should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news should be lawful, ethical, and strictly based on your original
content with an attractive title and interesting pictures.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A or B.

Publication fee
WJG is an international, peer-reviewed, Open-Access, online journal. Articles published by this journal are distributed under the
terms of the Creative Commons Attribution Non-commercial
License, which permits use, distribution, and reproduction in any
medium, provided the original work is properly cited, the use is
non commercial and is otherwise in compliance with the license.
Authors of accepted articles must pay a publication fee. The
related standards are as follows. Publication fee: 1365 USD per
article. Editorial, topic highlights, book reviews and letters to the
editor are published free of charge.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
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INTRODUCTION

Abstract

Colorectal cancer is one of the most commonly diagnosed cancers in developed countries and it is ranked
as the second leading cause of death among cancer patients[1]. The majority of these cases is sporadic and develops from a precursor lesion, the adenomatous polyp.
At the diagnosis, colorectal cancer is localized to the
colon (Dukes A and B stages) in 54% of cases, while it
is metastatic to lymph nodes and distant organs (Dukes
C and D stages) in the remaining 46%. The survival data
demonstrate that the prognosis depends on the severity of the disease: around 80% of patients have long
term survival with node negative disease (Dukes A and
B stages), this percentage drop to 4% for 5-year survival
in patients with metastases (Dukes D stage)[2]. The liver
is the most frequent metastatic site of colorectal cancer,
and the complete surgical resection of isolated metastases in this organ has been shown to improve disease outcomes[3]. Unfortunately, this therapeutic procedure does
not avoid a high rate of metastasis recurrence within the

Despite the advent of improved surgical techniques
and the development of cytotoxic chemotherapeutic
agents useful for the treatment of colorectal cancer,
the primary clinical challenge remains that of preventing and combating metastatic spread. Surgical resection is the best treatment for colorectal metastases
isolated to the liver. However, in rodent models, the
hepatic ischemia-reperfusion (I/R) applied during the
surgery accelerates the outgrowth of implanted tumors. Among the adverse effects of I/R on cellular
function, several studies have demonstrated an over
expression of the matrix metalloproteinase-9 (MMP-9)
in the ischemic liver. Since several studies showed high
local levels of expression and activity of this proteolytic
enzyme in the primary colorectal adenocarcinoma, the
role of MMP-9 might be considered as a potential common mediator, favoring both growth of local tumor and
the dissemination of colorectal carcinoma metastases.
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nation of metastasis[11]. Likewise, this gelatinase might also
degrade different matrix substrates including collagen type
Ⅰ, Ⅴ, Ⅶ, Ⅹ and ⅩⅠ, elastin, fibronectin and laminin.
In addition to these extracellular membrane components,
MMP-9 cleaves different bioactive molecules, such as
growth factors, cytokines, chemokines and also proMMPs (pro-MMP-2, pro-MMP-9 and pro-MMP13) and
contributes to transform these molecules into their active
forms[12]. Various leukocyte subsets (including neutrophils,
monocytes/macrophages and T lymphocytes) produce
and release MMP-9.
Although MMP-9 is virtually absent in native livers, it
is highly expressed in damaged livers after I/R injury[13].
Its role has been investigated by Hamada and coworkers [14], using MMP-9 deficient mice and mice treated
with a specific neutralizing anti-MMP9 antibody. The
authors demonstrated that, when MMP-9 is inhibited,
mice were characterized by significant improvement in
liver preservation outcomes. This beneficial effect (in
both MMP-9 knockout and neutralizing antibody-treated
mice) was also associated with a reduction of leukocyte
recruitment and cytokine expression within this organ[14].
Finally, in a next important step, Nicoud and coworkers
demonstrated a direct relationship between the hepatic
I/R-induced elevations in MMP-9 and the growth of
metastatic colorectal carcinoma[15]. To achieve this goal,
they have subjected mice to hepatic ischemia after tumor
cell injection and treated them with or without doxycycline (a broad-spectrum MMP inhibitor). Mice subjected
to 30 min of 70% liver ischemia at the time of the tumor inoculation developed significantly larger tumor
(expressed as number and volume), and, concomitantly,
they were characterized by elevated MMP-9 levels in the
systemic circulation and within liver. Accordingly, treatment with the MMP inhibitor strongly reduced the number and volume of the colorectal carcinoma metastasis
in the liver. These results indicate that the inhibition of
MMP-9 after the hepatic surgical resection of colorectal
carcinoma metastases might be clinically relevant to prevent tumor relapse.

liver. Experimental evidence accumulated over the last
two decades has suggested the association between the
increase risk of metastatic relapse and their surgical resection in the liver. Indeed, besides the presence of residual
or dormant malignant cells, the blood loss incurred during the operation disseminates colon cancer cells into the
peripheral blood[4]. In order to limit the blood loss during
the parenchymal resection, surgeons occlude the inflow
of blood to the liver.

HEPATIC ISCHEMIA-REPERFUSION
INJURY
However, hepatic ischemia-reperfusion (I/R) is an additional and strong stimulus that promotes the outgrowth
of micrometastases in the liver[5]. Local response to I/R
is quite complex, but it can be classified into two distinct
phases. The acute hepatocellular injury is caused by reactive oxygen species, intracellular and mitochondrial Ca2+
overload, complement activation and release of cytotoxic cytokines, and is reflected by a rise in plasma liver
enzymes. The late phase is characterized by neutrophil
infiltration causing further damage to the parenchyma,
mainly through a protease-dependent pathway[6,7].
In a mouse model of colorectal liver metastases, van
der Bilt and colleagues have demonstrated that intermittent clamping prevents both early and late hepatocellular
damage and I/R-accelerated tumor growth [8]. These
results might be associated with the reduction of neutrophil infiltration in the parenchyma, which contributes to
tumor growth by producing proliferation and angiogenesis-stimulating factors and cytokines[8].

METALLOPROTEINASE 9 AND
COLORECTAL CANCER
Numerous publications have demonstrated that the disease progression in animal models of tissue invasion and
metastasis correlate with enhanced secretion of MMPs by
tumor and/or stromal cells. Indeed, the metastatic cascade
is characterized by the stromal invasion, “intravasation”
of the circulatory system at the primary site, “extravasation” at the secondary site and outgrowth of new tumors.
These progressive steps require degradation of the extracellular matrix components by proteolytic enzymes,
such as matrix metalloproteinases (MMPs)[9]. Increased
expression of various isoforms (MMP-1, -2, -3, -7, -9, -12,
-13) has been also related with the pathophysiology of the
transformation of human neoplastic colorectal mucosa
to adenomatous polyps, invasive colorectal cancers, and
metastases[10]. Among different MMPs, MMP-9 is of particular interest. Indeed, MMP-9 (also known as gelatinase
B) is the main enzyme responsible for the degradation
of type Ⅳ collagen (a major component of basement
membranes) and the denatured collagens (gelatins). Importantly, this capacity of MMP-9 has been previously
associated with colorectal cancer progression and dissemi-

WJG|www.wjgnet.com

CONCLUSION
In summary, these studies have provided important
and novel insights on the pivotal role of MMP-9 in the
hepatic growth of colorectal carcinoma metastases. Furthermore, a therapeutic strategy targeting the early inhibition of MMP-9 might be a very promising approach
to reduce the hepatic metastasis relapse following surgical manipulation of the liver. These preliminary results
from basic research also represent a relevant input for
developing more selective pharmacological inhibitors of
MMP-9 to be tested in vivo in animal models of hepatic
cancer dissemination. Although clinical studies investigating the role of MMP-9 in human beings are still
lacking, these animal studies might suggest the scientific
rationale for future applications targeting MMP-9 activity and expression in cancer care and prevention.
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REVIEW

Carcinoma of the gastroesophageal junction in Chinese
patients
Qin Huang
from those studies suggests: (1) both BE and EA are
uncommon in the Chinese population; (2) almost all
GEJ cancers in Chinese arise in the proximal stomach
and show the features of proximal gastric cancer, not
those of EA; (3) application of the new cancer staging
rule to GEJ cancer of Chinese patients cannot stratify
patients’ prognosis effectively; and (4) prognostic
factors of GEJ cancer in Chinese are similar, but not
identical, to those of EA. In conclusion, the recent evidence suggests that GEJ cancer in Chinese shows distinct clinicopathologic characteristics that are different
from EA. Further investigations in molecular pathology
may help illustrate the underlying pathogenesis mechanisms of this cancer in Chinese patients and better
manage patients with this fatal disease.
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Abstract
Carcinoma of the gastroesophageal junction (GEJ)
is defined as carcinoma that crosses the GEJ line, irrespective of where the tumor epicenter is located.
This group of cancer is rare but controversial. Based
on study results from the majority of epidemiologic
and clinicopathologic investigations carried out in
Western countries, this cancer is believed to arise
from Barrett’s esophagus (BE) and includes both distal
esophageal and proximal gastric carcinomas because
of similar characteristics in epidemiology, clinicopathology, and molecular pathobiology in relation to BE. As
such, the most recent American Joint Committee on
Cancer staging manual requires staging all GEJ carcinomas with the rule for esophageal adenocarcinoma
(EA). This mandate has been challenged recently
by the data from several studies carried out mainly
in Chinese patients. The emerging evidence derived
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INTRODUCTION
Carcinomas of the gastroesophageal junction (GEJ) is
defined by the World Health Organization (WHO) as tu-
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mors “that cross the oesophagogastric junction... regardless of where the bulk of the tumours lies”[1]. Therefore,
this cancer may arise from the distal esophagus, grow
downward, cross the GEJ line, and invade the proximal
stomach, or originate from the proximal stomach, grow
upward, and invade the distal esophagus. For better surgical management of patients, Siewert and Stein classify
this cancer into 3 types: Type Ⅰ cancer shows epicenter
in the distal esophagus 1-5 cm above the GEJ; Type
Ⅲ cancer centers within the proximal stomach 2-5 cm
below the GEJ; and Type Ⅱ tumor straddles the GEJ
within a 3-cm longitudinal spread of 1 cm above and 2
cm below the GEJ[2-4].
At present, the underlying mechanisms of tumorigenesis for this uncommon cancer are poorly understood[5-7]. Several investigators from Western countries
believe adenocarcinoma of the proximal stomach, i.e.,
gastric cardiac carcinoma, to be similar, or even identical,
to Barrett’s esophagus (BE)-associated distal esophageal
adenocarcinoma (EA) on the basis of comparable characteristics in epidemiology[8-14], clinical presentations[15-23],
molecular pathobiology [24], and histopathology[17,25-27].
This notion has been adopted by the American Joint
Committee on Cancer that published the 7th edition of
the cancer staging manual (AJCC 7) in 2009, requiring
staging all GEJ cancers with the rule for EA[28].
Over the past decade, a growing body of evidence
has been published on epidemiology[29-31] and clinicopathology[32-36] of GEJ carcinoma in Chinese patients with
the standardized criteria. The emerging data suggest that
GEJ carcinoma in Chinese is heterogeneous in histology and shows clinicopathologic features different from
those of EA. This article critically reviews the most
recent evidence on this fatal cancer in Chinese patients
with the intention to promote clinical research and to
better manage Chinese patients with this cancer.

low prevalence rate, BE in most Chinese subjects is in
the short- or ultra-short segment, i.e., shorter than 3
cm in the longitudinal length[40,46-49]. Chen et al[49] studied
4120 qualified BE cases in a meta analysis of 308 original research articles published over the period from 1997
to 2007. They reported overwhelming BE cases (78%)
in the short-segment and most in tongue- and islandlike endoscopic mucosal lesion patterns (78%). The long
segment BE is infrequent and has not been reported
in Chinese women. In a histopathology study of distal
esophageal mucosa in patients with proximal gastric carcinoma, Sun et al[50] reported the finding of columnarlined esophagus in up to 65% of the cases, 97% of
which was confined within 1 cm above the GEJ line.
Similarly, EA remains rare in the Chinese population[51-57], unlike that in patients from the West where
the incidence of EA has been rapidly rising in the most
recent years and EA has outnumbered esophageal squamous cell carcinoma[58,59]. A population-based epidemiology study carried out in Taiwan over a 25-year period
from 1979 to 2003 showed a steadily increasing trend for
esophageal squamous cell carcinoma but not for EA[60].
In another study in Hong Kong, investigators even reported a decreasing trend for EA over a 20-year period
from 1984 to 2003[31]. Among 10 751 new esophageal
cancer cases reported to the Hong Kong Cancer Registry, the number of EA cases decreased from 224 in 1984
to 1988 to 131 in 1998 to 2003, a dramatic drop of over
40% in incidence[31].
By histopathology, investigators from a major tertiary
medical center in Taiwan did not find a single case of
EA over a 20-year period from 1987 to 2007[35]. Most
recently, armed with the WHO diagnostic criteria[1] and
the recently defined histological definition of the GEJ
line[61,62], pathologists in Nanjing studied histopathologic
features of consecutive 206 radical resections of tumors
in the distal esophagus in a homogenous Chinese population and identified only 2 (1%) cases of true EA[34]. In
that study, esophageal squamous cell carcinoma stays
predominant[34].
These clinical study data suggest that BE-related diseases including EA remain uncommon in the Chinese
population in the most recent years and may not be the
source of their GEJ cancer[63].

BE AND DISTAL EA REMAIN SCARCE IN
CHINESE
Several recent population-based studies using the BE
diagnostic criteria of the American Gastroenterology
Association show a very low frequency of BE in the
Chinese population [29,37-43]. In 2008, Tseng et al [29] reported a frequency of 0.28% of patients with columnarlined esophagus out of 19 810 consecutive subjects at
annual health check-up with upper endoscopy. By histology, among those with columnar-lined esophagus only
12 subjects had intestinal metaplasia and were qualified
as BE patients, rendering a prevalence rate of 0.06% in
the general population[29]. In referral patients for upper
endoscopy, Kuo et al[30] reported only 1.8% of BE cases
from 735 consecutive subjects. Similar results were also
described in another upper endoscopy study of 5179 patients with a prevalence rate of BE at 1% and 0.35% for
referral and screening cases at annual health check-up.
These results have been repeatedly confirmed by several
other endoscopy studies[40-42,44,45]. In addition to this very
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CLINICOPATHOLOGIC FEATURES ARE
NOT THOSE OF EA
To answer the question as to where GEJ cancer in Chinese patients arises and what clinicopathologic differences in this cancer between Chinese and Westerners could
be, a recent comparison study on clinicopathologic features of GEJ cancer with the WHO diagnostic criteria
was conducted between Chinese patients treated in Nanjing, China, and American patients treated in Boston, the
United States[33]. The researchers reported remarkable
differences in almost all clinicopathologic characteristics of GEJ cancer between these two different ethnic
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patient populations. In general, Chinese patients were
6-year younger, more in the female gender, and presented with tumors 1.5 cm larger in size. Their tumors
were all centered in the proximal stomach and heterogeneous in histology with substantial proportions of the
cases showing uncommon types such as adenosquamous
cell carcinoma, neuroendocrine carcinoma, and pancreatic acinar-like adenocarcinoma[32,33,64]. In contrast in
American patients, almost all tumors were centered in
the distal esophagus and homogeneous as EA in histology[33]. As to the peri-tumor mucosal diseases in Chinese
patients, although distal esophageal columnar metaplasia (14%) and dysplasia (0) were uncommon or absent,
chronic gastritis (81%) and Helicobacter pylori (H. pylori)
infection (35%) were widespread. Again, in a sharp contrast, distal esophageal columnar metaplasia (87%) and
dysplasia (67%) in the Americans were overwhelming;
but chronic gastritis (24%) and H. pylori infection (19%)
were uncommon in the uninvolved proximal gastric mucosa[33]. The results suggest that GEJ cancer in American
patients is indeed associated with BE and shows the
clinicopathologic features of EA[25,65-68]. In contrast, GEJ
cancer in Chinese is in fact primary proximal gastric cancer and different from EA.
Despite the fact that the results of this single comparison study confirm the rational on the AJCC 7 classification of this cancer as EA in American patients,
the new AJCC 7 mandate for classification of all GEJ
cancers as EA may be questionable and ineffective in
Chinese patients.

geneity. Importantly, even with the staging scheme for
gastric cancer, the survival curves for patients with this
cancer were not distinctive and showed incorrectly better
survival prediction for patients staged at pⅠB and pⅡB
than those at pⅠA and pⅡA. Interestingly enough, patients staged at pN3b had the 5-year survival rate worse
than those with pM1 and pⅣ diseases[69]. These observations, taken along with the group clustering in pⅡA, p
ⅡB, pⅢA, and pⅢB, illustrate a poor discriminatory
ability of the new AJCC 7 staging rule for this cancer in
Chinese[70,71].
One of intriguing facts in Chinese patients with this
cancer is that despite the larger tumor size and higher
overall pathologic stage with stage pⅢ-Ⅳ in 70% of
cases, the 5-year survival rate for patients with stage pⅢ
tumors is significantly better in Chinese than in American patients[69]. A similar result for patients with proximal
gastric cancer staged at pⅢ has been reported previously
in an epidemiology study on the data derived from the
Surveillance, Epidemiology, and End Results database[11].
In that study, although the overall patient survival curves
are almost identical between EA and proximal gastric
cancer groups, a distinct separation in survival curves
between these two groups is demonstrated for patients
with pⅢ diseases; importantly, the patients with proximal gastric cancer and staged at pⅢ show a much better survival trend than those with EA[11]. These results
demonstrate a unique characteristic for proximal gastric
cancer, which is distinctly different from that of EA[69].
The aforementioned preliminary data suggest that
GEJ cancer in Chinese cannot be staged predicatively
as EA with the new AJCC 7 guideline, as confirmed in
a recent South Korean study[72]. Even staged with the
rules for gastric cancer, these cases cannot be monotonically stratified for prognosis prediction[69], suggesting the
existence of discrete pathobiological characteristics that
set this cancer apart from EA and less characteristically
from conventional gastric cancer[73]. Regardless, the study
of GEJ cancer in Chinese patients treated in Nanjing is
limited by a relatively small sample size, advanced pT3
disease in the majority of the cases, and a lack of consistent surgical lymphadenectomy procedure carried out
in all cases[69]. Further investigation with defined criteria
and a larger sample size is needed to validate those interesting results.

APPLICATION OF STAGING RULES ON
EA CANNOT EFFECTIVELY PREDICT
SURVIVAL IN CHINESE PATIENTS
The updated AJCC 7 staging guideline classifies all
GEJ cancers as EA and requires staging these tumors
as esophageal cancer[28]. The validity and effectiveness
of this new mandate has been found problematic in
Chinese patients. Researchers in Nanjing, China, investigated 142 cases of GEJ cancer and reported inferior
stratification of survival prediction to survival stratification with the staging rule for gastric cancer, especially
for pN and summary pⅢC stages, when these cases
were staged with the scheme for EA based on the AJCC
7 new guideline[69]. They reported that the pN stage was
more predictive in survival than the pT, which is consistent with the features of gastric cancer. In addition, they
described a useful survival predictive value for celiac
nodal disease and the lymph node ratio in patients with
this cancer. In contrast, using the staging guideline for
EA, they discovered illogical patient survival characteristics. For example, the Kaplan-Meier curves for patients
staged at pⅢA predicted erroneously better survival
than those staged at pIA and pIIB. Moreover, the survival curves also crossed in the cases staged at pⅡB and
pⅢB, indicating the existence of intra-group hetero-
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PROGNOSTIC FACTORS AND SIRT1
GENE EXPRESSION
In the most recent reports on prognostic factors of EA
with a large sample size, well-defined clinicopathologic
characteristics, and robust follow-up from Western countries, the worse 5-year disease-specific prognostic factors
are found to be associated with higher pT, pN stages,
advanced age over 76 years, signet-ring cell histology,
poor tumor differentiation, and extra-nodal diseases[74-77].
These prognostic factors for EA have been reported to
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be similar, but not identical, to those in Chinese patients
with GEJ cancer in recent publications[78-80]. However,
because of the limited number of reports on this issue,
the results are a bit inconsistent. For instance, in one
report with 514 surgical resection cases of GEJ cancer
at a major medical center in China, tumor gross and
histology type, stage, vascular invasion, and extent of
surgical resection were found to be significant prognostic factors[78]. In another detailed clinicopathology study
report[79], patient age over 70 years, tumor size larger
than 8 cm, poor differentiation, the number of positive
lymph nodes over 16, and advanced summary pathology
stage were shown to be associated with worse outcomes.
In contrast, lymphovascular invasion, which is associated
with worse survival in EA[80], is not shown to be a significant prognostic factor. Interestingly, celiac nodal metastasis and the lymph node ratio for the number of lymph
node retrieved and nodal disease are reported to be significant prognostic factors[81-83]. The investigators further
reported that the ratio of the number of positive nodes
identified vs the number of total lymph nodes evaluated
was related to significantly worse overall survival[79]. Furthermore, the patient survival rate becomes significantly
worse for the lymph node ratio over 0.2, compared to
the cases with negative nodal disease. The relative risk of
worse prognosis for the ratio over 0.4 or 0.5 is 37-fold
or 75-fold[79]. This powerful prognostic prediction by
the lymph node ratio is very practical in clinical settings
where nodal dissection by individual surgeons and nodal
retrieval by pathologists vary and a unified nodal dissection protocol is not universally executed. This simple,
easy-to-use, and objective prognostic indicator in gastric
cancer has been repeatedly confirmed by many other investigators around the world[84-91].
Advanced age has been proven to be one of independent worse prognostic factors in GEJ cancer[74,75,79].
This may result from genetic abnormalities in aging associated genes such as Sirt1, which is a recently discovered,
aging-related histone deacetylase involved in regulation
of multiple critical steps of stress responses, nutrient
metabolism, and aging through deacetylation of a variety
of subcellular molecules such as p53, forkhead transcription factors, PGC-1α, NF-κB, Ku70, and histones[92-97].
An increasing body of evidence in molecular biology
suggests a complex role for Sirt1 to play in tumorigenesis[96-101]. Feng et al[102] are the first to use tissue microarray and immunohistochemical methods to investigate the
Sirt1 gene expression in proximal gastric cancer including GEJ cancer in Chinese patients. They reported that
compared to normal controls, Sirt1 gene expression was
significantly higher in a subgroup of GEJ cancer cases,
which was significantly associated lymph node metastasis, higher pathologic stages, and worse survival prognosis with significantly lower 1- and 3-year survival rates
(80% and 49%), compared to the Sirt1-negative cancer
patient groups (89% and 71%), suggesting a prognostic
predictive value for this molecule in patients with this
cancer. It should be interesting to know how Sirt1 plays
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in the initiation and progression of GEJ cancer in Chinese patients.

CONCLUSION
GEJ cancer is uncommon but poorly understood for its
natural history, pathogenesis mechanisms, and prognosis.
An increasing body of evidence accumulated in recent
years suggests that GEJ cancer in Chinese patients arises
mainly in the proximal stomach associated with chronic
gastritis and shows a heterogeneous histology pattern.
This cancer is distinctly different from EA and cannot
be accurately stratified with the scheme for EA, as required by the updated AJCC 7 cancer staging guideline
for patient survival prognosis prediction. Although the
new AJCC 7 staging rule for gastric cancer may be used
for this cancer, there exists considerable heterogeneity
and indistinctive survival characteristics, suggesting the
possibility of a distinct disease entity for this cancer.
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INTRODUCTION
Primary biliary cirrhosis (PBC) is an organ-specific autoimmune disease of the liver characterized by the presence
of serum antimitochondrial antibodies (AMAs) and the
destruction of small and medium-sized bile ducts. The
histological manifestations are damaged biliary epithelial
cells (BECs) and infiltration of T cells, B cells, macrophages, eosinophils and natural killer (NK) cells in the
portal area, which eventually leads to cirrhosis and liver
failure[1]. PBC affects middle-aged women, and the natural disease history is 10 to 20 year. The annual incidence
rates range between 0.7 and 49 cases per million persons,
while the prevalence rates range between 6.7 and 402 cases per million persons[2,3]. Advanced biochemical assays
and improved acquisition of disease will lead to increased
detection worldwide. Currently, the only recommended
first-line therapy, early treatment with ursodeoxycholic
acid (UDCA) at a dose of 13-15 mg/kg per day, can delay
progression of histology and ameliorate long-term prognosis[4]. However, approximately 25% of patients have no
response to UDCA, and in these cases liver transplantation is needed[5]. Exploration of pathogenesis is needed
to discover novel target treatments. Deficiencies in autoimmune tolerance are critical factors of disease initiation
and perpetuation. Therefore, the aim of this study was to
demonstrate the function of autoimmunity in PBC.

Abstract
Primary biliary cirrhosis (PBC) is an autoimmune liver
disease characterized by the presence of serum autoantibodies and chronic nonsuppurative destructive cholangitis. The pathogenesis of PBC involves environmental factors, genetic predisposition and loss of immune
tolerance. In recent years, it has become univocally
accepted that an inappropriately activated immune
response is one of the most important factors in PBC.
In this study, the role of autoimmunity in PBC is summarized and a feasible research orientation is recommended.
© 2012 Baishideng. All rights reserved.
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High titer of AMAs is the serological hallmark of PBC.
It can be detected even before clinical symptoms or bio-

7141

December 28, 2012|Volume 18|Issue 48|

Shi TY et al . Autoimmunity in PBC

to active antigen-specific T lymphocytes. Migita et al[29]
found that serum B-cell-activating factor (BAFF) levels
were significantly higher in PBC patients than in healthy
controls and HCV-infected patients, and were positively
correlated with aspartate amino-transferase (AST) and
total bilirubin levels. In liver, CD5+ and CD20+ cells were
associated with BEC damage, suggesting that B cells
have a role in regulating the portal destruction in PBC[30].
Therefore, B cell depletion therapy might be an alternative to UDCA. In murine experiments, Igμ(-/-)NOD.c3c4
mice demonstrated a decreased number of activated NK
cells in the liver. The degree of granuloma formation, bile
duct destruction, and salivary gland histology were also
shown to be significantly attenuated[31]. Moreover, antiCD20 therapy every 2 wk in transforming growth factorbeta receptor Ⅱ dominant negative (dnTGF-βRⅡ) mice
at age of 4-6 wk could reduce the number of B cells and
CD8+ T cells in liver[32]. In clinical therapy, two doses of
1000 mg rituximab separated by 2 wk were safe and effective in patients with an incomplete UDCA response.
After treatment, not only did serum levels of total IgG,
IgM, and IgA decrease significantly, but T regulatory (Treg)
cells also increased, which was associated with increased
mRNA levels of forkhead box 3 (Foxp3) and TGF-β in
CD4+ T cells[33].
In contrast, in 2-octynoic acid-bovine serum albumin
(2OA-BSA)-induced mice, treatment with anti-CD20 and
anti-CD79 antibodies increased the number of CD4+
and CD8+ T cells infiltrating around damaged bile ducts
in portal areas, leading to more severe cholangitis[34]. A
similar phenomenon occurred in Igμ(-/-)dnTGF-βRⅡ
mice. Adoptive transfer of CD19+ cells from dnTGF-βR
Ⅱ mice into recombination activating gene-1 (Rag-1)(-/-)
mice resulted in decreased liver inflammation and bile
duct damage[35]. However, anti-CD20 therapy in dnTGFβRⅡ mice at age of 20-22 wk had little effect on liver
lesions[32]. The efficacies of different B cell depletion approaches in diverse murine models are shown in Table
2. Together, these findings suggest that there is a subclass of B cells that have a regulatory role by producing
IL-10[36]. However, further exploration of the function of
B cells in PBC is needed before B cell depletion therapy
can be applied to routine clinical work.

chemical anomalies. The proportion of AMA-negative
patients has been minimized due to the development of
sensitive detection technology[6,7]. The highly diseasespecific autoantibody, AMA-M2, recognizes components
of the oxo-acid dehydrogenase complex (OADC) that
are ubiquitously expressed on the inner mitochondrial
membrane, including the E2 subset of the pyruvate dehydrogenase complex (PDC-E2). The antigens are released
from apoptotic blebs of the BEC, or come from molecular mimicry of infectious agents, or from alteration
of xenobiotics[8]. However, transgenic mice aberrantly
expressing PDC-E2 components on BECs do not show
serological and histological features of PBC[9], indicating
that aberrant PDC-E2 expression is not sufficient for disease development.
Although AMA is found in most PBC patients, it
may have no pathogenic role due to the following observations: (1) the titer of AMA is not associated with
biochemical or histological manifestations, and there is
no indication for a significant change in AMA levels after drug therapy[10,11]; (2) approximately 5% of patients
are AMA-negative with typical histological injury and
exhibit the same treatment response as AMA-positive
patients[12,13]; and (3) although the antigens are ubiquitous,
the disease is organ-specific.
However, some studies have identified novel features
of AMAs in recent years. Lleo and colleagues[14,15] demonstrated that PDC-E2 with antigenic reactivity was only
detectable in apoptotic blebs of human intra-hepatic
BECs; Moreover, in the presence of AMA, macrophages
increased the expression of TNF-related apoptosisinducing ligand (TRAIL) and produced intense inflammatory cytokines, such as tumor necrosis factor alpha
(TNF-α) and interleukin (IL)-6. These results provide a
mechanism for the biliary speciﬁcity and a physiopathologic role of AMA in PBC. Rigopoulou et al[16] found that
AMA-IgG3 was associated with a more severe disease.
The presence of IgA-anti-PDC-E2 in sera or saliva might
be associated with the progression of PBC[17]. The mechanism responsible is likely that a greater concentration
of IgA in bile ducts can make cells more susceptible to
apoptosis through constant transcytosis, resulting in subsequent bile duct damage[18]. In addition, the production
of AMA-IgM from peripheral blood mononuclear cells
(PBMCs) from PBC patients was reduced after exposure
to UDCA[19].

Elevated IgM
In addition to high titers of circulating AMAs, PBC patients have high levels of serum IgM that are not related
to titers of AMAs. Compared with AMA-positive PBC,
the level of serum IgM was lower in AMA-negative
patients[37,38]. Plasma cells in the portal tracts of PBC patients are found to be predominantly IgM-positive, while
those cells predominantly express IgG in other forms of
liver disease, such as autoimmune hepatitis and chronic
hepatitis C[39,40]. It has been shown that after treatment
with UDCA, the level of IgM decreases at both shortterm and long-term follow-up[41], which is possibly due
to a reduction in naïve B cell and IgM-memory B cell
activation through down-regulation of the NF-κB signal-

Autoantibody-antinuclear antibodies
In addition to AMA, serum antinuclear antibodies (ANAs)
are positive in approximately 1/3 patients with PBC.
These antibodies provide important evidence for AMAnegative PBC. The typical staining pattern and clinical
significance[20-28] of ANAs are shown in Table 1.
B cells and plasma cells
Plasma cells that originate from B cells are sources of antibodies. As antigen presentation cells, B cells can secrete
many kinds of cytokines and present costimulatory signals
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Table 1 The characteristics of antinuclear antibodies in primary biliary cirrhosis patients
Staining pattern
Nuclear dot
Nuclear periphery
(Nuclear pore complex)
Nuclear periphery
(Nuclear envelope)
Anticentromere
?

Autoantigen

Prevalence (%)

Clinical significance

SP100[20,28]
PML[21,28]
SP140[22]
gp210[23]
p62[24]
Lamin[25]
LBR[24]
Centromere[26]
AchR M3[27]

25
19
15
25
30-55
6-8
2-6
30
83

Highly specific for PBC; Urinary tract infections
Highly specific for PBC; Coexistence with anti-sp100
Coexistence with anti-sp100 and anti-PML
Association with disease severity and poor prognosis
Association with disease severity and poor prognosis
Not highly specific for PBC
Highly specific for PBC
Association with portal hypertension
Unknown

PBC: Primary biliary cirrhosis; PML: Promyelocytic leukemia; LBR: Lamin B receptor.

mune cholangitis after adoptive transfer of splenocytes
or CD4+ T cells[50]. In IL-2Rα(-/-) mice, marked aggregation of IL-17+ cells within portal tracts compared to the
periphery has been demonstrated. Interestingly, CD4+
T cells from the livers of normal C57BL/6J mice can
secrete higher levels of IL-17 compared to those from
spleens, indicating the role of the liver microenvironment
in Th17 induction[48].
It is currently unknown whether Th1 or Th17 cells are
more important in the pathogenesis of the disease. IL12p40(-/-)dnTGF-βRⅡ mice have a dramatic reduction
in histological autoimmune cholangitis and a signiﬁcant
decrease in the levels of intra-hepatic proinﬂammatory
cytokines[51], while worsening hepatic histology and elevated inﬂammatory cytokine production have been observed in IL-6(-/-)dnTGF-βRⅡ mice[52]. These findings
might suggest that IL-12-inducible Th1 cells are more
important than IL-6-inducible Th17 cells. However, the
definitive conclusions on these mechanisms will require
further investigation.

Table 2 Differences in B cell depletion therapies in primary
biliary cirrhosis murine models
Results

Model

Therapy (time)

Amelioration

NOD.c3c4 mice
Igμ knockout
dnTGF-βRⅡ mice
Anti-CD20 (4-6 wk)
Exacerbation 2OA-BSA-induced mice Anti-CD20/Anti-CD79 (6 wk)
dnTGF-βRⅡ mice
Igμ knockout
No effect
dnTGF-βRⅡ mice
Anti-CD20 (20-22 wk)

ing pathway[19]. The mechanism of IgM elevation is still
unclear in PBC, but abnormal Ig class switching may be
involved. Lleo et al[42] showed that IgM was inversely associated with levels of CD40L promoter methylation in
CD4+ T cells, suggesting that the CD40-CD40L interaction is involved in the production of high amounts of
IgM. Moreover, CD40L is an essential molecule involved
in Ig class switching.

CELLULAR IMMUNITY

Treg cells: CD4+CD25high regulatory T cells play a critical
role in self-tolerance and the prevention of autoimmune
disease. Patients with PBC display a relative reduction
of circulating CD4+CD25high Tregs compared to controls[53,54]. The frequency of circulating Tregs can increase
after 1 year of treatment with UDCA[13]. However, the
number of Foxp3+ cells is higher in the liver in PBC[53],
which is most likely due to the localization of CD8+ T
cell blasts in the liver portal area[55].
In addition to CD4+ Tregs, Bernuzzi et al[56] found
that the CD8+ Treg (CD8+CD28-) population has striking phenotypic alterations, including decreased CD39
and increased CD127. Although CD8+ Tregs were not
significantly different quantitatively between patients and
healthy subjects, the in vitro induction of CD8+ Tregs by
incubation with IL-10 was significantly reduced in PBC
patients.
Murine models constructed by altering the signaling
pathway of Treg cells can imitate PBC-like manifestations, which underscores the vital function of Tregs in
disease. Zhang et al[57] demonstrated that Scurfy mice,
which have complete ablation of Foxp3+ Tregs, exhibited a high titer of AMAs and elevated serum cytokines

It is thought that activated CD4+ T cells can recognize peptide PDC-E 2163-176, while activated CD8 +
T cells can recognize peptide PDC-E 2159-167 and
PDC-E2165-174 in PBC. Moreover, a large number of
autoreactive T lymphocytes infiltrate the portal area.
CD4+ T cells
Effector CD4+ T cells: In patients with PBC, it is well
accepted that an enhanced ratio of Th1 to Th2 cells is
one of the most important factors[43,44] in the onset of
disease. After treatment with UDCA, serum interferongamma (IFN-γ)[45] and liver IL-2[45,46], which are Th1 cellrelated cytokines, are decreased. However, the level of
serum IFN-γ rebounded after 6 mo of therapy[45]. Recently, besides Th1 cells, studies have shown that IL-17+
cells accumulate around the damaged bile ducts[47,48], and
BECs produce Th17-inducible cytokines (IL-6, IL-1β
and IL-23) when stimulated with pathogen-associated
molecular patterns (PAMPs)[47]. In addition, the ratio of
Th17 to Tregs is enhanced in PBMCs[49].
Several experiments using murine models have indicated a central role of CD4+ T cells in the pathogenesis
of PBC. NOD.c3c4-SCID mice can develop autoim-
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Table 3 The characteristics of primary biliary cirrhosis murine models and primary biliary cirrhosis patients
[50]

NOD.c3c4
Disease onset
AMA
ANA
Cytokines
Treg cells
Ig
Liver inflammation
CD8+/CD4+T
Treg
Fibrosis
Complication

[59]

dnTGF-βR II

IL-2Rα(-/-)

[58,85]

Ae2a,b(-/-)

[86]

2OA-BSA induced

[87]

Human

8-20 wk
56%
80%-90%
Th1 ↑
↓
IgG, IgM ↑

4 wk
100%
(-)
Th1 ↑
↓
IgA ↑

4 wk
100%
80%
Th1, Th17 ↑
↓
IgG, IgA ↑

6 mo?
40-80%
(-)
Th1 ↑
↓
IgG, IgM ↑

4-12 wk
100%
?
Th1 ↑
↓
?

40-60 yr
95%
30%
Th1, Th17 ↑
↓
IgM ↑

↑
?
?
Bile cyst and
Extrahepatic damage

↑
↓
Slight

↑
↓
?
Colitis
Anemia

↑
↓
Slight

↑
?
Slight

?

?

↑
↑
Evident in late stage
Thyroid disorder
Sjogren syndrome

Colitis

ANA: Antinuclear antibodies; AMA: Antimitochondrial antibodies.

(TNF-α, IFN-γ, IL-6, IL-12p40, and IL-23). In addition,
these mice also had a substantial number of lymphocytes
infiltrated around portal areas with bile duct damage.
Both IL-2Rα(-/-)[58] and dnTGF-βRⅡ murine models[59]
show PBC-like characteristics.

as a traffic hub. The expression of toll-like receptor (TLR)
is normally regulated by a negative signaling pathway in
the liver, which prevents inappropriate activation of inflammation.
After in vitro challenge with TLR ligands, circulating monocytes in PBC patients produce higher proinflammatory cytokines, including IL-1β, IL-6, IL-8, and
TNF-α[65]. The expressions of TLR3[66] and TLR4[67,68] are
increased in BECs. Transfection of poly(I:C) into BECs
induces a marked increase in mRNAs encoding a variety
of chemokines/cytokines[66]. In addition, the expressions
of TLR4 in BECs[67] and circulating monocytes[69] both
increase significantly after stimulation with lipopolysaccharide (LPS),. Furthermore, the level of RP105, which
is involved in the negative regulation of TLR4 signaling,
is decreased in PBC monocytes[69]. The interplay between
LPS and TLR4 results in myeloid differentiation factor
88 (MyD88) recruitment, NF-κB activation and coding
gene expression[67,69]. After exposure to CpG, PBMCs
from PBC patients produce higher levels of IgM and
AMAs[70,71]. Importantly, the effect can be inhibited by K+
channel blockers[70] and UDCA[19].
These results indicate that patients with PBC exhibit
hypersensitivity of TLR signaling, which leads to a breakdown of self-tolerance. However, activation of the TLR
signal pathway alone may not explain the entire course of
the disease[72]. Mice immunized with 2OA-BSA coupled
with poly (I:C) showed alterations in the disease process
and acceleration of fibrosis of liver.

CD8+ T cells
Compared to CD4+ T cells, CD8+ T cells play a more
significant role in mediating the destruction of the bile
duct. In PBC patients, CD45ROhighCD57+CD8high T cells
expressing elevated α4β7 and IL-5 accumulate around
the portal area[60]. Moreover, the ratio of CD8+ T cells
to FoxP3+ cells is significantly higher in the liver at late
stages of the disease[53]. Biliary ductule damage by CD8+
T cells is also observed in non-obese diabetic autoimmune biliary disease (NOD.ABD) mice[61]. CD8+ T cells
from NOD.ABD mice can transfer liver inflammation
into NOD.c3c4-SCID recipients. The liver of dnTGF+
βRⅡ mice has an increased number of CD8 T cells and
a higher ratio of CD8 to CD3 or CD4 cells[59]. Furthermore, adoptive transfer of CD8+ T cells from dnTGFβRⅡ mice to Rag-1(-/-) recipients results in PBC-like
liver lesions and AMA-positive sera, while CD4+ T cells
predominantly cause bowel inflammation[62]. Relative to
IL-2Rα(-/-) mice, IL-2Rα(-/-) CD4(-/-) mice have increased biliary ductular damage. These findings also suggest that CD8+ T cells may mediate bile ductular injury
under the background of Treg function loss[63].

INNATE IMMUNITY

NKT cells
NKT cells are a subset of lymphocytes possessing both
T cell receptors (TCRs) and NK-specific receptors, and
they play an important part in the modulation of the innate immune response and cytotoxicity.
Alpha-galactosylceramide (α-GalCer) is an activator
of NKT cells, and the frequency of CD1d-α-GalCerrestricted NKT cells is similar between the peripheral
blood and liver of healthy people. In contrast, the frequency of these cells in liver is significantly higher than in
peripheral blood in PBC patients, and also higher than in
healthy individuals[73].

The innate immune system is the first line of defense
against infection. Emerging evidence suggests that the
liver is one component of the body’s immune system[64].
Traditional immunosuppressive drugs are not effective
for PBC compared to other autoimmune diseases. Thus,
the role of the innate immune system in PBC has garnered a lot of focus in recent years.
Toll-like receptor
The liver can encounter a number of pathogenic microorganisms and their by-products from the gut by acting

WJG|www.wjgnet.com

7144

December 28, 2012|Volume 18|Issue 48|

Shi TY et al . Autoimmunity in PBC

To define the function of CD1d-restricted NKT
cells in the pathogenesis of PBC, Chuang et al[74] generated CD1d(-/-)dnTGF-βRⅡ mice and found that they
developed decreased hepatic lymphoid cell infiltration
and mild cholangitis. After immunization of 2-OA-BSAinduced PBC mice with α-GalCer, Wu et al[75] found that
the disease was exacerbated, including signs of portal
inflammation, bile duct destruction and liver fibrosis.
However, in vivo depletion of NK and NKT cells in the
same murine model only suppressed AMAs and cytokine
production, but did not change the portal cholangitis[76].
Therefore, these data support the role of NK and NKT
cells in the loss of autoimmune tolerance in PBC; however, the development of PBC also requires other pathological factors.

CONCLUSION
Substantial amounts of data to date have illustrated that
autoimmunity plays a critical role in the pathogenesis of
PBC. The adaptive immune response, the innate immune
system and their interplay participate in the development of disease. However, there are clearly limitations
and unanswered questions that still remain: (1) although
some murine models have been established, they cannot
imitate PBC in humans completely (Table 3); (2) in vitro
experiments based on human samples may not completely
reflect the endosomatic problems; and (3) the data to
date are mainly based on PBMCs, which lack reliability
without assessment in the local liver microenvironment.
In order to address these problems, better murine models
are needed. In the future, researchers must identify new
mechanisms through the analysis of both in vivo and in vitro
approaches for the development of effective treatment
strategies for PBC.

NK cells
NK cells are another component of the innate immune
system, and function by secreting cytokines and lysing target cells. NK cells account for 30% of the total resident
lymphocytes in the liver. Chuang et al[77] reported an obvious higher frequency and absolute number of NK cells
in both the blood and liver of PBC patients. Moreover,
the cytotoxic activity and perforin expression of isolated
NK cells were increased. Recently, Shimoda et al[78] demonstrated that TLR4 ligand-stimulated NK cells destroyed
autologous BECs in the presence of IFN-α synthesized
by TLR 3 ligand-stimulated monocytes. In addition, there
was an increased number of CD56+ cells scattered around
the destroyed small bile ducts.
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Abstract
Nucleos(t)ide analogues (NA) are a breakthrough in the
treatment and management of chronic hepatitis B. NA
could suppress the replication of hepatitis B virus (HBV)
and control the progression of the disease. However,
drug resistance caused by their long-term use becomes
a practical problem, which influences the long-term
outcomes in patients. Liver transplantation is the only
choice for patients with HBV-related end-stage liver disease. But, the recurrence of HBV after transplantation
often caused by the development of drug resistance
leads to unfavorable outcomes for the recipients. Recently, the multi-drug resistance (MDR) has become a
common issue raised due to the development and clinical application of a variety of NA. This may complicate
the antiviral therapy and bring poorly prognostic outcomes. Although clinical evidence has suggested that
combination therapy with different NA could effectively
reduce the viral load in patients with MDR, the advent
of new antiviral agents with high potency and high
genetic barrier to resistance brings hope to antiviral
therapy. The future of HBV researches relies on how to
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INTRODUCTION
Globally, it is estimated that about 400 million are
chronically infected with hepatitis B virus (HBV). The
prevention and control of hepatitis B is an important
public health issue. HBV infection may not only result in
fulminant, subfulminant, and chronic hepatitis, but may
also contribute to the development of liver cirrhosis and
hepatocellular carcinoma in the long-term[1]. Decades
of clinical experiences have shown that the administration of nucleos(t)ide analogues (NA) could postpone the
progression of the disease. NA mainly suppresses the
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in vitro phenotypic assays showed variable results across
laboratories[21,22]. Thus, the potential impact of this mutation on TDF susceptibility deserves further study[20]. The
primary antiviral drug resistance mutations in the polymerase gene are listed in Table 1[23].
HBV strains, resistant to at least two anti-HBV agents
from different subclasses of NA without a cross-resistance profile, are defined as MDR[24]. The main reasons
for MDR are the sequential monotherapy to treat primary
resistance and use of agents with similar cross-resistance
profiles. The development of MDR is a major challenge
for antiviral therapy, and the improper administration of
NA may lead to serious outcomes. Thus, more researches
on the choice of antiviral agents in treating patients with
MDR have been carried out and some significant solutions have been achieved.

HBV replication and reduces the damage to hepatocytes
by hindering the synthesis of reverse transcriptase (RT),
which is the prerequisite for viral replication. The main
disadvantage of NA is the recurrence of HBV after
therapy interruption. Hence, the long-term treatment
becomes a mandate. But, this paves the way for other
challenges like HBV genome mutation and clinical drug
resistance. The reports of multi-drug resistance (MDR)
to NA in the recent years are increasing, and become an
important issue for clinicians to modulate the treatment
strategies during drug resistance.

MECHANISMS OF ANTIVIRAL
RESISTANCE
HBV has a DNA genome. But, it replicates through an
RNA intermediated reverse transcription. The lack of
proofreading ability of the viral encoded, RNA-dependent DNA polymerase could result in potential mutations
at each nucleotide position within the entire genome[2].
This, together with the large number of virions produced
(1012-1013/d), indicates that every mutation of the 3.2 kb
HBV genome can theoretically be produced daily[3,4]. Under the selective pressure of antiviral agents, such diversity is likely to give rise to drug-resistant mutants[5]. RT is
the target of NA and also the chief place of gene mutations. Several factors are associated with the development
of antiviral resistance, including viral fitness, potency,
and genetic barrier to resistance of the antiviral agents[6].
Studies have shown that there are five pathways leading
to antiviral resistance[7]. (1) The L-nucleoside pathway (rtM204V/I), leads to the resistance of lamivudine (LAM),
emtricitabine, telbivudine (LdT), and clevudine. This
pathway includes entecavir (ETV) resistance in LAMexperienced patients; (2) The acyclic phosphonate pathway (rtN236T), associates with the resistance to adefovir
(ADV) and tenofovir disoproxil fumarate (TDF)[8,9]; (3)
A shared pathway (rtA181T/V), results in the selection
of HBV quasispecies when treated with L-nucleosides or
acyclic phosphonates;(4) Naïve entecavir resistance pathway (rtL180M + rtM204V with either rtT184, S202, or
M250 codon changes). In this pathway, three mutations
are required to appear simultaneously accounting for the
very low resistance profile of entecavir[10]; and (5) Multidrug resistance pathway, complex patterns and clusters
of specific mutations in HBV polymerase are associated
with it.
TDF is recommended since 2008, as first line drug
in patients chronically-infected with HBV and led to
high rates of virologic success[11,12]. Its effect on HBV
DNA suppression appears similar to ETV and LdT and
superior to LAM and ADV[13,14].It remains largely active even against ADV-resistant or ETV-resistant mutations[15-17]. However, the rtA194T polymerase mutation
has been found in HBV/HIV co-infected patients during
TDF treatment and may be associated with TDF resistance[18-20]. Whether the rtA194T mutation truly confers
resistance against TDF has remained controversial, as the
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THE CURRENT SITUATION AND
STRATEGIES OF DIFFERENT TYPES OF
MDR
LAM + ADV resistance
LAM, the first oral antiviral agent against HBV, is safe and
well tolerated even in patients with decompensated liver
cirrhosis[25]. Globally, it has been mostly used with a low
genetic barrier to resistance and cumulative incidence of
resistance as high as 70% after 5 years of treatment[26,27].
Early studies had suggested that, ADV monotherapy had
shown similar antiviral effects to combination therapy
with LAM+ADV for LAM-resistant patients in the shortterm, and a strategy of switching to ADV monotherapy
had widely been adopted[28]. However, recent studies
have showed that ADV resistant mutations emerge more
frequently during sequential ADV monotherapy in LAM
resistance than in treatment-naïve patients[29,30]. The rate
of ADV resistance in LAM-resistant patients was shown
to be as high as 18% at 1 year, compared with 0% in
LAM-naïve patients[31]. Another long-term study reported
that the cumulative genotypic resistance and virologic
breakthrough at 5 years of sequential ADV monotherapy
in LAM-resistant patients were 65.6% and 61.8%, respectively[32]. Fung et al[33] reported that the cumulative rate of
ADV resistance in LAM-resistant patients at 2 years was
18% for patients who were switched to ADV and 7% for
patients who had ADV added to their treatment regimen.
In another study of 42 LAM-resistant patients (HBeAgnegative), the ADV resistance rates at 15-18 mo of treatment were 21% (3/14) for patients who were switched
to ADV and 0% for patients who had ADV added[34]. It
can be assumed that the ADV resistance rate in LAMresistant patients can be greatly reduced by adding rather
than switching to ADV. There are more researches exploring the mechanisms of LAM + ADV dual-resistance,
as these two agents were launched early. When the mutations causing resistance to LAM and ADV are not on the
same viral genome, a combination therapy of these two
agents will likely be effective in suppressing the mutants
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Table 1 Primary antiviral drug resistance mutations in the polymerase gene
Domain A
Lamivudine
and
Telbivudine
Adefovir
Tenofovir
Entecavir

-----

Domain B
rtV173L
rtL180M
rtA181T/V
rtA181T/V
rtA181T/V
rtL180M
rtT184

Domain C

Domain D

Domain E

Numbers of mutations

rtM204V/I

--

--

1

rtN236T
rtN236T
--

--rtM250I/V

1
?
3

rtM204I/V
rtS202

resistant to each of the drugs. In contrast, when the antiviral resistance mutations are on the same viral genome,
the combination treatment may not be adequate[30]. In vitro
analysis have shown that most of MDR mutations collocate on the same viral genome[35], but the in vivo confirmation on the same is lacking. There is no unified clinical
treatment strategy for LAM + ADV dual-resistance, but
different methods of mono or combination therapy have
been carried out.
Due to the limited alternative of NA in the early
stage, interferon (IFN) had been tried as a choice for
dual-resistance to LAM and ADV. Phenotypic analysis
have indicated that IFN-α suppresses equally the mutant strains and wild-type strains in vitro[36]. Furthermore,
IFN-α also suppresses the replication of LAM-resistant
and ADV-resistant mutants in vivo[37]. Besides that, IFN-α
administration predictably have reduced the resistance to
NA when combined with LAM[38,39], as IFN-α exhibits at
least two HBV-specific antiviral activities independent of
the viral polymerase sequence with one reducing the levels of core protein and replicative intermediates, and the
other leading to posttranscriptional degradation of HBV
RNA[40]. However, there are certain potential limitations
with IFN therapy such as low probability of sustained
response, parenteral administration, relatively poor tolerability, and frequent and potential serious adverse effects
in patients with advanced liver disease[41]. These deficiencies limited the clinical application of IFN, and more researches focused on the application of oral NA in MDR.
In vitro studies show that the majority of MDR mutations to LAM and ADV collocate on the same viral genome[31]. Therefore, the combination therapy with LAM
and ADV may not effectively deal with the patients, who
are resistant to these two agents. The advent of ETV
enabled a new choice for antiviral therapy. Since TDF is
not available in many Asian countries, the 2008 updated
guidelines by Asian Pacific Association for the Study of
the Liver recommended ETV in LAM and ADV resistant patients[42]. But satisfactory clinical results were not
acquired in these patients treated with ETV. Heo et al[30]
compared the clinical efficacy of LAM + ADV combined therapy and ETV monotherapy in patients with
dual-resistance to LAM and ADV. The mean reduction in
serum HBV DNA concentration was significantly lower
in the LAM + ADV than in the ETV group. But, the
difference in mean decline in serum alanine aminotransferase (ALT) levels over 12 mo of treatment and the rate
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[23]

of HBeAg seroconversion at 12 mo did not differ significantly between two groups. Park et al[43] reported that
ETV monotherapy could not reach an optimal clinical efficacy in ADV-refractory chronic hepatitis B patients with
prior LAM resistance. In this long-term study (up to 4
years), the authors have suggested that an early virologic
response is essential for a successful ETV monotherapy
in this group of patients. Clinically, initial virologic response at 3 mo (IVR-3) is an independent predictor for
virologic response, and it may help determine whether to
maintain ETV monotherapy or not. Choe et al[44] evaluated the antiviral efficacy of ETV in patients, who had
failed to achieve viral response during LAM and ADV
rescue therapy. The virologic response was achieved in 1
of 18 patients with pre-existing rt204 mutations, whereas
it was achieved in all 4 patients without pre-existing rt204
mutations regardless of the presence of rt181 or rt236
mutations. The poor treatment efficacy of ETV in patients with LAM and ADV dual-resistance might have resulted from the pre-existing rt204 mutations, which could
further lead to ETV resistance.
As the ideal clinical efficacy was not achieved by ETV
monotherapy, researches continued to seek other treatment strategies with ETV combination therapies. A study
tried combination of ETV and ADV in LAM-resistant
chronic hepatitis B patients with suboptimal response
to LAM + ADV[45]. This strategy provided superior virologic response and favorable resistance profiles, when
compared with combination therapy of LAM and ADV.
But similar to ETV monotherapy, an optimal virologic
response still could not be reached. This may likely due
to the relatively low antiviral potency of ADV, which
suggested to replace ADV with another drug with a similar resistance profile and higher potency against LAMresistant mutants.
TDF shares the similar molecular structure with
ADV. It has higher antiviral potency and lower rate of
developing drug resistance. Despite its structural similarity to ADV, TDF partially suppresses ADV-resistant
HBV, and it is also highly effective against LAM-resistant
virus, suggesting that this drug may be an effective treatment for patients who have previously failed treatment
with LAM and ADV[46]. Van Bommel et al[47] introduced
TDF for LAM-Resistant patients with high HBV DNA
level during ADV therapy. The administration of TDF
(300 mg daily for all the patients except one) led to an
undetectable HBV DNA level in 19 of 20 patients within
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a median of 3.5 mo. The only patient who did not become HBV DNA negative during the observation period
received a reduced TDF dose (300 mg every second day)
because of renal insufficiency. Patterson et al[48] reported
similar efficacy with TDF in another group of similar
patients. But, the virologic response to TDF in this study
appeared to be inferior to that observed in treatmentnaïve patients. The development of antiviral resistance to
TDF in the long-term is uncertain, but the combination
therapy with high potency NA without cross-resistance is
still a superior strategy for MDR. Recently, Petersen et al[49]
reported a multicenter study with ETV + TDF as rescue
therapy in pretreated chronic hepatitis B patents. HBV
DNA was undetectable in 51 out of 57 patients with different types of resistance, and the ALT levels improved
in most of them, suggesting a reduction in liver inflammation. Besides, this strategy was efficient, safe, and well
tolerated in patients with and without advanced liver
disease. The updated 2009 American Association for the
Study of the Liver Diseases (AASLD) practice guideline
recommended TDF + ETV in patients with sequential
LAM and ADV treatment failure[27].

optimal strategy for such dual-resistance patients has not
been determined due to less availability of literature data.
LAM + ADV + ETV resistance
Recently, MDR to three NA has been described in case
reports. Liu et al[56] reported LAM + ADV could be helpful in a patient, who was resistant to LAM, ADV, and
ETV. It could be speculated that the HBV DNA replication had been suppressed due to LAM and ADV. The
immune response against the MDR strains might also
have contributed to the clearance of these strains. The
exact effect of this strategy remains to be observed due
to the short follow-up period. Sayan et al[24] reported a
case of another patient, who was effectively treated with
ETV and TDF. Three primer drug resistance mutations
in different domains of HBV viral polymerase, such as
rtA181V/T, rtL180M + rtM204V mutations and the
rtN236T, were characterized in the same genome, which
might explain the MDR profile. In another study of
MDR, amino acid changes consisting of L80V, L91I,
M204I, S219A, N238D, and Y245H were found on the
same dominant viral genome strain. These newly discovered mutation types may also relate to MDR[57]. This type
of resistance, usually caused by sequential monotherapy,
may be effectively treated by combination therapy. However, the mechanisms and preventive methods for MDR
to three NA need to be studied.

LAM + ETV resistance
ETV is an effective antiviral agent with high potency and
high genetic barrier to resistance. In NA-naïve patients,
the 5-year cumulative probability of genotypic ETV resistance and genotypic ETV resistance associated with
virologic breakthrough was only 1.2% and 0.8%, respectively[50]. However, the emergence of resistance to ETV
occurs more frequently in LAM-refractory population.
Based on the previous reports, the resistance to ETV in
LMV-refractory patients was detected in 8% of patients
after 12 mo, 43% after 48 mo, and 51% after 60 mo of
treatment[51,52]. In a clinical study, the cumulative rates of
ETV genotypic resistance in patients with LAM resistance are 6%, 15%, 36%, 46%, and 51% from years 1 to
5, respectively[53]. The resistance to ETV in the sequential
monotherapy in LAM-refractory patients shares the same
pathway (mutation of rtM204V/I) with LAM resistance.
Yatsuji et al[54] reported a patient with dual-resistance to
LAM and ETV, but was effectively treated with ADV. Interestingly, the typical mutation strains of ETV (rtL180M
+ M204V + S202G) were observed in this patient. An
in vitro study indicated that the rtL180M + M204V +
S202G mutant had no resistance against ADV, and this
case report confirmed this view clinically. Another study
included 12 patients with dual-resistance to LAM and
ETV, and half of them reached complete virological response with the combination therapy of ADV and ETV
after 18 mo. In addition, no enrolled patients developed
virologic breakthrough and had mutations resistant to
ADV at the end of follow-up. However, not all the patients realized virologic response, which may due to the
low potency of ADV and high pretreatment levels of
HBV DNA[55]. This combination therapy strategy may
be helpful as ETV is effective to rtA181T related mutant
and ADV is effective to rtM204V related mutant. The
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Treatment strategy of MDR in liver transplant recipients
Liver transplant is an effective method for patients with
HBV-related end-stage liver disease. In a liver transplant
setting, three different clinical phases have to be considered: (1) treatment of HBV infection during waiting list;
(2) prophylaxis of hepatitis B recurrence after liver transplant; and (3) treatment of recurrent hepatitis B when
prophylactic measures have failed[58]. The main factors
associated with HBV recurrence were HBeAg status at
transplant listing and serum HBV-DNA level at transplant[59]. The goals of antiviral therapy in the pretransplant patients include the reduction of viral load to low
or nondetectable serum HBV DNA levels[60]. The development of drug resistance for patients in the waiting list
for liver transplant is a common problem. Osborn et al[61]
found that the antiviral therapy failure in patients with
HBV in the waiting list did not impair clinical outcomes
when recognized early and also when the salvage therapy
was promptly initiated and neither the survival rate with
transplant nor without transplant was negatively impacted
by antiviral therapy failure.
However, the recurrence of HBV after transplant is
still a troublesome problem and may influence the longterm outcomes. The combination of both LAM and
hepatitis B immunoglobulin (HBIg) has emerged as the
most effective prophylactic strategy in HBV transplant
recipients with a 3-year recurrence rate of 0-10%[58,62,63].
But, the drug resistance to this combination therapy has
also emerged. In addition to the typical resistance to
LAM, it was detected in 45% of the immunosuppressed
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patients within the first year following liver transplant[64].
The escape mutation from anti-HBs occurs in the common α determinant region of the surface gene, which is a
highly conservative region of the HBsAg protein[65]. IFN
is not currently used for the treatment of hepatitis B after
transplantation, given the risk of graft rejection[66,67]. The
availability of ADV has changed the clinical course of
LAM-resistant patients, and it is effective and safe among
liver transplant recipients[68-70]. Researches showed that
ADV could be an effective rescue therapy for patients
with LAM-resistant hepatitis B post-liver transplant[71,72].
In a retrospective review, viral recurrence was noted in
5 out of 23 liver transplant recipients, who are on combination prophylaxis of LAM and HBIg with 1 patient
receiving TDF and 4 receiving ADV. Only 1 death related
to HBV recurrence was reported in this population, who
had been switched to ADV[73].
Apart from ADV, ETV appears to be a more attractive candidate than ADV for use in the transplant setting[74]. A study of 30 patients receiving a combination
of ETV and low-dose HBIg confirmed the efficacy and
safety of ETV in preventing recurrence of HBV after
liver transplant[75]. Another small study of 8 patients
showed that ETV was safe and effective as prophylaxis
after liver transplant with no interactions observed with
the immunosuppressive medications[76]. Fung et al[77] reported that although only 26% of patients had complete
viral suppression at the time of transplant and 91%
of patients underwent loss of HBsAg after 2 years of
follow-up. Also, 98.8% of patients achieved undetectable
HBV DNA levels with ETV as the sole antiviral agent after liver transplant. It can be inferred that ETV may play
an effective role in recipients resistant to both LAM and
HBIg.
ETV could be a choice in liver transplant recipients,
and TDF may also be effective when used alone or in
combination therapy. Villet et al[78] reported a recipient
who was resistant to LAM, ADV, and HBIg. The combination therapy of LAM and TDF effectively suppressed
the HBV DNA replication. Karlas et al[79] reported that
the combination therapy with ETV and TDF may prevent post-liver transplant hepatitis B recurrence even
without HBIg maintenance therapy. He illustrated that
the combination oral antiviral therapy might substitute
for HBIg as indefinite prophylactic regimen due to profound antiviral efficacy and low risk of viral resistance.
The optimal combination method for MDR in liver
transplant recipients is still uncertain, and the therapeutic
experiences in non-transplant patients could be learned.

Thai et al[83] reported that the rtM204I/V substitution is
insufficient for establishing resistance against LAM. The
analysis of 639 HBV whole-genome sequences obtained
from 11 patients showed that rtM204I/V was independently acquired by more than one intra-host HBV variant, indicating the convergent nature of LAM resistance.
Currently, the most commonly used methods for detecting HBV drug-resistance mutations are direct sequencing
and reverse hybridization[84]. However, these methods do
not enable haplotype analysis, and hence, they cannot be
used to determine the collocation of mutations on the
same viral genome. This limits the accurate identification
of viral mutants that are resistant to drugs with high genetic barrier[85]. Recently, several next-generation sequencing technologies, such as ultra-deep pyrosequencing, are
available to generate more data[85-88]. These methods may
offer significant advantages in explaining and predicting
the responses of HBV patients to antiviral therapy and
enable quantification of HBV quasispecies variants.
Recently, some studies analyzed the mutation pattern in relation to the HBV genotypes and found that
the rtL180M mutation is significantly connected to the
rtM204V mutation in genotypes A, B, and C. Also, the
HBV genotypes differ in their mutation pattern of LAM
resistance[89]. Another study indicated the association of
genotype C with higher rates of hepatitis B recurrence after transplant due to LAM resistance[90]. It can be inferred
that HBV genotypes may play an important role in the
progression of HBV-related liver disease and response to
antiviral therapy. The assessment of HBV genotype prior
to the treatment may help to individualize the antiviral
therapy and reduce the incidence of treatment failures
and complications[91,92]. However, the relationship between HBV genotypes and antiviral resistance is unclear.
Extensive researches may provide new perspectives for
the prevention and optimal rescue therapy to patients
with drug resistance.

PREVENTION OF MDR
Treatment failure in anti-HBV therapy could be regarded
as an iatrogenic factor, and a judicious use of NA in
chronic hepatitis B patients is the most effective prophylaxis against the development of MDR. Thus, proper
strategy should be applied by clinicians at the beginning
of therapy. An antiviral agent with the highest potency
and a high genetic barrier to resistance should be selected[93,94]. The pros and cons of initiating the treatment
with combination therapy in minimizing the development
of antiviral resistance are currently being investigated[95,96].
Avoiding the sequential use of NA monotherapy is an
effective preventive method for MDR[24]. A roadmap suggested that HBV DNA concentration at week 12 after
initial treatment should be checked to identify patients
with primary treatment failure, which is defined by < 1
log copies/mL reduction of HBV DNA concentration.
For patients with primary treatment failure with good
drug compliance, addition of another NA is indicated.
The second assessment of HBV DNA should then be

NEW PERSPECTIVES ON THE RESEARCH
OF MDR
There are still some limitations on the current research
on drug resistance. For instance, the genetic analysis of
resistance to NA inhibitors is usually focused on the RT
domain, and only infrequently takes into consideration
of the whole genome of intra-host HBV variants[80-82].
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Table 2 Patterns and pathways of antiviral drug resistance in chronic hepatitis B in the context of cross-resistance
Pathway
L-nucleoside (LAM/LdT)
Acyclic phosphonate (ADV)
Shared (LAM, LdT, ADV)
Double(ADV, TDF)
D-Cyclopentane (ETV)

Amino acid substitution in the rt domain

LAM

LdT

ETV

ADV

TDF

WT
M204I/V
N236T
A181T/V
A181T/V + N236T
L180M + M204V/I ± I169 ± T184 ± S202 ± M250

S
R
S
R
R
R

S
R
S
R
R
R

S
I
S
S
S
R

S
S
R
R
R
S

S
S
I
I
R
S

I: Intermediate sensitivity; R: Resistant; S: Sensitive based on cell culture and clinical; LAM: Lamivudine; LdT: Telbivudine; ETV: Entecavir; TDF: Tenofovir;
ADV: Adefovir.

Table 3 Management of antiviral-resistant hepatitis B virus in updated guidelines
[27]

[101]

AASLD 2009
LAM-resistance

EASL 2012

Add ADV or TDF
In patients with no prior exposure to other NA: Add LAM or ETV

Switch to TDF or add ADV
In patients with no prior exposure to other NA: Switch to ETV or
TDF
ADV-resistance In patients with prior LAM resistance: Switch to TDF plus LAM or In patients with prior LAM resistance: Switch to TDF and another
ETV
NA
ETV-resistance
Switch to TDF
Switch to or add TDF
TDF-resistance
-In patients with no prior exposure to LAM: Switch to ETV
In patients with prior LAM resistance: Add ETV
LAM: Lamivudine; LdT: Telbivudine; ETV: Entecavir; TDF: Tenofovir; ADV: Adefovir; NA: Nucleos(t)ide analogues.

done at week 24[97,98]. Treatment strategies in patients with
partial virologic response are based on the potency and
genetic barrier of the antiviral agent. Patients receiving
NA with a high genetic barrier can remain the treatment
beyond 48 wk. Patients receiving a less potent NA should
continue treatment and be re-assessed at week 48, and
those, who receive NA with a low genetic barrier, should
add a more potent drug due to the high risk of resistance
when the treatment is not adapted[26]. To avoid MDR, the
combination therapy of NA with cross-resistance should
be avoided. The patterns and pathways of antiviral drug
resistance in chronic hepatitis B in the context of crossresistance are listed in Table 2[99]. Patient’s adherence to
antiviral therapy is another important factor in avoiding
resistance. Adherence may be monitored using patient
reports, dispensed medication counts, or HBV DNA
detection[93]. If low response or virologic breakthrough
is observed with the primary treatment, gene sequencing should be done to find out the type and location of
mutations, in order to guide the optimal rescue therapy.
Recently, An et al[100] reported that the family history, negative conversion time of HBV DNA, and different NA
were independent risk factors of gene resistant mutation,
which provided a theoretical basis for predicting drug resistance and salvage treatment.
There is still no consensus statement on the management of MDR in current HBV treatment guidelines.
However, the guidelines for primary treatment failure
could be used in order to prevent MDR. The management of antiviral-resistant HBV in guidelines is listed in
Table 3[27,101]. In these updated guidelines, the combination therapy was not recommended in all circumstances.
The antiviral agents with high potency and high genetic
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barrier to resistance, such as ETV and TDF, could also
be used alone.

CONCLUSION
In summary, MDR to NA is a thorny issue in the antiHBV therapy. The clinical efficacy in patients has been
improved to some extent by the combination therapy.
ETV and TDF can be regarded as the optimal choice for
patients with MDR. Further investigations on the mechanisms and optimal treatment modalities are still lacking.
The progress and emergence of new genetic testing technology will probably improve the anti-HBV therapy. The
newly discovered forms of gene mutations to resistance
may provide useful clues to solve the problem of MDR.
The efficacy of IFN in patients with MDR needs further
exploration. The development of new anti-HBV agents,
which act not only on RT, but also on other targets of
HBV, may be a new approach to prevent MDR in NA.
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fibrosis in bile duct-ligated rats and human hepatic stellate
cells
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RESULTS: Treatment with Gardenia jasminoides decreased serum alanine aminotransferase (BDL vs BDL +
100 mg/kg Gardenia jasminoides , 146.6 ± 15 U/L vs 77
± 6.5 U/L, P = 0.0007) and aspartate aminotransferase (BDL vs BDL + 100 mg/kg Gardenia jasminoides ,
188 ± 35.2 U/L vs 128 ± 19 U/L, P = 0.005) as well
as hydroxyproline (BDL vs BDL + 100 mg/kg Gardenia
jasminoides , 438 ± 40.2 μg/g vs 228 ± 10.3 μg/g liver
tissue, P = 0.004) after BDL. Furthermore, Gardenia
jasminoides significantly reduced liver mRNA and/or
protein expression of transforming growth factor β1
(TGF-β1), collagen type Ⅰ (Col Ⅰ) and α-smooth muscle actin (α-SMA). Gardenia jasminoides significantly
suppressed the upregulation of TGF-β1, Col Ⅰ and
α-SMA in LX-2 exposed to recombinant TGF-β1. Moreover, Gardenia jasminoides inhibited TGF-β1-induced
Smad2 phosphorylation in LX-2 cells.
CONCLUSION: Gardenia jasminoides exerts antifibrotic effects in the liver fibrosis and may represent a novel
antifibrotic agent.
© 2012 Baishideng. All rights reserved.

Key words: Gardenia jasminoides ; Liver fibrosis; Collagen type Ⅰ; Transforming growth factor-β1/Smad2
pathway; α-smooth muscle actin

Abstract

Peer reviewer: Eddie Wisse, Professor, Cell Biology and His-

AIM: To investigate the anti-hepatofibrotic effects of
Gardenia jasminoides in liver fibrosis.

tology of the Faculty of Medicine and Pharmacy, Free University
of Brussels (VUB), Laarbeeklaan 103, B 1090 Brussels-Jette,
Belgium

METHODS: Male Sprague-Dawley rats underwent
common bile duct ligation (BDL) for 14 d and were
treated with Gardenia jasminoides by gavage. The ef-
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and D (Minneapolis, MN, United States). α-SMA and
TGF-β1 antibodies were purchased from Abcam (Cambridge, MA, United States). Phospho-Smad2 and Smad2
antibodies were obtained from Cell Signaling Technology
(Boston, MA, United States). α-tubulin antibody was
purchased from Sigma-Aldrich (St. Louis, MO, United
States). DMEM and fetal bovine serum (FBS), penicillin/
streptomycin and trypsin were obtained from Invitrogen
(Carsbad, CA, United States). Gardenia jasminoides standard (purity > 99%) was purchased from the Institute of
Chinese Pharmaceutical and Biological Products.

bile duct-ligated rats and human hepatic stellate cells. World J
Gastroenterol 2012; 18(48): 7158-7165 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i48/7158.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i48.7158

INTRODUCTION
Chronic liver injury causes the accumulation of extracellular matrix (ECM) such as α-smooth muscle actin
(α-SMA) in the liver and subsequently contributes to liver
fibrosis and later cirrhosis[1-6]. This eventually leads to hepatic dysfunction, portal hypertension, and hepatocellular
carcinoma (HCC)[7-9]. Hepatic stellate cells (HSC) are the
principal liver cells that promote liver fibrosis[3,9-12]. Upon
activation by various stimuli such as transforming growth
factor (TGF)-β1, HSC transdifferentiate into myofibroblasts and then produce excessive ECM proteins, resulting in liver fibrosis[13-15]. Strategies aimed at disrupting
TGF-β1 synthesis and/or signaling pathways markedly
ameliorates liver fibrosis in an experimental model[16].
Herbal medicines have been frequently investigated
for their hepatoprotective and antifibrotic effects in both
humans[17] and animal models[18]. A number of studies
have shown that administration of Chinese herbs lead
to a decrease in hepatic TGF-β1 expression and severity of fibrosis in rats[19,20]. Yin-Chen-Hao-Tang (YCHT)
decoctions have long been used as antiinflammatory, antipyretic, choleretic and diuretic agents for liver disorders
and jaundice. Several studies provide clinical evidence of
its effectiveness in the treatment of various liver disease.
YCHT is an aqueous extract derived from three herbs:
Artemisia capillaries Thunb (Herba Artemisiae Capillaris,
Yin-Cen-Hao), Gardenia jasminoides Ellis (Fructus Gardeniae,
Zhi-zi) and Rheum officinale Baill (Emodin, Da-huang) with
a ratio of 4:3:1 in weight. YCHT was reported to suppress liver fibrosis in rats induced by a choline-deficient
diet[21]. Long-term administration of YCHT in rats ameliorated hydrophilic bile acids-induced hepatic injury
presumably by reducing oxidative stress and the degree
of hepatic fibrosis[22]. These studies have indicated that
YCHT as a promising therapeutic agent in chronic liver
disease. Recent studies showed that Artemisia capillaries
and Emodin (the main compound of Rheum ofﬁcinale) are
well-known herbal hepatotherapeutic drugs for the treatment of liver fibrosis[23-25]. However, whether Gardenia
jasminoides has an anti-fibrotic effect on liver fibrosis and
the involved detailed mechanism has not been fully understood yet.
The aim of the current study is to investigate the beneficial effects of Gardenia jasminoides on liver fibrosis using
the bile duct ligation (BDL) rat model in vivo and TGFβ1-stimulated HSCs in vitro.

Preparation of Gardenia jasminoides
Gardenia jasminoides was prepared as described previously[22] by boiling the dried Gardenia jasminoides fruits with
distilled water for 5 h. The extract was ﬁltered, freezedried, and kept at 4  ℃. The yield of water extract of Gardenia jasminoides was 8.33% (w/w). The dried extract was
dissolved in distilled water before use.
Animal experiments
All animal experimental protocols were approved by the
local animal care and use committee according to criteria
outlined in Guide for the Care and Use of Laboratory
Animals from the National Academy of Sciences (National Institutes of Health publication 86-23, 1985 revision). For experiments with BDL, rats were randomly
divided into ﬁve groups (n = 8). Each day, four animals
underwent BDL, and a sham-operated animal was used
as a healthy control. Twenty-four hours after surgery, the
four BDL animals were randomly assigned to receive 14
d of daily gavage consisting of ddH2O (the treatment
control and vehicle), while treatment groups received
25, 50 and 100 mg/kg Gardenia jasminoides (suspended
in ddH2O) by gavage. The sham controls also received
ddH2O by gavage. At the end of experiment, rats were
anesthetized, serum was collected and livers were removed. Some portions of liver tissue were fixed in 10%
formalin or embedded in paraffin specimen medium.
Others were snap frozen in liquid nitrogen and stored at
-80  ℃ until use.
Serum biochemistry and liver histology
Serum alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) were analyzed with kits from
Thermo Fisher Scientific (United States). Formalin-ﬁxed
tissue was embedded in parafﬁn, and sections of liver (4
μm) were stained with hematoxylin and eosin (HE) to
evaluate the morphological changes and stage of liver
fibrosis according to the Ishak Stage Score. The liver hydroxyproline content was measured as described[26].
Quantitative real-time polymerase chain reaction
Total RNA was extracted using TRIzolTM Reagent (Invitrogen, United States) according to the manufacturer’s
instructions. Total RNA (1 μg) was reverse transcribed,
followed by quantitative real-time reverse transcription
polymerase chain reaction (qRT-PCR) using the Bio-Rad

MATERIALS AND METHODS
Materials
Recombinant human TGF- β 1 was obtained from R
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Table 1 Primer sequences for real-time reverse transcription polymerase chain reaction
Gene
Rat

TGF-β1
Col Ⅰ
GAPDH

Human

TGF-β1
Col I
GAPDH

Primer sequences

Size (bp)

Accession number

Forward: 5'-TACAACAGCACCCGCGACCG-3' Reverse: 5'-TGCGTTGTTGCGGTCCACCA-3'
Forward: 5'-ACCGGGCCGATGATGCCAAC-3' Reverse: 5'- ATGTGCGGGCGGGGTTCTTG-3'
Forward: 5'-GGGCTCTCTGCTCCTCCCTGTTC-3'
Reverse: 5'-ACGGCCAAATCCGTTCACACC-3'
Forward: 5'-TGTTCGCGCTCTCGGCAGTG-3' Reverse: 5'-GCCTCGATGCGCTTCCGCTT-3'
Forward: 5'-GAGCGGACGCTAACCCCCTC-3' Reverse: 5'-AGGGCGGTGGCCGCTAAGAG-3'
Forward: 5'-CAGCCTCCCGCTTCGCTCTC-3'
Reverse: 5'-ACCAGGCGCCCAATACGACC-3'

117
129
107

NM_021578.2
NM_053304.1
NM_017008.3

184
110
143

NM_000660.4
NM_000088.3
NM_002046.4

TGF-β1: Transforming growth factor-β1; Col Ⅰ: Collagen type Ⅰ; GAPDH: Glyceraldehydes-3-phosphate dehydrogenase.

jasminoides (25, 50, 100 mg/kg body weight) for 2 wk.
BDL in rats is associated with significant increases in
liver fibrosis; this was confirmed by HE staining of liver
tissues. In contrast, Gardenia jasminoides treatment groups
had significantly less liver fibrosis (Figure 1), with the
lowest scores in the 100 mg/kg Gardenia jasminoides treatment group.
Gardenia jasminoides treatment also reduced the elevated levels of serum ALT and AST, which are indicators of hepatocellular damage induced by BDL (Figure
2A and B). Hydroxyproline analysis revealed significantly
lower levels of this fibrosis marker in the livers of the
Gardenia jasminoides treatment groups (Figure 2C). This
was also confirmed by hepatic histology. In particular,
the hydroxyproline content in the 100 mg/kg group was
reduced to levels similar to those in the control group.
To uncover the mechanisms underlying this beneficial phenomenon, we investigated the effects of Gardenia
jasminoides on the expression of fibrotic gene. mRNA
expression of TGF- β 1 and collagen Ⅰ (Col Ⅰ ) was
significantly reduced in the livers of Gardenia jasminoides treatment groups (Figure 2D and E). Western blot
analysis also revealed a significant reduction in α-SMA
protein expression in the livers of groups treated by 50
and 100 mg/kg Gardenia jasminoides, respectively (Figure
2F). Taken together, these data suggest that the Gardenia
jasminoides therapy greatly reduces fibrosis formation in
BDL rats.

iCycler Iq system. The qRT-PCR reactions were carried out in a total volume of 25 μL containing 12.5 μL
of SYBR Premix Ex TaqTM (2 ×) (TaKaRa Biotechnology Co., Ltd, Dalian, China), 2 μL of cDNA, 5 pmol
of forward and reverse primers, and 9.5 μL of distilled
H2O. The sequences of the rat and human primers used
are listed in Table 1, respectively. PCR was performed at
95  ℃ for 30 s, and then run for 45 cycles at 95 ℃ for 5
s and 60 ℃ for 20 s. The relative amount of mRNA was
calculated using the comparative Ct (ΔΔCt)[27]. The glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene
was used as a reference for normalizing data. The derived
normalized values were the mean of three runs.
Western blotting
Total proteins were extracted and subjected to SDSPAGE and analyzed by immunoblotting as described previously[28]. Primary antibodies against α-SMA, p-Smad2,
Smad2 and α-tubulin were used. Horseradish peroxidasecoupled secondary antibodies were bought from Promega (Promega). The protein bands were detected employing ECL chemiluminescence (Thermo Scientific).
Cell culture
LX-2, a well-characterized cell line derived from human HSCs, was used in the in vitro studies. Recombinant
TGF-β1 and Gardenia jasminoides (Standard) were used
at doses shown in individual figure legends. Cells were
cultured in DMEM supplemented with 10% fetal bovine
serum, 1 mmol/L L-glutamine, and 100 IU/mL streptomycin/penicillin.

Treatment with Gardenia jasminoides attenuates
TGF-β 1-induced HSC activation
Because Gardenia jasminoides reduced markers of hepatic fibrosis in BDL rats, we next examined whether this therapy
has similar antifibrotic effects in a human HSC line (LX-2
cells). The mRNA levels of TGF-β1 and Col Ⅰ were significantly increased in response to recombinant TGF-β1
for 24 h. However, Gardenia jasminoides downregulated the
mRNA levels of TGF-β1 and Col Ⅰ in LX-2 exposed to
TGF-β1 in a dose-dependent manner (Figure 3A and B).
The protein expression of α-SMA as detected by Western blotting was also reduced in LX-2 cells after Gardenia
jasminoides treatment (Figure 3C). Together, these results
indicate that Gardenia jasminoides exerts its antifibrotic effects in the liver by repressing TGF-β1, Col Ⅰ and α-SMA
expression.

Statistical analysis
SPSS version 16.0 for Windows was used for all analysis.
All values are expressed as mean ± SD. The statistical significance between experimental groups was determined
by t test or analysis of variance. P values < 0.05 were
considered statistically significant.

RESULTS
Treatment with Gardenia jasminoides attenuated liver
fibrosis in BDL rats
Both BDL and sham-operated rats were orally administered continuously either with the vehicle or Gardenia
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Figure 1 Gardenia jasminoides markedly improved the histology in bile duct ligation rats. Representative pictures of hematoxylin and eosin staining (magnification ×200) from rats subjected to bile duct ligation (BDL) or sham-operated rats treated with vehicle or Gardenia jasminoides. A: Sham; B: BDL + vehicle; C: BDL
+ Gardenia jasminoides (25 mg/kg per day); D: BDL+ Gardenia jasminoides (50 mg/kg per day); E: BDL+ Gardenia jasminoides (100 mg/kg per day); F: Scores of
double-blinded assessments of liver histology with respect to fibrosis. bP < 0.01 vs sham; cP < 0.05, dP < 0.01 vs BDL + vehicle (n = 8).

Gardenia jasminoides reduces Smad2 phosphorylation
in TGF-β 1-stimulated LX-2 cells
Phosphorylated Smad2 plays an important role in the
activation of TGF-β1-induced Col Ⅰ and α-SMA expression[29-31]. To determine whether Gardenia jasminoides
attenuation of Col Ⅰ and α-SMA expression is mediated
through this pathway, we measured Smad2 expression
and phosphorylation levels. As shown in Figure 4, Gardenia jasminoides significantly reduced Smad2 phosphorylation induced by TGF-β1 in LX-2 cells without affecting
the total amount of Smad2, thereby suggesting that the
inhibitory effects of Gardenia jasminoides on the expression of Col Ⅰ and α-SMA is mediated by the blocking of
TGF-β1-stimulated Smad2 phosphorylation.

with cholestatic liver diseases. As seen in this report, this
hypothesis is supported by our experimental results. Biochemical and gene expression analyses demonstrated that
elevated markers of liver dysfunction such as ALT and
AST were reduced by Gardenia jasminoides.
Continuous accumulation of the ECM causes hepatofibrosis. Collagen is the main component of the extracellular matrix in fibrotic tissue[3]. Hydroxyproline, a
major component of collagen, was used as an indicator
for evaluation of the degree of liver fibrosis[33]. Gardenia
jasminoides treatment (50 and 100 mg/kg) significantly
attenuated collagen accumulation as evidenced by the inhibition of BDL-elevated hydroxyproline concentrations
and the proportion of fibrotic tissue.
It is well-known that HSCs activation plays a pivotal role in the process of liver fibrosis, and α-SMA is
a marker of activated HSCs[12,34,35]. In the current study,
Western blotting indicated that Gardenia jasminoides (50
and 100 mg/kg) markedly suppressed the activation of
HSCs. To determine whether human cells would show
react similarly to Gardenia jasminoides, we treated human
HSCs cell line, LX-2 cells, with different concentrations
of Gardenia jasminoides. In contrast to vehicle, Gardenia jasminoides decreased the expression of TGF-β1, Col Ⅰ and
α-SMA. These data are consistent with the results of our
in vivo study. Together, these results provide compelling
evidence supporting the beneficial effects of Gardenia jasminoides on the rat model of cholestasis and human liver
cells.
Further analysis of this antifibrotic effect suggests
that Gardenia jasminoides suppressed the expression of
Col Ⅰ and α -SMA via the TGF- β 1/Smad2 signaling

DISCUSSION
Liver fibrosis is a key risk factor for the development of
cirrhosis and chronic liver failure. Activation of HSCs is
a crucial component of this process[11,12]. In the current
study, we evaluated the therapeutic effects of Gardenia jasminoides in vivo in a BDL cholestatic rat model and in vitro
in human hepatic cells.
Chronic cholestasis leads to liver necrosis, fibrosis, and
cirrhosis, partly due to an accumulation of toxic bile acids
in the liver[32]. Therapy with Gardenia jasminoides is based
on the hepatoprotective properties of YCHT decoctions
containing Gardenia jasminoides[22]. Because previous studies
have demonstrated that the other two ingredients, Artemisia capillar Thunb and Rheum officinale Baill, have hepatoprotective properties, we hypothesized that Gardenia
jasminoides might also improve hepatic function in patients
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Figure 2 Biochemical and fibrotic gene expression in bile duct ligation rats. Gardenia jasminoides significantly improved liver function and reduced the expression of liver fibrosis marker genes from rats submitted to bile duct ligation (BDL) or sham-operated rats treated with vehicle or Gardenia jasminoides. A: Serum levels
of alanine aminotransferase (ALT); B: Serum levels of aspartate aminotransferase (AST); C: Liver hydroxyproline content; D, E: Liver mRNA expression of transforming growth factor-β1 (TGF-b1) (D) and collagen type Ⅰ(Col Ⅰ) (E); F: Liver protein expression of α-smooth muscle actin (α-SMA) detected by Western blotting. bP <
0.01 vs sham; cP < 0.05, dP < 0.01 vs BDL + vehicle (n = 8).

pathway. HSCs are the major target of TGF-β1, which
helps to stimulate the transdifferentiation of HSCs into
fibrogenic myofibroblasts[36]. The production of TGF-β1
is upregulated in myofibroblasts and proliferating bile

WJG|www.wjgnet.com

duct epithelia after BDL, which further contribute to the
fibrogenic process in an autocrine/paracrine manner[37].
Downstream signaling in HSCs involves signaling transcription factors such as Smad2. In addition, TGF-β1 is
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Figure 4 Gardenia jasminoides significantly reduced transforming growth
factor-β1-induced Smad2 phosphorylation and Smad2 protein expression
in LX-2 cells. Cells were exposed to transforming growth factor-β1 (TGF-b1)
(5 ng/mL) in combination with the indicated concentrations of Gardenia jasminoides or vehicle for 24 h. The expression of p-Smad2 and Smad2 in LX-2 cells
was evaluated by Western blotting. bP < 0.01 vs sham; cP < 0.05, dP < 0.01 vs
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thought to mediate the activation of Smad2 through its
phosphorylation[38]. Here, we found that Gardenia jasminoides reduced Smad2 phosphorylation in a dose-dependent
manner using LX-2 cells. These findings are consistent
with a significant antifibrotic effect of Gardenia jasminoides
mediated through the inhibition of the TGF-β1/Smad2
pathway. How Gardenia jasminoides represses Smad2 phosphorylation remains to be determined.
In summary, we demonstrate that Gardenia jasminoides improves the therapeutic response in a rat model of
cholestasis and in vitro in human hepatic cells. These findings suggest that Gardenia jasminoides might be beneficial
in patients with chronic cholestatic disorders. To further
elucidate the detailed mechanisms, additional comparative
studies will be needed to investigate the hepatoprotective
of Gardenia jasminoides on other liver disease models as
well as patients with liver fibrosis.
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Figure 3 Gardenia jasminoides significantly reduced the expression of
fibrotic marker genes in a human hepatic stellate cells line. Cells were
exposed to transforming growth factor-β1 (TGF-b1) (5 ng/mL) in combination
with the indicated concentrations of Gardenia jasminoides or vehicle for 24 h.
A: mRNA expression of TGF-β1 in LX-2 cells; B: mRNA expression of collagen
type Ⅰ(Col Ⅰ) in LX-2 cells; C: Western blotting analysis of α-smooth muscle
actin (α-SMA) expression in LX-2 cells. bP < 0.01 vs sham; cP < 0.05, dP < 0.01
vs TGF-β1 + vehicle (n = 3).
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Background

Liver fibrosis is a major cause of morbidity and mortality worldwide. However,
there are only a few effective antifibrotic therapies for patients with liver fibrosis.
Yin-Chen-Hao-Tang (YCHT) decoctions has long been used as antiinflammatory, antipyretic, choleretic and diuretic agent for liver disorders and jaundice and
several studies provide clinical evidence for its effectiveness in the treatment
of various liver disease. However, whether Gardenia jasminoides, one of the
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components of YCHT decoctions, has anti-fibrotic effect on liver fibrosis and the
involved detailed mechanism has not been fully understood yet. In the present
study, the anti-hepatofibrotic effects of Gardenia jasminoides were evaluated.

10

Research frontiers

Strategies aimed at disrupting transforming growth factor β1 (TGF-β1) synthesis and/or signaling pathways markedly ameliorates liver fibrosis in experimental model. Inhibition of TGF-β1 signaling pathway may be related to the protective effects of Gardenia jasminoides on the bile duct ligation (BDL) rat model in
vivo and TGF-β1-stimulated HSCs in vitro.

11

Innovations and breakthroughs

Treatment with Gardenia jasminoides decreased serum alanine aminotransferase and aspartate aminotransferase as well as hydroxyproline after BDL.
Protective mechanisms of Gardenia jasminoides are associated with reduced
hepatic mRNA and/or protein expression of TGF-β1, collagen type Ⅰ (Col Ⅰ)
and α-smooth muscle actin (α-SMA). Gardenia jasminoides significantly suppressed the expression of TGF-β1, Col Ⅰ and α-SMA in hepatic stellate cells
exposed to recombinant TGF-β1. Moreover, Gardenia jasminoides inhibited
TGF-β1-induced Smad2 phosphorylation in hepatic stellate cells.

12

13
14

Applications

By understanding the effects and mechanism of Gardenia jasminoides on liver
fibrosis, the present study may present a promising strategy in the treatment of
patients with liver fibrosis.

Peer review

The present manuscript describes the effect of Gardenia jasminoides extract
(YCHT) on the process of fibrosis that develops in rat liver after ligation of the
common bile duct. This Chinese herbal medicine reduced the levels of serum
transaminases, hydroxyproline, TGF-β1 (and its mRNA), collagen type 1 and
α-smooth muscle actin. The treatment also decreases the TGF-β1-induced
Smad2 phosphorylation in a human stellate cell line LX-2. This study clearly
demonstrates that treatment of fibrosis, even by classical medical treatment has
an effect.
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ORIGINAL ARTICLE

Oridonin induces apoptosis in gastric cancer through
Apaf-1, cytochrome c and caspase-3 signaling pathway
Ke-Wang Sun, Ying-Yu Ma, Tian-Pei Guan, Ying-Jie Xia, Chang-Ming Shao, Le-Gao Chen, Ya-Jun Ren, Hai-Bo Yao,
Qiong Yang, Xu-Jun He
tation (a hallmark of apoptosis) and lactate dehydrogenase activity were examined using DNA ladder assay
and lactate dehydrogenase-release assay. After treated
with oridonin (0, 1.25, 2.5, 5 and 10 μg/mL), HGC-27
cells were collected for anexin V-phycoerythrin and
7-amino-actinomycin D double staining and tested by
flow cytometric analysis, and oridonin- induced apoptosis in HGC-27 cells was detected. After treatment with
oridonin for 24 h, the effects of oridonin on expression
of Apaf-1, Bcl-2, Bax, caspase-3 and cytochrome c
were also analyzed using reverse-transcript polymerase
chain reaction (RT-PCR) and Western blotting.

Ke-Wang Sun, Qiong Yang, Department of Thyroid and Breast
Surgery, Zhejiang Provincial People’s Hospital, Hangzhou 310014,
Zhejiang Province, China
Ying-Yu Ma, Ying-Jie Xia, Xu-Jun He, Key Laboratory of Gastroenterology of Zhejiang Province, Zhejiang Provincial People’s
Hospital, Hangzhou 310014, Zhejiang Province, China
Tian-Pei Guan, Chang-Ming Shao, Le-Gao Chen, Hai-Bo
Yao, Surgical Department, Wenzhou Medical College, Wenzhou 310025, Zhejiang Province, China
Ya-Jun Ren, Surgical Department, Zhejiang Chinese Medical
University, Hangzhou 310014, Zhejiang Province, China
Author contributions: Sun KW and He XJ designed research;
Ma YY, Guan TP, Xia YJ, Shao CM, Chen LG, Ren YJ, Yao HB
and He XJ performed the majority of experiments; Xia YJ, Shao
CM, Ren YJ and Yang Q provided vital reagents and analytical
tools; Sun KW, Guan TP and He XJ analyzed data; and Ma YY
and He XJ wrote the paper.
Supported by Medical and Health Research Foundation of
Zhejiang Province, No. 2009B019
Correspondence to: Xu-Jun He, Research Associate, Key
Laboratory of Gastroenterology of Zhejiang Province, Zhejiang
Provincial People’s Hospital, No. 158, Shangtang Road, Hangzhou 310014, Zhejiang Province, China. hxj0105099@126.com
Telephone: +86-571-85893781 Fax: +86-571-85131448
Received: March 30, 2012
Revised: September 21, 2012
Accepted: October 16, 2012
Published online: December 28, 2012

RESULTS: Oridonin significantly inhibited the proliferation of HGC-27 cells in a dose- and time-dependent
manner. The inhibition rates of HGC-27 treated with
four different concentrations of oridonin for 24 h (1.25,
2.5, 5 and 10 μg/mL) were 1.78% ± 0.36%, 4.96% ±
1.59%, 10.35% ± 2.76% and 41.6% ± 4.29%, respectively, which showed a significant difference (P < 0.05).
The inhibition rates of HGC-27 treated with oridonin at
the four concentrations for 48 h were 14.77% ± 4.21%,
21.57% ± 3.75%, 30.31% ± 4.91% and 61.19% ±
5.81%, with a significant difference (P < 0.05). The
inhibition rates of HGC-27 treated with oridonin for 72
h at the four concentrations were 25.77% ± 4.85%,
31.86% ± 3.86%, 48.30% ± 4.16% and 81.80% ±
6.72%, with a significant difference (P < 0.05). Cells
treated with oridonin showed typical apoptotic features with acridine orange/ethidium bromide staining.
After treatment with oridonin, the cells became round,
shrank, and developed small buds around the nuclear
membrane while forming apoptotic bodies. Lactate
dehydrogenase (LDH) release assay showed that after
treated with 1.25 μg/mL and 20 μg/mL oridonin for
24 h, LDH release of HGC-27 caused by apoptosis increased from 22.94% ± 3.8% to 52.68% ± 2.4% (P
< 0.001). However, the change in the release of LDH
caused by necrosis was insignificant, suggesting that

Abstract
AIM: To investigate the effect and mechanism of oridonin on the gastric cancer cell line HGC-27 in vitro .
METHODS: The inhibitory effect of oridonin on HGC-27
cells was detected using the 3-(4, 5-dimethylthiazol2-yl)-2,5-diphenyl tetrazolium bromide assay. After
treatment with 10 μg/mL oridonin for 24 h and 48 h,
the cells were stained with acridine orange/ethidium
bromide. The morphologic changes were observed under an inverted fluorescence microscope. DNA fragmen-
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present with advanced stage. Surgery plus chemotherapy
remains the first-line therapy. Despite rapid advances in
surgical procedures and radiotherapy/chemotherapy, few
chemotherapeutic drugs for gastric cancer have shown
promising results. Treatment efficacies vary from person
to person, with a prevalence of cure of < 30%[3]. Therefore, it is important to search and develop new and more
effective anti-gastric cancer drugs. In recent years, traditional Chinese medicine (TCM) has played an increasingly
important role in the prevention and treatment of tumors. In particular, the integration of TCM with Western
medicine has appreciably improved the efficacy of drug
combinations and prolonged patient survival.
Rabdosia rubescens, a medicinal herb in TCM, has therapeutic actions (e.g., heat-clearing, detoxifying, anti-inflammation, antinociceptive, anti-tumor). Oridonin (molecular
formula: C20H2006; relative molecular weight: 364.42) is a
tetracyclic diterpenoid compound. It is a monomer component extracted from Rabdosia rubescens. In China, structural and pharmacological studies on Rabdosia rubescens
started in the mid 1980s. Results indicated that oridonin
is one of the most important anti-tumor components of
Rabdosia rubescens[4,5]. Studies have suggested that oridonin
has certain anti-tumor effects on cervical cancer, human
epidermal squamous cell carcinoma, leukemia, liver cancer, malignant melanoma, colon cancer, breast cancer,
and other tumors[6-12]. A study on colon cancer found
that the mechanism of oridonin-induced apoptosis and
aging of colon cancer cells might lie in increased histone
acetylation and changes in the expressions of p16, p21,
p27 and c-myc[13]. A study on laryngeal cancer indicated
that oridonin can induce apoptosis through inhibiting the
epidermal growth factor receptor signaling pathway and
by increasing oxidative stress[14]. Oridonin can induce the
apoptosis of hepatoma cells through the reactive oxygen
species-mitogen-activated protein kinase-p53 pathway[15].
In another study on cervical cancer, oridonin induced the
apoptosis of cervical cancer cells through the phosphatidyl inositol 30-kinase-Akt pathway[16]. In addition, some
recent studies suggested that oridonin can also inhibit the
proliferation of tumor cells by increasing the autophagy
of tumor cells[17-19]. All of these findings suggest that oridonin has good anti-tumor effects.
Our previous studies on gastric cancer also suggested
that oridonin has a notable inhibitory effect on the proliferation of gastric cancer cells[20]. However, the exact
mechanism by which oridonin induces the apoptosis of
gastric cancer cells remains undefined. In this study, the
effect of oridonin on gastric cancer cells and its possible
mechanism of action were explored.

the major cause of oridonin-induced HGC-27 cell death
was apoptosis. Flow cytometric analysis also revealed
that oridonin induced significant apoptosis compared
with the controls (P < 0.05). And the apoptosis rates
of HGC-27 induced by the four different concentrations
of oridonin were 5.3% ± 1.02%, 12.8% ± 2.53%,
28.5% ± 4.23% and 49.6% ± 3.76%, which were in
a dose-dependent manner (P < 0.05). After treatment
for 24 h, DNA ladder showed that oridonin induced a
significant increase in DNA fragmentation in a dosedependent manner. RT-PCR revealed that mRNA expression levels were up-regulated compared with the
controls in caspase-3 (0.917 ± 0.103 vs 0.357 ± 0.019,
P < 0.05), cytochrome c (1.429 ± 0.111 vs 1.002 ±
0.014, P < 0.05), Apaf-1 (0.688 ± 0.101 vs 0.242 ±
0.037, P < 0.05) and Bax (0.856 ± 0.101 vs 0.278 ±
0.027, P < 0.05) (P < 0.05), whereas down-regulated
in Bcl-2 (0.085 ± 0.012 vs 0.175 ± 0.030, P < 0.05).
Western blotting analysis also confirmed this result.
CONCLUSION: Apoptosis of HGC-27 induced by oridonin may be associated with differential expression of
Apaf-1, caspase-3 and cytochrome c, which are highly
dependent upon the mitochondrial pathway.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is a common cancer of the digestive system and the second most common type of cancer worldwide. Its incidence varies among different regions and
countries. There are approximately 934 000 new cases of
gastric cancer worldwide each year, of which 56% occur
in East Asia. Among these new cases in East Asia, 41%
come from China and 11% from Japan[1,2]. Most patients
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MATERIALS AND METHODS
Experimental reagents
The human gastric cancer cell line HGC-27 as well as the
instruments and equipments needed for this study were
provided by the Zhejiang Provincial Key Laboratory of
Gastroenterology (Zhejiang, China). Roswell Park Memo-
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rial Institute (RPMI) 1640 medium was purchased from
the Shanghai Pufei Biotech (Shanghai, China). Fetal bovine
serum (FBS), 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide, acridine orange/ethidium bromide
(AO/EB) fluorescent dye and lactate dehydrogenase (LDH)
test reagents were purchased from YK Biotech (Hangzhou,
China). Bcl-2, Bax, Apaf-1, caspase-3 and β-actin primers
were synthesized by Invitrogen (Shanghai, China). Trziol
RNA extraction reagent was purchased from Invitrogen
(Carlsbad, CA, United States). Taq DNA polymerase and
PrimeScript™ reverse-transcript polymerase chain reaction
(RT-PCR) Kit and other PCR reagents were purchased
from TaKaRa Corporation (Osaka, Japan).

tions of oridonin using 0.4% Triton X-100 for 30 min
on ice. Cell lysate supernatants were centrifuged at 3000
g for 5 min at 4 ℃: these were marked “LDHlive”. LDH
levels were measured in the three supernatants mentioned above (LDHnecrosis, LDHapoptosis and LDHlive) on a
fully automatic biochemical analyzer (LX20; Beckman
Coulter, Brea, CA, United States). LDH levels in supernatants (LDHnecrosis and LDHapoptosis) were applied for the
analysis of oridonin-induced necrosis and apoptosis of
HGC-27 cells. The percentages of apoptosis and necrosis were calculated using the following formulae:
Necrosis (%) = [LDHnecrosis/(LDHnecrosis + LDHapoptosis +
LDHlive)] × 100%
Apoptosis (%) = [LDHapoptosis/(LDHnecrosis + LDHapoptosis +
LDHlive)] × 100%

Cell culture
HGC-27 cells were routinely cultivated in RPMI 1640
medium containing 10% FBS, 100 U/mL penicillin, and
100 U/mL streptomycin at 37 ℃ with 5% CO2. Cells
were passaged at 80% confluency using 1 mmol/L ethylene diamine tetraacetic acid (EDTA)-0.025% trypsin for
3-5 min, and subcultured at a ratio of 1:3-1:5. Cells at the
logarithmic growth phase were collected for experiments.

DNA fragmentation (DNA ladder) assay
HGC-27 cells (including suspended cells and adherent
cells) were collected after treatment with oridonin (0, 1.25,
2.5, 5, 10 μg/mL) for 24 h. They were rinsed three times
in PBS at 4 ℃. This was followed by degradation using
100 μg cell lysates (1% NP-40, 20 mmol/L EDTA, 50
mmol/L Tris-HCl, pH 7.5) at 4 ℃ for 10 min, followed
by centrifugation at 15 000 g for 20 min. RNase A (20
μg/mL) was added to the supernatant at 37 ℃ for 1 h.
Then 20 μL 0.5 mol/L NaCl and 120 μL 50% isopropanol were added and the mixture left overnight at –
20 ℃. The supernatant was removed after centrifugation
at 15 000 g for 15 min at 4 ℃. The supernatant was allowed to dry naturally and was dissolved in TE buffer (10
mmol/L Tris-HCl pH 7.4, 10 mmol/L EDTA pH 8.0),
followed by electrophoresis at 100 V for 40 min using 0.1
mg/L, 2% agarose gels. A gel imaging system (FluorChem
FC2; Alpha Innotech, Palo Alto, CA, United States) was
used for observation and taking photographs.

Determination of inhibition of cell growth
HGC-27 cells at the logarithmic growth phase were obtained. The cell concentration was adjusted to 4 × 104/
mL. Then, 200 μL of the above-mentioned cell suspension was added into each well of several 96-well plates.
When cells adhered to the wall, the stock solution of
oridonin (50 mg/mL) was added into each well to obtain
final concentrations of oridonin of 0, 1.25, 2.5, 5 and
10 μg/mL. Five parallel wells were established for each
drug concentration. After each well was removed from
the incubator after different time periods of cultivation
(based on experimental design), 20 μL MTT [prepared
using 5 mg/mL phosphate-buffered saline (PBS) at pH
7.4] was added. The well was removed again after 4 h
of cultivation. The supernatant was aspirated carefully;
150 μL dimethyl sulfoxide was added to each well and
homogenized. A Multi-Mode Microplate Reader (Infinite
M200; Tecan, Geneva, Switzerland) was used to determine the absorbance (A), with a detection wavelength
of 570 nm and a reference wavelength of 630 nm. The
inhibition of cell growth was calculated using the following formula:
Inhibition (%) = [1 - (Atreated - Ablank)/(Acontrol - Ablank)] × 100%

Flow cytometric analysis
HGC-27 cells were treated by oridonin (0, 1.25, 2.5, 5,
10 μg/mL) as describe above and the cells were collected
for anexin V-phycoerythrin and 7-amino-actinomycin D
double staining. Briefly, the cells were washed with PBS
for three times, and stained according to the manufacturer’s instructions (Guava Nexin® Reagent kit, 4700-1140,
Millipore, United States). Samples were then analyzed
using Guava EasyCyte Plus (Millipore, United States)
within 30 min after the staining.

Determination of LDH activity
HGC-27 cell culture media treated with oridonin (0, 1.25,
2.5, 5, 10 and 20 μg/mL) for 24 h were collected. After
centrifugation of the cell culture medium at 1000 g for 5
min at 4 ℃, supernatants were carefully aspirated: these
were marked “LDHnecrosis”. Precipitated cells were rinsed
three times in PBS (pH 7.4), and then lysed with 0.4%
Triton X-100 for 30 min on ice. Cell lysate supernatants
were centrifuged at 3000 g for 5 min at 4 ℃: these were
marked “LDHapoptosis”. Residual adherent HGC-27 cells
were collected after treatment with different concentra-
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Cell morphology
AO/EB apoptotic staining was used to detect the morphology of apoptotic cells. After treatment with 10 μg/
mL oridonin for 24 h and 48 h, the cells were washed three
times in PBS at room temperature. The 80 μL AO/EB
cocktail (Solomon Bio-Sci and Tech Co, China) was added
to the culture plates for 30 min prior to observation under
an inverted fluorescence microscope (IX71; Olympus,
Tokyo, Japan). Viable cells stained only by AO appeared
bright green with intact structure, whereas cells in early
apoptosis showed bright green nuclear staining. Late apop-
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Table 1 Primers used in the study
Primer (forward)
β-actin
Apaf-1
Bcl-2
Caspase-3
Bax
Cytochrome c

5-CGGGACCTGACTGACTACCTC
5-TTAGGAGCCAGGTGCGGT
5-TCGCCCTGTGGATGACTG
5-CATCCAGTCGCTTTGTGCC
5-CCCGAGAGGTCTTTTTCC
5-GAGCGGGAGTGTTCGTTGT

Primer (reverse)

Product size (bp)

5-GGACTCGTGATACTCCTGCTTG
5-GCTTGTCTTTCTTCCCATTTTTC
5-CAGGAGAAATCAAACAGAGGC
5-TGCCCACAGATGCCTAAGTTC
5-GCCTTGAGCACCAGTTTG
5-GTCTGCCCTTTCTTCCTTCT

500
148
124
619
108
327

Statistical analysis
The experiments were repeated three times independently. Data were presented as the mean ± SD. Data were
analyzed using SPSS software ver13.0 (SPSS, Chicago, IL,
United States). If the results were distributed normally,
the two independent samples t test was used for comparison. For comparisons between groups of more than two
unpaired values, one-way analysis of variance (ANOVA)
was used. If an ANOVA F value was significant, posthoc comparisons were performed between groups. If results were not normally distributed, the Mann-Whitney U
test was used to compare two groups of unpaired values,
whereas for comparisons between groups of more than
two unpaired values, the Kruskal-Wallis H test was used.
P < 0.05 was considered significant.

totic cells stained by AO low and EB were red-orange with
condensation of chromatin as dense orange areas. The
experiment was repeated three times in each group.
Semi-quantitative RT-PCR analysis
HGC-27 cells were collected after treatment with 10 μg/
mL oridonin for 24 h. Total cellular RNA was extracted
using the Trizol Reagent Kit according to manufacturer’s
instructions. The concentration and quality of total RNA
extracted were confirmed using a Protein-Nucleic Acid
Analyzer (GeneQuant Pro DNA/RNA; GE Healthcare,
Piscataway, NJ, United States) and RNA electrophoresis.
cDNA synthesis and PCR detection were conducted using a PCR instrument (PTC-200; Bio-Rad, Hercules, CA,
United States) according to the instructions given for
the PrimeScript™ RT-PCR Kit. Primers were designed
using the freely available primer design software Primer
Premier 5.0. The primers of β-actin, Apaf-1, Bcl-2, Bax,
caspase-3 and cytochrome c are shown in Table 1.
The reaction conditions were as follows: 94 ℃ for
4 min; 94 ℃ for 45 s, 50 ℃ for 45 s, and 72 ℃ for 45 s,
for 30 cycles; and followed by extension at 72 ℃ for 10
min before ending. Electrophoresis (1% agarose gel, 120
V for 30 min) was carried out. The gel imaging system
(FluorChem FC2; Alpha Innotech) was used for observation and taking photographs.

RESULTS
Inhibitory effect of oridonin on growth of HGC-27 cells
The HGC-27 cell-growth inhibition rate after treatment
with different concentrations of oridonin (0, 1.25, 2.5, 5,
10 μg/mL) is shown in Figure 1A. The inhibition rates of
HGC-27 treated with the four different concentrations of
oridonin for 24 h (1.25, 2.5, 5, 10 μg/mL) were 1.78% ±
0.36%, 4.96% ± 1.59%, 10.35% ± 2.76% and 41.6% ±
4.29%, with a significant difference (P < 0.05). The inhibition rates of HGC-27 treated with oridonin for 48 h at
the four concentrations were 14.77% ± 4.21%, 21.57%
± 3.75%, 30.31% ± 4.91% and 61.19% ± 5.81%, with
a significant difference (P < 0.05). The inhibition rates
of HGC-27 treated with oridonin for 72 h at the four
concentrations were 25.77% ± 4.85%, 31.86% ± 3.86%,
48.30% ± 4.16% and 81.80% ± 6.72%, respectively, with
a significant difference (P < 0.05). As the drug concentration increased, HGC-27 cell-growth inhibition was gradually enhanced.

Western blotting verification
Gastric cancer cell samples were homogenized in lysis
buffer (50 mmol/L Tris-HCl, pH 8.0, 150 mmol/L, 1%
Triton X-100, and 100 μg/mL Phenylmethanesulfonyl
fluoride). The concentration of total protein was quantitated by bicinchoninic acid method. Sixty μg total proteins from each sample were loaded on a 15% sodium
dodecylsulfonate-polyacrylate gel electrophoresis gel and
the proteins were transferred to a polyvinylidene fluoride
membrane (Bio-Rad, United States). Blotted membranes
were blocked in 5% bovine serum albumin and subsequently exposed to primary antibodies specific for Apaf-1
(1:500, sc65891, Santa Cruz, United States), Bcl-2 (1:300,
sc7382, Santa Cruz, United States), Bax (1:300, sc70406,
Santa Cruz, United States), caspase-3 (1:300, sc7272, Santa
Cruz, United States) and cytochrome c (1:800, sc13156,
Santa Cruz, United States), respectively. After incubation
with the appropriate secondary antibody, the membranes
were treated with electrochemiluminescence reagent
(Generay, China) and exposed to autoradiographic films.
Beta-actin was also detected as an internal control.
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Oridonin induced apoptosis of HGC-27 cells
HGC-27 cells were tested by LDH release assay after treated with oridonin for 24 h, and we found that apoptosisinduced LDH release increased from 22.94% ± 3.8% at
1.25 μg/mL to 52.68% ± 2.4% at 20 μg/mL) (P < 0.001).
However, the change in the release of LDH caused by
necrosis was insignificant (P > 0.05, Figure 1B), suggesting that the major cause of oridonin-induced HGC-27 cell
death was apoptosis.
DNA of HGC-27 cells was also extracted and tested by
DNA ladder analysis after treatment with oridonin for 24
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Figure 1 Inhibition of growth and lactate dehydrogenase release assay of HGC-27 cells after treatment with different concentrations of oridonin. A: Inhibition of growth HGC-27 cells; B: Lactate dehydrogenase (LDH) release assay of HGC-27 cells. The change in the release of LDH caused by apoptosis was significant.
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the typical features of cells at different phases of apoptosis could be seen. Live cytoplasm and nuclei appeared
all green. Early apoptotic nuclei were yellowish-green and
pyknotic, and the cytoplasm was stained green. In the
mid-phase and late apoptosis, nuclei were pyknotic, and
nuclei and cytoplasm were yellowish-green. Dying cells
were pyknotic and red-orange (Figure 4E and F).

Marker

Effect of oridonin on HGC-27-induced gene expression
After treatment with oridonin for 24 h, gray ratio analyses of RT-PCR revealed that mRNA expression was upregulated compared with control in caspase-3 (0.917 ±
0.103 vs 0.357 ± 0.019, P < 0.05), cytochrome c (1.429 ±
0.111 vs 1.002 ± 0.014, P < 0.05), Apaf-1 (0.688 ± 0.101
vs 0.242 ± 0.037, P < 0.05) and Bax (0.856 ± 0.101 vs 0.278
± 0.027, P < 0.05), whereas down-regulated in Bcl-2 (0.085
± 0.012 vs 0.175 ± 0.030, P < 0.05). These findings suggested that oridonin-induced apoptosis of HGC-27
cells was correlated with changes in the expression of
caspase-3, cytochrome c, Apaf-1, Bcl-2 and Bax. Agarose
gel electrophoresis of the RT-PCR products is shown
in Figure 5A, and the ratios between the indicators for
the three PCR analyses and optical density of β-actin are
shown in Figure 5B. Protein levels analyzed by Western
blotting also confirmed this result (Figure 5C).

Figure 2 DNA ladder diagram after treatment with different concentrations
of oridonin for 24 h. 1: Control; 2: 1.25 μg/mL oridonin; 3: 2.5 μg/mL oridonin;
4: 5 μg/mL oridonin; 5: 10 μg/mL oridonin.

h. As shown in Figure 2, oridonin induced a significant increase in DNA fragmentation in a dose-dependent manner.
Flow cytometric analysis also revealed that oridonin
could induce significant apoptosis compared with the
controls (P < 0.05, Figure 3). And the apoptosis rates of
HGC-27 induced by oridonin at the four concentrations
were 5.3% ± 1.02%, 12.8% ± 2.53%, 28.5% ± 4.23%
and 49.6% ± 3.76%, respectively, which were in a dosedependent manner (P < 0.05).

DISCUSSION

Apoptotic morphology of HGC-27 cells after treated with
oridonin
Apoptotic morphology was further observed under light
microscopy and we found that, in the negative control
group, HGC-27 cells were closely connected and uniform in size (Figure 4A). After treatment with oridonin,
the cells became round (Figure 4B, black arrow), shrank,
and developed small buds around the nuclear membrane
while forming apoptotic bodies (Figure 4C, black arrow).
AO/EB staining showed that, in the negative control
group, cells were closely connected, uniform in size, and
green in color (Figure 4D). After treatment with oridonin,
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Apoptosis plays a key part in the evolution of organisms, homeostasis, and development of multiple systems,
including cancer. Tumorigenesis occurs when a series of
oncogenes and proto-oncogenes are activated and overexpressed within tumor cells. The genes and their products
are important regulators of apoptosis. Their abnormal
expression blocks the apoptotic process of tumor cells,
increasing the number of tumor cells, thereby promoting tumor growth. The typical morphological features
of apoptotic cells are: cell shrinkage; in some organelles,
ribosomes and nuclear debris are “wrapped” by the cell
membrane into apoptotic bodies, which bud off from the
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Figure 3 Analysis of apoptosis in HGC-27 cells. Flow cytometric analysis showed that oridonin induced the apoptosis of HGC-27 cells in a dose dependent manner. The x-axis indicates the Annexin V-positive populations and the y-axis indicates the 7-AAD-positive populations. The lower right was the early apoptotic cells.
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Figure 4 Morphological changes in HGC-27 cells after treatment with 10 μg/mL oridonin for 24 h and 48 h. A: Negative; B: Treatment for 24 h; C: Treatment for
48 h; D: Acridine orange/ethidium bromide (AO/EB) staining negative; E: Treatment for 24 h and AO/EB staining; F: Treatment for 48 h and AO/EB staining. Magnification ×200 in all images.
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Figure 5 Changes in gene expression after treatment with 10 μg/mL oridonin for 24 h. After treatment with oridonin for 24 h, the expression of caspase-3, cytochrome c, Apaf-1 and Bax was up-regulated, whereas that of Bcl-2 was down-regulated. A: Agarose gel electrophoresis of the reverse-transcript polymerase chain
reaction products; B: Results of optical density analyses of Apaf-1/β-actin, Bcl-2/β-actin, Bax/β-actin, caspase-3/β-actin, and cytochrome c/β-actin before and after
treatment with oridonin (paired t test, aP < 0.05 vs before treatment with oridonin); C: Western blotting analysis.

cell surface and are finally “swallowed” by macrophages,
epithelial cells and other phagocytic cells; phosphatidylserine eversion; condensation and marginalization of nuclear
chromatin; and DNA fragmentation. Important molecules
involved in apoptosis are: apoptosis-promoting molecules
such as cysteine containing the aspartate-specific protease
(caspase) family, and cytochrome c; and apoptosis-inhibitory molecules such as the Bcl-2 family. Apoptotic signaling pathways mainly involve the cell membrane receptor
pathway [e.g., Fas/Fas ligand and tumor necrosis factors
(TNF)/TNF receptor] or mitochondrial pathway conduction, which activates the caspases (caspase-8 or caspase-9)
and key molecules of the downstream signal transduction
pathway in succession to initiate caspase (caspase-3) and
start apoptosis. In addition, apoptosis can also start in a
caspase-independent manner[21,22].
The Bcl-2 family contains molecules that can regulate apoptosis[23]. These can be divided into two main
categories: anti-apoptotic genes (particularly Bcl-2) and
pro-apoptotic genes (particularly Bax). Bcl-2 can form
protein dimers with the pro-apoptotic protein Bax and
plays a decisive role in the apoptosis signaling pathway.
If the Bcl-2/Bax ratio is decreased, apoptosis occurs[24].
Changes in the expression of the Bcl-2 protein family
lead to increased permeability of the outer membrane of
mitochondria, thus triggering mitochondrial release of cy-
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tochrome c. Apaf-1 can activate caspase-3. If cytochrome
c is released into the cytoplasm, it forms the Apaf-1/cytochrome c complex with Apaf-1. After the Apaf-1/cytochrome c complex binds with ATP/dATP, Apaf-1
can “call” caspase-9 through its CARD domain to form
apoptotic bodies, activate caspase-3, and start the caspase
cascade reaction, thereby leading to apoptosis[25].
Recent studies have shown that the anti-tumor activity
of oridonin is related to its induction of apoptosis[16,26-28].
In the present study, the MTT assay initially confirmed
that oridonin can have a notable inhibitory effect on the
proliferation of HGC-27 cells in a dose- and time-dependent manner. Our previous studies also suggested that
oridonin has a notable inhibitory effect on the proliferation of gastric cancer[20]. Previous studies also found the
growth-inhibitory activity of oridonin on cancer cells[29,30].
Light microscopy and AO/EB staining revealed that, after
treatment with oridonin, HGC-27 cells became round,
shrank, developed pyknosis, and formed small buds
around the nuclear membrane as well as apoptotic bodies. The LDH release assay showed that oridonin could
induce the death of gastric cancer cells mainly through
its induction of apoptosis, and that the apoptotic effect
was enhanced significantly as the concentration increased.
These results were consistent with previous reports[31-34].
DNA ladder analyses demonstrated that, after treatment
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Oridonin induced apoptosis

Background

Gastric cancer is a common cancer of the digestive system and the second
most common type of cancer worldwide. It is important to seek and develop
new and more effective anti-gastric cancer drugs. Rabdosia rubescens, a medicinal herb, has therapeutic actions. Studies have suggested that oridonin has
certain anti-tumor effects in many kinds of tumors. However, the exact mechanism by which oridonin induces the apoptosis of gastric cancer cells remains
undefined. In this study, the effect of oridonin on gastric cancer cells and its
possible mechanism of action were explored.

Bax

Bcl-2

Mitochondria

Release

Research frontiers

Studies have suggested that oridonin has certain anti-tumor effects on cervical
cancer, human epidermal squamous cell carcinoma, leukemia, liver cancer,
malignant melanoma, colon cancer, breast cancer, and other tumors. It has
been found that the mechanism of oridonin-induced apoptosis and aging of
colon cancer cells might lie in increased histone acetylation and changes in the
expressions of p16, p21, p27 and c-myc. Oridonin can induce the apoptosis of
hepatoma cells through the reactive oxygen species-mitogen-activated protein
kinase-p53 pathway. In addition, some recent studies suggested that oridonin
can also inhibit the proliferation of tumor cells by increasing the autophagy of tumor cells. All of these findings suggest that oridonin has good anti-tumor effects.

Cytochrome c

Apaf-1
Apaf-1/cytochrome c complex

ATP/dATP

Caspase cascade reaction

Innovations and breakthroughs

In the present study, the authors found that oridonin significantly inhibited the
proliferation and promoted apoptosis of gastric cancer cell line HGC-27. And
the apoptosis of HGC-27 induced by oridonin may be associated with differential expression of Apaf-1, caspase-3 and cytochrome c. The authors speculated
that oridonin may change expression of Bcl-2 and Bax, and then trigger the
release of cytochrome c through the mitochondrial pathway to further activate
the caspase cascade reaction and induce HGC-27 apoptosis.

Apoptosis

Figure 6 Possible mechanism by which oridonin induces the apoptosis of
HGC-27 cells.

Applications

Oridonin possesses potent anti-gastric cancer activities associated with inhibition of proliferation and regulation of pathways critical for maintaining apoptosis
induction. These results may lay the groundwork for further studies to establish
the causal relationship between oridonin anti-tumor activity and specific genetic
pathways and to identify molecular markers that will guide the development of
future clinical therapies. Therefore, oridonin may represent a novel therapeutic
option for gastric cancer.

with different concentrations of oridonin, obvious DNA
fragmentation could be seen. This finding indicated that
oridonin could inhibit the proliferation of HGC-27 cells
and induce their apoptosis. To further study the molecular mechanism of oridonin-induced apoptosis, semiquantitative RT-PCR and Western blotting analysis were
conducted to observe changes in expression of caspase-3,
cytochrome c, Apaf-1, Bax and Bcl-2 mRNA after treatment with oridonin. Expression of caspase-3, cytochrome
c, Apaf-1 and Bax was up-regulated, whereas that of
Bcl-2 was down-regulated. The results showed that oridonin could inhibit the proliferation of HGC-27 cells, and
that this effect was related to its induction of tumor-cell
apoptosis. Liu et al[35] also found that oridonin induced a
decrease in Bcl-2/Bax ratio and activation of caspase-3.
Zhang et al[36] reported that regulation of the Bcl-2 and
MAPK families may be the effector mechanisms of
oridonin-induced L929 cell death, independent of the caspase pathway. So we speculated that oridonin may change
expression of Bcl-2 and Bax, and then trigger the release
of cytochrome c through the mitochondrial pathway to
further activate the caspase cascade reaction and induce
HGC-27 apoptosis (Figure 6).
In conclusion, oridonin significantly inhibited the
proliferation and promoted apoptosis of gastric cancer
cell line HGC-27. And the apoptosis of HGC-27 induced by oridonin may be associated with differential expression of Apaf-1, caspase-3 and cytochrome c, which
are highly dependent upon the mitochondrial pathway.
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Terminology

Gastric cancer is still the second leading cause of cancer-related death worldwide, particularly in Asian countries. Traditional Chinese medicine (TCM) has
played an increasingly important part in the prevention and treatment of tumors.
In particular, integration of TCM with Western medicine has appreciably improved the efficacy of drug combinations and prolonged patient survival. Oridonin (molecular formula: C20H2006; relative molecular weight: 364.42) is a tetracyclic diterpenoid compound, which was extracted from Rabdosia rubescens.

Peer review

The authors demonstrated the effect and mechanism of oridonin on HGC-27
gastric cancer cell line and suggested that oridonin may represent a novel
therapeutic option for gastric cancer.
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Age-related symptom and life quality changes in women
with irritable bowel syndrome
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(SDS/SAS) and the IBS-specific QoL questionnaire.
The patients were divided into six groups according to
age, in 10-year increments: 18-27 years, 28-37 years,
38-47 years, 48-57 years, 58-67 years and 68-75 years
(maximum 75 years). Age-related differences of abdominal pain or discomfort were analyzed using ranksum tests. Differences in SDS/SAS and IBS-QoL scores
between age groups were analyzed using one-way
analysis of variance. Pearson’s correlations evaluated
potential associations between IBS symptoms, psychological factors and QoL in each age group.
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RESULTS: There were no differences in the distribu2
tion of IBS subtypes between age groups (χ = 20.516,
P = 0.153). Differences in the severity of abdominal
pain/discomfort with age were statistically significant
2
(χ = 25.638, P < 0.001); patients aged 48-57 years,
58-67 years or 68-75 years had milder abdominal pain/
discomfort than those in the younger age groups. The
severity of anxiety or depressive symptoms did not dif2
fer between age groups (SDS, χ = 390.845, P = 0.110;
2
SAS, χ = 360.071, P = 0.220). Differences of IBSQoL scores were statistically significant between age
2
groups (χ = 1098.458, P = 0.011). The scores of patients in the 48-57-year group were lower than those
in the 18-27-year and 28-37-year groups (48-57-year
group vs 18-27-year group, 74.88 ± 8.76 vs 79.76
± 8.63, P = 0.021; 48-57-year group vs 28-37-year
group, 74.88 ± 8.76 vs 79.04 ± 8.32, P = 0.014).
The scores in the 68-75-year group were lower than
those in the 18-27-year, 28-37-year and 38-47-year
groups (68-75-year group vs 18-27-year group, 71.98
± 9.83 vs 79.76 ± 8.63, P = 0.003; 68-75-year group
vs 28-37-year group, 71.98 ± 9.83 vs 79.04 ± 8.32, P
= 0.002; 68-75-year group vs 38-47-year group,71.98
± 9.83 vs 76.44 ± 8.15, P = 0.039). Anxiety and depression were negatively correlated with QoL in all age
groups (SDS and QoL: 18-27-year group, r = -0.562,
P = 0.005; 28-37-year group, r = -0.540, P < 0.001;
38-47-year group, r = -0.775, P < 0.001; 48-57-year
group, r = -0.445, P = 0.001; 58-67-year group, r =

Abstract
AIM: To explore age-related changes in symptoms and
quality of life (QoL) of women with irritable bowel syndrome (IBS).
METHODS: Two-hundred and fifty-four female adult
outpatients with IBS attending the Department of
Gastroenterology at the First Affiliated Hospital of
Nanjing Medical University between January, 2008 and
October, 2008 were approached. Patients with a history of abdominal surgery, mental illness or those who
had recently taken psychotropic drugs were excluded.
A physician obtained demographic and abdominal
symptom data. All patients were asked to complete
the Zung Self-Rated Anxiety and Depression Scale
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-0.692, P < 0.001; 68-75-year group, r = -0.732, P <
0.001. SAS and QoL: 18-27-year group, r = -0.600,
P = 0.002; 28-37-year group, r = -0.511, P < 0.001;
38-47-year group, r = -0.675, P < 0.001; 48-57-year
group, r = -0.558, 58-67-year group, P = 0.001; r =
-0.588, P < 0.001; 68-75-year group, r = -0.811, P
< 0.001). A negative correlation between abdominal
pain severity and QoL was found in patients aged
more than 58 years (58-67-year group, r = -0.366, P =
0.017; 68-75-year group, r = -0.448, P = 0.048 ), but
not in younger patients (18-27-year group, r = 0.080,
P = 0.716; 28-37-year group, r = -0.063, P = 0.679;
38-47-year group, r = -0.029, P = 0.812; 48-57-year
group, r = -0.022, P = 0.876).

age in IBS patients? Are there are age-related differences
in the impact of these symptoms on QoL? In this study,
we explored these two questions.
IBS is more common in women than in men, and
female IBS patients report more severe symptoms and
generally have lower QoL[1]. Therefore, we investigated
age-related changes of symptoms and QoL in female
patients with IBS in a Chinese population, with the aim
of improving individual treatment.

MATERIALS AND METHODS
Subjects
First-time outpatients who attended the Department
of Gastroenterology at the First Affiliated Hospital of
Nanjing Medical University between January, 2008 and
October, 2008 and met the Rome Ⅲ criteria for IBS
were recruited[14].
All patients were initially asked to undergo routine
blood, urine and stool hemoccult tests, stool form examination, and endoscopy or radiographic examination of
the gastrointestinal tract. Patients younger than 18 years,
with a structural bowel disease or a history of abdominal
surgery, diagnosed with mental illness by a psychiatrist
or who had recently taken psychotropic drugs were excluded[1]. Pregnant patients were not included.

CONCLUSION: Factors affecting QoL should always
be treated in IBS, especially emotional problems in
young adults. Even mild abdominal pain should be
controlled in elderly patients.
© 2012 Baishideng. All rights reserved.

Key words: Irritable bowel syndrome; Female; Age;
Symptom; Quality of life
Peer reviewer: Bruno Bonaz, MD, PhD, Clinique Universitaire d’Hépato-Gastroentérologie, CHU de Grenoble, BP 217,
38043 Grenoble Cedex 09, France

Measurements
The age of each subject was recorded. A physician obtained demographic and abdominal symptom data. All
patients were asked to completed the Zung Self-Rated
Anxiety and Depression Scale (SAS/SDS) and the IBSspecific QoL (IBS-QoL) questionnaire[15-19].

Tang YR, Yang WW, Liang ML, Xu XY, Wang MF, Lin L.
Age-related symptom and life quality changes in women
with irritable bowel syndrome. World J Gastroenterol 2012;
18(48): 7175-7183 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i48/7175.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i48.7175

IBS subtypes: Based on the Rome Ⅲ diagnostic criteria and Bristol Stool Form Scale[14], the patients were
divided into the following groups: IBS with constipation
(IBS-C), IBS with diarrhea (IBS-D), mixed IBS (IBS-M)
and unsubtyped IBS (IBS-U).

INTRODUCTION
Irritable bowel syndrome (IBS) is the most common
functional gastrointestinal disorders. It is common in
Chinese people, representing approximately 11% of outpatient cases in gastroenterology departments[1]. Patients
with IBS have long-term symptoms including abdominal
pain or discomfort related to defecation, accompanied
by emotional disorders such as anxiety or depression,
and often have a poor quality of life (QoL)[2,3]. The abdominal symptoms of IBS may be related to changes of
gastrointestinal motility, visceral sensitivity and other factors[4,5], and affected by estrogen and progesterone levels
and psychological factors[6-8]. Anxiety or depression in
IBS patients may be associated with physical discomfort
and mental stress, and related to the patient’s response to
the disease and the degree of social support[9,10].
It is widely recognized that gastrointestinal motility,
visceral sensitivity, and estrogen and progesterone levels
differ between people of different ages[11,12], as do cognitive abilities and the response to disease[13]. Do abdominal pain or discomfort, anxiety and depression vary with
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IBS abdominal symptoms: The patients were asked
about the severity of their abdominal pain/discomfort,
which was rated on a three-point response scale as follows: mild (“can be ignored if I don’t think about it”),
moderate (“cannot be ignored, but does not affect my
lifestyle”) or severe (“affects my lifestyle”)[20].
SAS/SDS: Anxiety and depression were measured using the SAS and SDS assessment tools, respectively [15-17].
Each of the SAS and SDS comprises 20 questions with
four possible responses to each: never, rarely/sometimes,
frequently and always. Higher SAS/SDS scores indicate
a greater degree of anxiety/depression.
IBS-QoL: The IBS-QoL[18,19] comprises 34 self-reported items; a higher total score indicates a better QoL.
There are also eight subscale scores for dysphoria, interference with activities, body image, health concerns,
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Table 1 Severity of abdominal pain/discomfort and Zung Self-Rated Anxiety and Depression Scale scores in each age group
Age group (yr)

Total (n )

18-27
28-37
38-47
48-57
58-67
68-75

Severity of abdominal pain/discomfort (n )
Mild

Moderate

Severe

12
29
34
45
33
17

5
10
22
9
8
3

6
7
12
1
1
0

23
46
68
52
42
20

Mean rank

SDS score

SAS score

150.74
133.84
149.66
106.90
110.82
102.53

52.17 ± 8.03
51.83 ± 5.09
54.03 ± 6.66
54.24 ± 7.60
54.60 ± 6.09
56.15 ± 4.98

39.09 ± 8.18
39.65 ± 6.16
41.25 ± 7.17
42.31 ± 7.37
39.83 ± 6.82
42.45 ± 7.81

2

The severity of abdominal pain/discomfort differed between age groups (χ = 25.638, P < 0.001). There were no differences in Zung Self-Rated Anxiety
2
2
Scale (SAS) or Zung Self-Rated Depression Scale (SDS) scores between any age groups (SDS, χ = 390.845, P = 0.110; SAS, χ = 360.071, P = 0.220).
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Figure 1 Distribution of irritable bowel syndrome subtypes in each age
group. IBS: Irritable bowel syndrome; IBS-C: IBS with constipation; IBS-D: IBS
with diarrhea; IBS-M: Mixed IBS; IBS-U: Unsubtyped IBS.

Figure 2 Severity of abdominal pain/discomfort by age. 1 = Mild; 2 = Moderate; 3 = Severe.

years). The median duration of IBS was 3 years, and
8.4% of the patients had a history of IBS of more than
10 years. There were no differences in the duration
of IBS between age groups (average duration of each
group: 2.79 ± 2.48 years, 2.22 ± 2.27 years; 2.94 ± 3.29
years, 2.97 ± 3.32 years, 4.27 ± 4.79 years, 4.35 ± 6.55
years, respectively; χ 2 = 129.4, P = 0.101). One hundred
and twenty-three patients (48.4%) were diagnosed with
IBS-D, 105 (41.3%) with IBS-C, 22 (8.7%) with IBS-M
and 4 (1.6%) with IBS-U. There were no differences in
the distribution of IBS subtypes between age groups (χ 2
= 20.516, P = 0.153), as shown in Figure 1.

food avoidance, social reaction, sexual issues and relationship problems.
Age groups: The patients were divided into six groups
according to age, in 10-year increments: 18-27 years,
28-37 years, 38-47years, 48-57 years, 58-67 years and
68-75 years (maximum 75 years)[21-23].
Statistical analysis
All data were analyzed using SPSS Version 19.0. Statistical significance was set at P < 0.05. Categorical data and
ratios were analyzed using the χ 2 test. Rank-sum tests
were used to analyze ranked data. All measurement data
are reported as the mean ± SD. Differences in SDS/SAS
and IBS-QoL scores between age groups were analyzed
using one-way analysis of variance. Pearson’s correlations were used to evaluate the potential associations
between IBS symptoms, psychological factors and QoL
in each age group.

Symptoms by age
Abdominal pain/discomfort: Differences in the severity of abdominal pain/discomfort with age are shown in
Figure 2. These differences were statistically significant
(χ 2 = 25.638, P < 0.001; Table 1); patients aged 48-57
years, 58-67 years or 68-75 years had milder abdominal
pain/discomfort than those in the younger age groups.
Anxiety and depression: SAS and SDS scores with age
are shown in Figure 3. There were no statistically significant differences between any age groups (SDS, χ 2 =
390.845, P = 0.110; SAS, χ 2 = 360.071, P = 0.220; Table
1), indicating that the severity of anxiety and depression
does not vary with age.

RESULTS
Patient background and clinical data
Two hundred and fifty-four women with IBS were approached for recruitment to this study. These patients
were aged between 18 and 75 years (46.67 ± 14.26
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Figure 3 Zung self-rated anxiety and depression scale scores according
to age. SAS/SDS: Zung self-rated anxiety and depression scale.

QoL: IBS-QoL scores with age are shown in Figure 4A.
These differences were statistically significant between
age groups (χ 2 = 1098.458, P = 0.011; Figure 4B). The
scores of patients in the 48-57-year group were lower
than those in the 18-27-year and 28-37-year groups (P
= 0.021, P = 0.014). The scores in the 68-75-year group
were lower than those in the 18-27-year, 28-37-year and
38-47-year groups (P = 0.003, P = 0.002 and P = 0.039,
respectively).

58

68

a

78

a,c

80
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Figure 4 Specific quality of life questionnaire scores for patients with irritable bowel syndrome. A: Specific quality of life questionnaire scores for patients with irritable bowel syndrome (IBS) according to age; B: Specific quality
of life questionnaire scores for patients with IBS in each age group. aP < 0.05 vs
18-27-year and 28-37-year groups; cP < 0.05 vs 48-57-year group. QoL: Quality
of life; SAS/SDS: Zung self-rated anxiety and depression scale.

Association of abdominal pain, anxiety and depression
with QoL
As shown in Figure 5, the severity of abdominal pain/
discomfort was negatively correlated with IBS-QoL
score in the 58-67-year and 68-75-year groups (P < 0.05),
but there was no correlation in the 18-27-, 28-37-, 38-47or 48-57-year groups. SAS and SDS scores were negatively correlated with IBS-QoL score in all age groups (P
< 0.01).

pathophysiologic factors in abdominal pain/discomfort
in IBS[4,5,25-27], and the role of visceral hypersensitivity in
the pathogenesis of IBS has become commonly accepted in recent years. IBS patients have been reported to
have a decreased intestinal pain perception threshold and
are more likely to report feeling pain[28,29]. Some studies
have shown visceral sensitivity to decrease with age[12].
Sanoja et al[7] found that estrogen and progesterone can
regulate sensitivity to pain and temperature sensation,
and Heitkemper et al[30], summarizing the results of recent research, found that estrogen and progesterone can
affect the symptoms of IBS. Most women over the age
of 48 years are in the menopause or perimenopausal period, and the decline of estrogen and progesterone levels
may be accompanied by decreased visceral sensitivity.
In the modern bio/psychosocial medical model, IBS
is recognized as a psychosomatic disorder accompanied
by various emotional disorders, among which anxiety
and depression are the most common. The present
study found no differences in SAS/SDS scores between
age groups, suggesting that the severity of anxiety and
depression is similar in patients of differing ages.
Although it has been confirmed that coping capacity
increases with age[13], ageing is accompanied by reduced
sleep quality and blood hemoglobin concentration, and
both of these are closely related to depression [31-33].
Negative life events, social support and other factors are
also involved in the occurrence of anxiety and depres-

DISCUSSION
In this study, most of the 254 women with IBS were
middle-aged. IBS-D was the most common subtype,
followed by IBS-C, IBS-M and IBS-U. The distribution
of IBS subtypes showed no difference between any age
groups, consistent with previous epidemiological studies[1,23,24].
Our study suggests that the severity of abdominal
pain/discomfort differs in patients of different ages, but
anxiety and depressive symptoms do not. Patients aged
48-57 years or 68-75 years had the worst QoL. Anxiety
and depression were negatively correlated with QoL in
all age groups, and a negative correlation between abdominal pain severity and QoL was found in patients
aged more than 58 years, but not in younger patients.
Defecation-related abdominal pain/discomfort is
the principal symptom of IBS[14]. In the present study,
patients older than 48 years had milder abdominal
pain/discomfort. Visceral hypersensitivity, psychological
factors, motility, immunity and infection are the major
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Figure 5 Association of abdominal pain/discomfort severity, and Zung self-rated anxiety and depression scale scores for patients with irritable bowel
syndrome in each age group. A: Age 18-27 years; B: Age 28-37 years; C: Age 38-47 years; D: Age 48-57 years; E: Age 58-67 years; F: Age 68-75 years. A1 to F1,
association of abdominal pain/discomfort with quality of life in each age group. Severity of abdominal pain/discomfort was negatively correlated with irritable bowel
syndrome-specific quality of life questionnaire (IBS-QoL) scores in the 58-67-year and 68-75-year groups (P < 0.05), but there was no correlation in the 18-27-year,
28-37-year, 38-47-year or 48-57-year groups (P > 0.05); A2 to F2, association of Zung Self-Rated Depression Scale (SDS) scores with quality of life in each age
group. SDS scores were negatively correlated with IBS-QoL scores in all age groups (P < 0.01); A3 to F3, association of Zung Self-Rated Anxiety Scale (SAS) scores
with quality of life in each age group. SAS scores were negatively correlated with IBS-QoL scores in all age groups (P < 0.01).

sion[10,34,35]. None of these factors showed any significant
age-related differences in IBS patients.
QoL relates to the functional capabilities of individuals in social life and reflects subjective feelings. It is an
important concept in biomedical and social psychology,
but is of greatest concern in disease states and when
evaluating treatments for disease-related symptoms. In
patients with IBS, it is regarded as a major measure of
clinical outcome and is widely used in clinical studies[18,19].
Previous studies have shown that bowel symptoms,
anxiety and depression are important factors in the QoL
of IBS patients[36-38]. The present study demonstrated
age-related differences in the QoL of women with IBS;
the QoL of patients aged 48-57 years or over 68 years
was poorer than that of younger patients. However, the
patients in the older age groups had milder abdominal
pain, and their degree of anxiety and depression was
similar to that of the other age groups. Thus, what
caused the decline of their QoL? Pines et al[39] found that
the reduction of hormone levels in menopausal women
resulted in various physical symptoms that affected QoL,
and hormone replacement therapy partially improved
these symptoms. Menopause-related factors may have
responsible for the poor QoL of the patients aged 48-57
years in our study. In addition, we speculate that multiple
other factors such as decreased activity or social support,
or impaired psychological status may lead to a poor QoL
in older patients. It is necessary to identify other factors
that affect QoL in these patients, in addition to bowel
symptoms, anxiety and depression.
We also investigated changes with age in the correlation of abdominal pain, anxiety and depressive symptoms with QoL, and found that anxiety and depression
were negatively correlated with QoL in all age groups.
Psychologists believe that IBS is a psychosomatic disorder; most IBS patients have core symptoms of anxiety
or depression, while gastrointestinal symptoms such as
abdominal pain and changes in bowel habit represent

WJG|www.wjgnet.com

somatization[40]. In our previous study, we found that
most IBS patients complained of nonspecific somatic
symptoms such as dizziness, insomnia and fatigue [1].
We should therefore pay attention to the treatment of
anxiety, depression and other negative emotions in IBS
patients. In the present study, found that, in young and
middle-aged patients (18-57 years), QoL was negatively
correlated with anxiety and depression, but not associated with the severity of abdominal pain/discomfort.
Therefore, improving gastrointestinal symptoms only
may not improve QoL in these age groups, and antidepressant treatment may be more important. In IBS
patients aged over 58 years, abdominal pain/discomfort was mild but closely associated with QoL. Thus,
even slight abdominal pain should be controlled in the
treatment of older patients. Although age-related physiological and psychological changes may be directly or
indirectly related to ovarian function and female hormone levels, this was a retrospective study and thus we
lack information on the patients’ hormone levels and
menstrual history. Furthermore, the use of self-reported
measures and individual differences in literacy and understanding may have affected the results. None of these
limitations could be avoided.
In conclusion, the following points should be borne
in mind when treating women with IBS. Firstly, in patients aged 48-57 years or over 68 years, factors other
than IBS-related symptoms that affect QoL should be
treated. Secondly, negative emotions should be treated in
all patients; anti-anxiety and antidepressant treatment are
especially important in young adults. Thirdly, to improve
QoL, even mild abdominal pain should be controlled in
elderly patients.
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Irritable bowel syndrome (IBS) is the most common functional gastrointestinal
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disorder. IBS is more common in women than in men, and female IBS patients
report more severe symptoms and generally have a lower quality of life (QoL).
Age-related changes, such as gastrointestinal motility, visceral sensitivity, estrogen and progesterone levels, cognitive abilities and the response to disease
may cause differences in abdominal pain or discomfort, anxiety and depression and reduced QoL levels. Therefore, the authors investigated age-related
changes of symptoms and QoL levels in female patients with IBS in a Chinese
population, with the aim of improving individual treatment profiles.

8

9

Research frontiers

The symptoms of IBS may be related to changes in gastrointestinal motility and
visceral sensitivity and are affected by estrogen and progesterone levels, psychological factors, patient response to pain and the degree of social support.
All of the above factors differ between people of different ages. In this study,
authors demonstrate that differences in abdominal pain or discomfort levels, but
not anxiety or depression, and their association with QoL exist in patients in different age groups.

10
11

Innovations and breakthroughs

Recent reports have highlighted the differences in IBS abdominal and psychological symptoms in different genders and IBS subtypes, which can guide
individual treatment regimens. Other reports have referred to the different age
distributions of IBS patients. However, no study has investigated age-related
changes in symptoms and their association with QoL in IBS patients, particularly in an exclusively female patient cohort or in a Chinese population.

12
13

Applications

In this study, the authors have demonstrated the difference of IBS symptoms
and their association with QoL in each patient age group. With this knowledge,
the authors may improve individual treatment regimens for IBS according to the
patient age.

14

Terminology

15

Zung self-rated anxiety and depression scale (SAS/SDS) are assessment tools
that are used to measure anxiety and depression, respectively. Higher SAS/
SDS scores indicate a greater degree of anxiety/depression. IBS-specific QoL
questionnaire (IBS-QoL) is a QoL assessment tool, which was specifically set
up for patients with IBS. A higher IBS-QoL score indicates a better QoL.

16

Peer review

17

The authors explored the age-related changes of symptoms, QoL and the correlations between these two parameters in a population of Chinese women.
The results demonstrated that factors that affect QoL should always be treated
in IBS, especially emotional problems in young adults, and even mild abdominal
pain should be controlled in elderly patients. These findings will help to improve
the treatment of individuals with IBS.
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ORIGINAL ARTICLE

Mechanisms of cholecystokinin-induced calcium
mobilization in gastric antral interstitial cells of Cajal
Yao-Yao Gong, Xin-Min Si, Lin Lin, Jia Lu
2+

nisms of [Ca ]i elevation caused by CCK-8S. Immunoprecipitation and Western blotting were used to determine the regulatory effect of PKC on phosphorylation of
type Ⅲ InsP3 receptor (InsP3R3) in ICC. Protein kinase
C (PKC) activator phorbol 12-myristate 13-acetate (PMA)
and inhibitor chelerythrine were used to assess the role
2+
of PKC in the CCK-8S-evoked [Ca ]i increment of ICC.
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RESULTS: ICC were successfully isolated from the
gastric antrum of mice and cultured. Cultured ICC were
identified by immunofluorescence staining. When given
2+
80 nmol/L or more than 80 nmol/L CCK-8S, the [Ca ]i
in ICC increased and 100 nmol/L CCK-8S significantly
2+
increased the mean [Ca ]i by 59.30% ± 4.85% (P <
0.01). Pretreatment of ICC with 5 μmol/L lorglumide
2+
inhibited 100 nmol/L CCK-8S-induced [Ca ]i increment
from 59.30% ± 4.85% to 14.97% ± 9.05% (P < 0.01),
suggesting a CCK1R-mediated event. Emptying of intracellular calcium stores by thapsigargin (5 μmol/L)
2+
prevented CCK-8S (100 nmol/L) from inducing a [Ca ]i
increase. Moreover, pretreatment with xestospongin C
(1 μmol/L) could also abolish the CCK-8S-induced ef2+
fect, indicating that Ca release from InsP3R-operated
stores appeared to be a major mechanism responsible
for CCK-8S-induced calcium mobilization in ICC. On the
other hand, by removing extracellular calcium or blocking the L-type voltage-operated calcium channel with
2+
nifedipine, a smaller but significant rise in the [Ca ]i
could be still elicited by CCK-8S. These data suggest
2+
that the [Ca ]i release is not stimulated or activated
2+
by the influx of extracellular Ca in ICC, but the influx
2+
2+
of extracellular Ca can facilitate the [Ca ]i increase
evoked by CCK-8S. CCK-8S increased the phosphorylation of InsP3R3, which could be prevented by chelerythrine. Pretreatment with lorglumide (5 μmol/L) could
significantly reduce the CCK-8S intensified phosphorylation of InsP3R3. In the positive control group, treatment of cells with PMA also resulted in an enhanced
phosphorylation of InsP3R3. Pretreatment with various
concentrations of PMA (10 nmol/L-10 μmol/L) apparently inhibited the effect of CCK-8S and the effect of

Abstract
AIM: To investigate the effect of sulfated cholecystokinin-8 (CCK-8S) on calcium mobilization in cultured
murine gastric antral interstitial cells of Cajal (ICC) and
its possible mechanisms.
METHODS: ICC were isolated from the gastric antrum of mice and cultured. Immunofluorescence staining with a monoclonal antibody for c-Kit was used to
identify ICC. The responsiveness of ICC to CCK-8S was
measured using Fluo-3/AM based digital microfluori2+
metric measurement of intracellular Ca concentra2+
tion ([Ca ]i). A confocal laser scanning microscope
2+
was used to monitor [Ca ]i changes. The selective
CCK1 receptor antagonist lorglumide, the intracellular
2+
Ca -ATPase inhibitor thapsigargin, the type Ⅲ inositol
1,4,5-triphosphate (InsP3) receptor blocker xestospon2+
gin C and the L-type voltage-operated Ca channel
inhibitor nifedipine were used to examine the mecha-
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mal part of the stomach and increasing pyloric pressure[10,12]. However, the mechanisms of the regulatory
effects of CCK on gastrointestinal motility are not clear.
Previous studies have shown that CCK can activate
phospholipase C (PLC) through binding to its distinct
receptors[15]. This activation leads to the production of
diacylglycerol (DAG) and inositol 1,4,5- triphosphate
(InsP3), which in turn activates protein kinase C (PKC)
and mobilizes intracellular calcium ([Ca2+]i)[16]. Through
this signaling pathway, CCK may participate in various
physiological responses, such as secretion, neurotransmission and muscle contraction[17]. However, the crosstalk of the CCK-8S triggered PKC and Ca2+ signaling
pathways is not been well understood. The aims of this
study were to investigate the effect of CCK-8S on [Ca2+]i
in the ICC and the respective contributions of InsP3Rsensitive intracellular Ca2+ stores and extracellular Ca2+
sources in those responses. Additionally, the role of
PKC in regulation of CCK-8S-triggered calcium signaling pathway was also studied.

100 nmol/L PMA was most obvious. Likewise, the effect of CCK-8S was augmented by the pretreatment
with chelerythrine (10 nmol/L-10 μmol/L) and 100
nmol/L chelerythrine exhibited the maximum effect.
CONCLUSION: CCK-8S increases [Ca2+]i in ICC via the
CCK1 receptor. This effect depends on the release of
2+
InsP3R-operated Ca stores, which is negatively regulated by PKC-mediated phosphorylation of InsP3R3.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Preparation of cells and cell culture
All experiments were performed according to the guiding principles for the care and use of animals approved
by Institutional Animal Use and Care Committee of the
First Affiliated Hospital of Nanjing Medical University.
Every effort was made to minimize both the number of
animals used and their suffering.
Balb/c mice (5-6 wk) of either sex were purchased
from the laboratory of the First Affiliated Hospital of
Nanjing Medical University. The animals were anesthetized by chloroform inhalation and killed by cervical
dislocation. The stomach was excised and the contents
were washed away with ice-cold Krebs-Ringer bicarbonate (KRB). The mucosa was removed by peeling. In Sylgard dishes filled with Krebs solution, the tissues were
washed three times and then cut into about 0.5 cm segments. The segments were transferred into a centrifuge
tube and dispersed with an enzyme solution containing
collagenase 1.3 mg/mL, trypsin inhibitor 2 mg/mL and
ATP 0.27 mg/mL. The centrifuge tube was incubated
at 37 ℃ for 30 min and the tissue segments were blown
for 30 s with pipette every 5 min during incubation. An
equal volume Medium 199 containing 10% fetal bovine
serum was added to stop digestion. The tube was centrifuged at 1000 rpm for 3 min and then the supernatant
was removed. The sediment was suspended with Medium
199 and cells were collected by pouring the suspension
through a 200-mesh sieve. After centrifugation at 1000
rpm for 3 min, the cells were dispersed with Medium 199
and then plated onto 35 mm glass-bottom culture dishes
(NEST Biotechnology Co., Ltd, China) coated with rattail tendon collagen (5 mg/mL). The cells were then cultured at 37 ℃ in a 95% O2-5% CO2 incubator in Medium
199 supplemented with 2% Penicillin-Streptomycin liquid
and murine stem cell factor (5 ng/mL).

INTRODUCTION
In the gastrointestinal (GI) tract, phasic contractions are
caused by electrical activity termed slow waves, which are
generated and propagated by the interstitial cells of Cajal
(ICC)[1,2]. The initiation of pacemaker activity in the ICC
is caused by rhythmic cytoplasmic Ca2+ oscillation[3,4].
The ICC can regulate slow-wave-driven peristaltic activity as well as mediate motor inputs from the GI nervous
system[5,6]. ICC abnormalities are associated with many
GI motility disorders, such as achalasia of cardia, slow
transit constipation and irritable bowel syndrome [7,8].
Therefore, understanding the mechanisms underlying
pacemaker activity and excitability of ICC is of crucial
importance[9]. Although neurohumoral regulation of GI
function has been studied in some detail, less is known
about the mechanisms of how neurohumoral factors
regulate pacemaker activities in the ICC.
Cholecystokinin (CCK) is a bioactive peptide that
regulates a variety of physiological functions, acting as
both hormone and neurotransmitter in the GI tract[10,11].
Sulfated CCK-8 (CCK-8S), which has frequently been
used in research studies, is one of the main biologically
active forms of CCK[12]. The regulatory actions of CCK
are mediated by two receptor subtypes, CCK1 and CCK2
receptors. CCK receptors are distributed in enteric nerves
and smooth muscles[13]. In addition, CCK1 receptors are
also found in the ICC, suggesting a role for the ICC in
the mediation of CCK effects[14].
CCK inhibits gastric emptying by relaxing the proxi-
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Labeling of cultured ICC by c-Kit immunofluorescence
Cultured ICC were fixed in acetone (4 ℃, 8 min). Following fixation, preparations were washed for 40 min
in phosphate buffered saline (PBS; 0.01 mol/L, pH 7.4)
and then incubated in 10% goat serum for 1 h to reduce
nonspecific antibody binding. To examine the ICC, we
incubated cultured ICC overnight at 4 ℃ with a rabbit
anti-mouse monoclonal c-Kit antibody (1:300 in PBS).
Immunoreactivity was detected using Alexa Fluor 488
(1:1000 in PBS, 60 min, room temperature), and nuclei
were stained with Hoechst 33 258. Cells were examined
under a confocal laser scanning microscope (LSM710,
Zeiss, Germany) at an excitation wavelength appropriate
for Alexa Fluor 488 (488 nm).

chased from Sigma (United States). SCF was purchased
from Peprotech (United States). Rat-tail tendon collagen
was purchased from Shengyou Biotechnology Co., Ltd
(Hangzhou, China). C-Kit monoclonal antibody and
phospho-(Ser/Thr) substrate antibody were from Cell Signaling Technology (United States). Type Ⅲ InsP3R-specific monoclonal antibody, protein A beads were from BD
Biosciences Transduction Laboratories (United States).
Alexa Fluor 488 (goat anti-rabbit secondary antibody) and
Fluo-3/AM were from Invitrogen (United States). Lorglumide was purchased from Santa Cruz (United States).
Xestospongin C was from Calbiochem (Germany). Medium 199, fetal bovine serum and Penicillin-Streptomycin
liquid were purchased from Gibco (United States).
The KRB solution contains (mmol/L): NaCl 117,
KCl 4.7, MgSO4 1.2, NaHCO3 25, KH2PO4 1.2, Glucose 11 and CaCl2 2.6; pH was 7.4. Lysis buffer contains
(mmol/L): NaCl 150, NaF 100, Tris 50, EDTA 10,
Triton X-100 1%, and 1 complete EDTA-free protease
inhibitor mixture tablet; pH was 7.4.

Measurement of intracellular Ca2+ concentration
Changes in [Ca2+]i were monitored using Fluo-3/AM,
which was initially dissolved in dimethyl sulfoxide (DMSO)
and stored at -20 ℃. The cultured ICC grown on glassbottom dishes were rinsed twice with PBS and then incubated in Medium 199 containing 5 μmol/L Fluo-3/AM
in the 95% O2-5% CO2 incubator for 40 min. Following
rinsing for two more times, the dishes were scanned every
2 s with a confocal laser scanning microscope. Fluorescence was excited at a wavelength of 488 nm and emitted
light was observed at 515 nm. The variations of [Ca2+]i
fluorescence emission intensity were expressed as F/F0,
where F0 is the intensity of the first imaging.

Statistical analysis
Data were expressed as mean ± SE. Differences in the
data were evaluated by ANOVA or by Student’s t test.
Zeiss Zen 9.0 was used to analyze the calcium intensity
data and GraphPad Prism 5.0 for charting. Differences
between control and test values were considered significant when P < 0.05.

Immunoprecipitation, electrophoresis and immunoblotting
Prepared from gastric ICC using equal volumes of a cell
suspension, isolated cells were assayed for protein concentration. Following appropriate treatments, cells were
pelleted and resuspended in 0.5 mL of ice-cold lysis buffer. Cell samples were sonicated and left on ice for 30
min to solubilize. Immunoprecipitation of InsP3R was
performed using a 1:100 dilution of an InsP3R3-specific
monoclonal antibody. Following 2 h of incubation with
the InsP3R3 antibody at 4 ℃, immobilized protein A
beads were added to each sample for 1 h at 4 ℃. As a
control, samples were also prepared without immunoprecipitating antibody. Following immunoprecipitation
of InsP3R3, proteins were separated by SDS-polyacrylamide gel electrophoresis and transferred to nitrocellulose. Membranes were probed with a 1:1000 dilution of
phospho-(Ser/Thr) substrate antibody that specifically
detected phosphorylated Ser/Thr residues with Arg at
the -2 or -3 position within the PKC substrate sequence.
Immunoreactivity was visualized using a 1:1000 dilution
of peroxidase-conjugated secondary antibody. Where
indicated, the nitrocellulose membrane was stripped of
primary and secondary antibodies at 50 ℃ for 30 min.

RESULTS
Identification of cultured ICC
After the cells were isolated and plated onto culture
dishes, it was initially difficult to identify the ICC. After
prolonged culture (4-7 d), the cultured ICC, were identified by c-Kit immunofluorescence and showed distinctive shapes, such as spindle, triangular or stellar-like with
two to five long processes (Figure 1).
Effects of CCK-8S on intracellular Ca2+ intensity in cultured ICC
Addition of CCK-8S produced substantial, dose-dependent elevations of Fluo-3/AM fluorescence in cytoplasm
an nucleus of the ICC, indicating that free calcium level
had increased compared with the control (Figure 2A).
When given ≤ 50 nmol/L CCK-8S, the [Ca2+]i did not
increase (Figure 2B). As shown in Figure 2D, CCK-8S
(100 nmol/L) significantly increased the mean [Ca2+]i
by 59.30% ± 4.85% (P < 0.01, n = 6) and CCK-8S (80
nmol/L and 500 nmol/L) also evoked [Ca2+]i increases
in the percentage of cells responding (20.22% ± 5.48%
and 39.32% ± 2.51%, respectively, Figure 2C, E and F).
Group data for the [Ca2+]i changes in response to CCK8S at different concentrations are shown in Figure 2F.

Drugs and solutions
CCK-8S, collagenase, trypsin inhibitor, ATP, thapsigargin,
chelerythrine, phorbol 12-myristate 13-acetate (PMA),
nifedipine, Hoechst 33258, DMSO, HEPES were pur-
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A

C

Removing extracellular Ca2+ or blocking L-type voltageoperated calcium channel by nifedipine partly decreased
the effect of CCK-8S (Figure 4C-E). These data indicate
that the [Ca2+]i release is not stimulated or activated by the
influx of extracellular Ca2+ in gastric antrum ICC, while
the influx of extracellular Ca2+ can facilitate the [Ca2+]i increase evoked by CCK-8S.

B

CCK-8S stimulation results in PKC-dependent phosphorylation of InsP3R3
Experiments were undertaken to determine whether
CCK-8S could evoke PKC to increase phosphorylation
of InsP3R3. Samples containing equal amounts of protein were stimulated with CCK-8S (100 nmol/L) before
or following administration of chelerythrine. PMA was
used as a positive control. All drug/agonist treatments
were 5 min in duration. CCK-8S resulted in a markedly
increased phosphorylation of InsP3R3 in the ICC as
compared with unstimulated ICC. When pretreated with
chelerythrine for 5 min, CCK-8S-induced InsP3R3 phosphorylation was completely inhibited. Pretreatment with
CCK1R lorglumide (5 μmol/L) significantly reduced the
CCK-8S intensified phosphorylation of InsP3R3. As a
positive control, PMA also enhanced phosphorylation
of InsP3R3 in ICC (Figure 5).

D

30 μm

Figure 1 Identification of cultured interstitial cells of Cajal. A-C: Prolonging
the culture to 4-7 d, the cultured interstitial cells of Cajal (ICC), which are identified by c-Kit immunofluorescence, had distinctive shapes such as spindle, triangular or stellar-like with two to five long processes. ICC were fixed with acetone
and identified immunologically using a monoclonal c-Kit antibody and Alexa
Fluor 488-conjugated secondary fluorescent antibody. Nuclei were stained with
Hoechst 33258 dye (B, blue); C: A merged image of A and B; D: A light microscopic image of ICC.

Effect of PKC on CCK-8S-evoked response in cultured
ICC
To investigate functional consequence of InsP3R3 phosphorylation by PKC on [Ca2+]i changes of the ICC, the
following experiments were performed. Followed by
CCK-8S (100 nmol/L), PMA at various concentrations
could significantly reduce the CCK-8S-evoked [Ca2+]i response (P < 0.01, n = 6, Figure 6), and the effect of 100
nmol/L PMA was most obvious. Under the same conditions, chelerythrine showed the opposite effect to PMA (P
< 0.01, n = 6, Figure 7), and 100 nmol/L chelerythrine
exhibited the maximum effect.

expressed in GI ICC[14]. To identify the subtype of CCK
receptor involved in the CCK-8S-induced increase in
[Ca2+]i, the CCK1R selective antagonist lorglumide was
employed. Pretreatment of ICC with 5 μmol/L lorglumide for 2 min inhibited 100 nmol/L CCK-8S-induced
[Ca2+]i increment from 59.30% ± 4.85% to 14.97% ±
9.05% (P < 0.01, n = 6) (Figure 3), suggesting a CCK1Rmediated event.
CCK-8S-induced calcium mobilization in cultured ICC
To determine the source of CCK-8S-induced calcium
mobilization, intracellular calcium release and extracellular calcium influx were investigated. Firstly, the ICC were
exposed to CCK-8S in a medium without extracellular
calcium and subsequently to specific intracellular Ca2+ATPase inhibitor thapsigargin. Compared with control,
emptying of intracellular calcium stores by thapsigargin
(5 μmol/L) prevented CCK-8S (100 nmol/L) to induce
a [Ca2+]i increase (Figure 4A), indicating that Ca2+ release
from intracellular stores appeared to be a major mechanism responsible for CCK-8S-induced calcium mobilization in the ICC. This result was similar to the effect of
CCK-8S in murine gastric smooth muscle cells[18], but
unlike that in murine myenteric neurons[19]. To further
understand the mechanisms of CCK-8S-induced intracellular calcium release, the specific InsP3R inhibitor
xestospongin C was used. Xestospongin C (1 μmol/L)
completely abolished [Ca2+]i increases triggered by CCK8S (Figure 4B).
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DISCUSSION
In recent years, many studies have focused on the effects
of CCK receptor ligands on GI motor functions, as
the pharmacological characterization of these agents in
humans is of potential therapeutic value[20,21]. CCK and
its related peptides have been implicated in the pathophysiology of functional digestive diseases, such as functional dyspepsia, achalasia of cardia and irritable bowel
syndrome[22,23]. Previous studies suggested that either an
altered release of CCK or abnormal responses to this
peptide could contribute to symptoms of GI dysmotility[24,25]. However, the mechanisms of the effects of CCK
on GI motility are unclear. Previous studies revealed that
CCK could evoke calcium signaling in cultured myenteric neurons and activate them[19,26]. The GI ICC also
express CCK1R and play an important role in regulating
the GI motility; therefore, it is meaningful and necessary to understand the effect of CCK on the ICC in

7187

December 28, 2012|Volume 18|Issue 48|

Gong YY et al . Cholecystokinin and interstitial cells of Cajal

A

1

2

3

5

6

30 μm

4

1.5

1.4

1.4

1.3

F/F0

F/F0

CCK-8S 50 nmol/L

1.2

1.3
1.1

1.0

1.0

0.9

0.9
0

0.8

60 120 180 240 300 360 420 480 540 600 660 720
t /s

E

1.6

1.5

1.4

1.4

1.3

1.3
1.1

1.0

1.0
0.9

CCK-8S 100 nmol/L
0

0.8

60 120 180 240 300 360 420 480 540 600 660 720
t /s

60 120 180 240 300 360 420 480 540 600 660 720
t /s

1.2

1.1

0.8

0

1.6

1.5

1.2

CCK-8S 80 nmol/L

1.2

1.1

0.9

F

1.6

1.5

0.8

D

C

1.6

F/F0

F/F0

B

CCK-8S 500 nmol/L
0

60 120 180 240 300 360 420 480 540 600 660 720
t /s

80
b

ΔF/F0 (%)

60
b

40

a

20
0
-20

50

80
100
CCK-8S concentration (nmol/L)

500

Figure 2 The regulation of sulfated cholecystokinin-8 on [Ca2+]i in cultured interstitial cells of Cajal from the murine gastric antrum. A1: Fluorescent intensity
image of Fluo-3/AM loaded cultured interstitial cells of Cajal (ICC) under normal conditions; A2-6: Fluorescent intensity gradually increased in the presence of cholecystokinin-8 (CCK-8S) (100 nmol/L); B-E: Effects of different concentrations of sulfated CCK-8S on mean [Ca2+]i. In each case, cells from at least five different cell cultures; F: Effects of CCK-8S were estimated as percentage of ΔF/F0, where F0 was derived from the averaged intensity of the first 10-30 frames minus the background
in the cell-free region and ΔF is fluorescent intensity of the response minus F0. aP < 0.05, bP < 0.01 vs control.
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Figure 3 Sulfated cholecystokinin-8 activates interstitial cells of Cajal through the cholecystokinin1 receptor. A: Compared with the control; B: Lorglumide
significantly inhibited cholecystokinin-8 (CCK-8S)-induced increase in [Ca2+]i of interstitial cells of Cajal; C: Quantification of [Ca2+]i changes shown in A and B. Each
experiment was repeated at least three times. bP < 0.01 vs control.
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Figure 4 Sulfated cholecystokinin-8 induced calcium mobilization in cultured interstitial cells of Cajal. A, B: Pretreatment with 5 μmol/L thapsigargin (A) or 1
2+
μmol/L xestospongin C (B) completely abolished sulfated cholecystokinin-8 (CCK-8S)-induced [Ca ]i increases; C: Addition of nifedipine resulted in a smaller peak of
2+
2+
[Ca ]i in comparison with normal conditions; D: The CCK-8S-elicited [Ca ]i increase in the calcium-free medium was lower than that in the calcium-containing buffer;
E: Quantification of [Ca2+]i changes following addition of nifedipine or removal of extracellular Ca2+. The fluorescence was normalized as F1/F0 (F1: Maximal fluorescence after drug addition; F0: Basal fluorescence before drug addition). bP < 0.01 vs control.
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Figure 5 Sulfated cholecystokinin-8 stimulation of interstitial cells of Cajal
resulted in the protein kinase C-dependent phosphorylation of type Ⅲ
inositol 1,4,5-triphosphate receptor. A: Western blots of proteins were immunoprecipitated with type Ⅲ inositol 1,4,5-triphosphate receptor (InsP3R3)-specific
antibody. The immunoprecipitated proteins were probed with antibody specific
for phosphorylated Ser/Thr protein kinase C (PKC) substrate sequences. The
sulfated cholecystokinin-8 (CCK-8S)-induced phosphorylation of InsP3R3 was
apparently inhibited by pretreatment with chelerythine. Pretreatment with lorglumide (5 μmol/L) could significantly reduce the CCK-8S intensified phosphorylation of InsP3R3. In the positive control group, treatment of cells with phorbol12-myristate-13-acetate (PMA) also resulted in an enhanced phosphorylation of
InsP3R3; B: The nitrocellulose membrane in A was stripped and reprobed with
InsP3R3 (1:1000) to determine the levels of InsP3R3 immunoprecipitated. Each
cell sample contained nearly equal amounts of InsP3R3.
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controlling GI motility. Our study indicated that CCKevoked gastric contraction is probably mediated through
direct action on CCK1R located on the ICC. However,
with respect to GI motility, both the ICC network and
the gastrointestinal nervous system play essential roles in
producing highly coordinated peristalsis[27,28]. Additional
studies are needed to investigate the role of interactions between the enteric neurons and the ICC in CCKevoked effect.
In the GI ICC, the cytoplasmic Ca2+ oscillation is
responsible for the pacemaker activity. The pacemaker
activity is generated in the ICC and then transferred to
smooth muscle cells through the gap junctions[1,29]. In this
study, we proved that CCK-8S markedly increased [Ca2+]i
in cultured gastric antrum ICC, and the biological effects
of CCK-8S were mainly mediated via CCK1R located on
the ICC. Two major mechanisms are involved in [Ca2+]i
increment during the contraction: calcium release of
endoplasmic reticulum Ca2+ store, and/or calcium influx
from the extracellular space through activation of calcium
channels[29]. We have shown that emptying of the intracellular calcium stores by thapsigargin completely blocked
the enhancement effect of CCK-8S on the [Ca2+]i level
of ICC. Removing extracellular calcium could also inhibit
the effect of CCK-8S, but not abolish it. Therefore, both
mechanisms mediate the CCK-8S action and Ca2+ release
from intracellular stores appears to be the major mechanism. The CCK-8S-induced [Ca2+]i increment could be
abolished by blockage of InsP3R, suggesting a predominant role of InsP3R-operated stores in CCK-8S-induced
intracellular Ca2+ release. However, the CCK-8S-evoked
[Ca2+]i increment was persistent in the presence of L-type
calcium channel blocker nifedipine, indicating that the
[Ca2+]i release is not activated by the influx of extracel-
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Figure 6 Effects of phorbol-12-myristate-13-acetate on sulfated cholecystokinin-8-evoked Ca2+ signaling in interstitial cells of Cajal. Fluo-3-loaded
interstitial cells of Cajal were pretreated with various concentrations of Phorbol12-myristate-13-acetate (PMA) (A: 10 nmol/L; B: 100 nmol/L; C: 1 μmol/L; D:
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lular calcium, while the influx of extracellular calcium can
facilitate the [Ca2+]i increase evoked by CCK-8S.
InsP3Rs are a family of Ca2+ channels of the endoplasmic reticulum (ER) that are widely distributed in different tissues[30,31]. InsP3 triggers opening of the InsP3R,
which can rapidly release Ca2+ stored in the ER into the
cytosol, generating a transient increase of [Ca2+]i[32]. The
kinetics of [Ca2+]i response depends on the amount of
InsP3, but many other signaling pathways participate in
modulating the response. Among them, phosphorylation
of InsP3R by a series of kinases has been reported[16,33,34].
In the present study, increased phosphorylation of InsP3R3 in gastric ICC induced by CCK-8S was significantly prevented by pretreatment with the PKC specific
inhibitor chelerythrine, while treatment of cells with the
PKC activator PMA alone resulted in an enhanced phosphorylation of InsP3R3, indicating an important regulatory role of PKC activation in this event. In addition, PMA
potently reduced the peak of CCK-8S-induced calcium
oscillation, while chelerythrine exhibited an opposite
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effect. Thus, we might conclude that the activation of
PKC negatively regulates CCK-8S-evoked calcium mobilization by phosphorylation of InsP3R3. It is consistent
with our previous study in other cells[18]. The inhibition
of Ca2+ release by PKC may be very useful to avoid full
ER-Ca2+ emptying after agonist stimulation, which could
have deleterious effects for the cell, first because of the
waste of energy that would result from having a full ERCa2+ emptying after each agonist stimulation and second
because of the effects of ER-Ca2+ depletion in terms of
triggering the activation of stress signaling pathways[35,36].
In summary, data obtained in our study suggest that:
(1) CCK-8S could evoke calcium mobilization in cultured
ICC; (2) the biological effects of CCK-8S are probably
via CCK1R located on the ICC; (3) this process is mainly
mediated by the release of InsP3-dependent intracellular
Ca2+ from ER; and (4) CCK-8S could activate PKC simultaneously, which increases the phosphorylation of InsP3R3 to negatively regulate the intracellular Ca2+ release
in the ICC.
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tract; their pacemaker activity is mediated by rhythmic intracellular Ca2+ oscillation. Cholecystokinin (CCK) contributes to the regulation of GI motility. To date,
the mechanisms of the regulatory effects of CCK remain unclear. The finding
that ICC express CCK1 receptor (also known as CCK-AR) suggests a role for
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CCK on intracellular Ca2+ concentration ([Ca2+]i) in the ICC.
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phase, operative duration for biliary external drainage
and survival rates in the four groups were analyzed for
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RESULTS: No significant difference was shown in
warm ischemia time, anhepatic phase and operative
duration for biliary external drainage among the four
groups. Five of the 40 rats in this study evaluated for
the one-week survival rate died, including three deaths
of severe pulmonary infection in group Ⅳ. A significant decrease of one-week survival rate in group Ⅳ
was noted compared with the other three groups. With
the prolongation of the biliary warm ischemia time,
the indexes of the liver function assessment were significantly elevated, and biliary epithelial cell apoptosis
index also increased. Pathological examinations showed
significantly aggravated inflammation in the portal area
and bile duct epithelial cell injury with the prolonged
secondary warm ischemia time. Microthrombi were
found in the micrangium around the biliary tract in
some sections from groups Ⅲ and Ⅳ.
CONCLUSION: The relationship between secondary
warm ischemia time and the bile duct injury degree is
time-dependent, and 20 min of secondary warm ischemia time is feasible for the study of bile duct injury.

Abstract
AIM: To investigate the impact of different time points
of secondary warm ischemia on bile duct in a rat autologous liver transplantation model with external bile
drainage.

© 2012 Baishideng. All rights reserved.

Key words: Bile duct; Liver; Transplantation; Warm ischemia; Rat

METHODS: One hundred and thirty-six male inbred
SD rats were randomly assigned to one of four groups
(Ⅰ-Ⅳ) according to the secondary warm ischemia time
of 0, 10, 20 and 40 min. A rat model of autologous
liver transplantation with continuous external biliary
drainage under ether anesthesia was established. Ten
rats in each group were used to evaluate the one-week
survival rate. At 6 h, 24 h, 3 d and 7 d after reperfusion of the hepatic artery, 6 rats were killed in each
group to collect the blood sample via the infrahepatic
vena cava and the median lobe of liver for assay. Warm
ischemia time of liver, cold perfusion time, anhepatic

WJG|www.wjgnet.com

Peer reviewers: Sheng-Lei Yan, MD, Division of Gastroenterol-

ogy, Department of Internal Medicine, Chang Bing Show Chwan
Memorial Hospital, No. 6, Lugong Rd., Lugang Township, Changhua County 505, Taiwan, China; José LS Souza, MD, Clinics
Hospital, University of Sao Paulo, 255 Eneas de Carvalho Ave. 9
th Floor, Room 9159, Sao Paulo 1009, Brazil
Zhu XH, Pan JP, Wu YF, Ding YT. Establishment of a rat liver
transplantation model with prolonged biliary warm ischemia time.
World J Gastroenterol 2012; 18(48): 7194-7200 Available from:

7194

December 28, 2012|Volume 18|Issue 48|

Zhu XH et al . Biliary warm ischemia injury in liver transplantation

The following experimental protocol was approved by
the Animal Care and Use Committee of the Drum Tower
Hospital and conformed to the Guide for the Care and
Use of Laboratory Animals published by the National
Institutes of Health.
All rats were randomly assigned to four experimental
groups according to the secondary warm ischemia time.
Group Ⅰ had no SWIT, in which simultaneous reperfusion was performed through the PV and HA after cold
perfusion. The SWIT in groups Ⅱ-Ⅳ was 10, 20 and 40
min, in which blood reperfusion of HA was performed
10, 20 or 40 min after PV reperfusion, respectively. Ten
rats in each group were used to evaluate the one-week
survival rate.

URL: http://www.wjgnet.com/1007-9327/full/v18/i48/7194.htm
DOI: http://dx.doi.org/10.3748/wjg.v18.i48.7194

INTRODUCTION
Liver transplantation has dramatically improved the
prognosis, morbidity and mortality of the patients with
end-stage liver diseases. Of all liver transplant recipients,
10%-40% develop biliary complications associated with a
mortality rate of 8%-15%[1,2]. With the improvement of
surgical techniques, the incidence of anastomotic biliary
strictures decreased remarkably, whereas the nonanastomotic biliary strictures (NAS) have become the major
type of biliary complications of liver allograft. NAS,
which is also called ischemic cholangiopathy, appears
early during the immediate postoperative period, and it
is characterized by biliary strictures and dilatations at any
location in the biliary system of the transplanted liver[3].
Knowledge about the pathogenesis of NAS is slowly
emerging from clinical and experimental studies performed during the last decade. The cause of NAS is multifactorial, and ischemia/reperfusion injury of the biliary
epithelium is considered as one of the major causes[4].
The most commonly used procedure for revascularization of the liver graft in clinical practice is initial portal
reperfusion and subsequent reconstruction of the hepatic
artery. Compared with liver cells, the bile duct epithelial
cells experience an extra ischemia process [the time from
portal vein (PV) recanalization to hepatic artery (HA) recanalization], which is “secondary warm ischemia time in
the biliary tract (SWIT)” or “relative warm ischemia time
in the biliary tract”. This is the special phase of biliary
tract warm ischemia in the graft.
During the transplantation process, the warm ischemia of biliary tract includes temporal warm ischemia
of liver graft during procurement and secondary warm
ischemia in the biliary tract. Because warm ischemic time
in the harvesting of donor liver after cardiac death (DCD)
is inevitable, more and more studies focus on the effect
of secondary warm ischemia time on bile duct injury[5].
In this study, we investigated the impact of different time
points of secondary warm ischemia in a rat autologous
liver transplantation model with external bile drainage.

Surgical procedures
A rat model of autologous liver transplantation with continuous external biliary drainage under ether anesthesia
was established in this study. It was described as follows:
A midline incision was made on the abdomen. The
ligaments around the liver were dissociated and severed.
The left diaphragm vein, hepatoesophageal ligament
vein and right adrenal vein were separated, ligated and
severed. The liver was turned left, and the suprahepatic
vena cava (SHVC) was anatomized. And the common
bile duct, HA, and PV were anatomized over the margin
of the duodenal bulb. The infrahepatic vena cava (IHVC)
was dissociated downwards about 6-8 mm. The liver was
dissociated completely except for the hepatic blood vessels in and out, and the common bile duct.
A clamp was placed on the crossing of the cranial
mesenteric vein and splenic vein, and the PV was pricked
with a transfixion pin and fixed by another clamp. Then
heparin saline (35 U/mL, 3 mL) was injected to make the
rat heparinized and allow liver blood to enter the general
circulation.
The abdominal aorta was pricked between the common iliac artery and left renal artery with pinhead and
fixed by a clamp, and it was blocked from the area above
the celiac trunk to the area below the puncture point
by a clamp. The clamps were placed on the SHVC and
IHVC with IHVC outflow tract left before cold perfusion. Lactated Ringer’s solution of 20 mL (4 ℃, containing heparin 12.5 U/mL) was perfused at 2.5 mL/min
through the PV by an infusion pump and the abdominal
aorta, respectively. The liver surface was covered with
4 ℃ lactated Ringer’s solution to lower the temperature.
The normal anatomical position of liver was maintained
to avoid uneven perfusion. Subsequently, the color of the
liver faded (Figure 1A).
The transfixion pin was removed after the perfusion,
the PV and abdominal aorta were repaired using 9-0
prolene suture, and the IHVC outflow tract was restored
with 8-0 prolene suture. The clamp was loosened to
check whether the restoration was successful. The HA
was clamped for the removal of the pre-remained line in
groups Ⅱ-Ⅴ, then the PV, abdominal aorta, SHVC and
IHVC were unclamped to end the anhepatic phase. The

MATERIALS AND METHODS
Animals and experimental groups
One hundred and thirty-six male inbred SD rats weighing
220-250 g were purchased from the Animal Center of
Yangzhou University (Yangzhou, China). The rats were
housed and fed at the Animal Center of Drum Tower
Hospital for least 7 d before transplantation to acclimate
them to the environment. All rats were provided with
standard laboratory chow and water and housed in accordance with institutional animal care policies. Prior to the
study, the rats were fasted for 8 h and were allowed free
access to water.

WJG|www.wjgnet.com

7195

December 28, 2012|Volume 18|Issue 48|

Zhu XH et al . Biliary warm ischemia injury in liver transplantation

junum wall and fixed to the peritoneum (Figure 1B). The
free ends of external biliary drainage tube and jejunal
fistula tube were brought out of the body through a stab
on the back of the rat’s neck and connected with a short
hypodermic needle (Figure 1C).

A

Sample collection
At 6 h, 24 h, 3 d and 7 d after reperfusion of the hepatic
artery, six rats were killed in each group to collect blood
sample via the infrahepatic vena cava and the median lobe
of liver for assay. The serum was separated and stored at
-70 ℃ until analysis. Washed with cold saline solution, the
liver samples were stored immediately in liquid nitrogen
until analysis.

B

Analysis of establishment of models
Analysis of establishment of models included warm
ischemia time of liver (the time from abdominal aorta
clamping to cold perfusion of liver), cold perfusion time,
anhepatic phase (the time from PV clamping to PV reperfusion), operative duration for biliary external drainage and survival rates in the four groups.
Liver function assessment
The liver function assessment included measurements of
serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (AKP), total bilirubin (TB) and direct bilirubin (DB). The serum samples
were collected at 6 h, 24 h, 3 d and 7 d after reperfusion
of HA and liver function test was conducted by automatic biochemistry analyzer (HITACHI 7600).

C

Apoptosis assay of bile duct epithelia
Apoptosis of biliary tract epithelia was identified by detecting DNA fragmentation in situ in serial sections at
6 and 24 h after HA reperfusion. DNA fragmentation
was detected by TUNEL staining, which was performed
on deparaffinized and dehydrated sections using the In
Situ Cell Death Detection kit (Zhongshan Biomedical
Technology Co., Beijing, China) according to the manufacturer’s instructions. TUNEL-positive cholangiocytes
displayed a characteristic morphology of apoptosis, such
as chromatin condensation, cell fragmentation and apoptotic bodies. Apoptotic cells were examined at original
magnification × 400 in 10 randomly chosen fields per
section. The apoptotic index was calculated as percentage
of apoptotic cells related to the total number of cholangiocytes.

Figure 1 Surgical procedure for a rat model of autologous liver transplantation with continuous external biliary drainage. A: Lactated Ringer’
s solution was perfused by an infusion pump through the portal vein and the
abdominal aorta; B: A polyethylene catheter was inserted into the common bile
duct for external biliary drainage; C: The free ends of external biliary drainage
tube and jejunal fistula tube were connected.

liver surface was covered with 38 ℃ normal saline (20
mL) for rapid rewarming. Thus the liver was filled with
blood and turned red. The intestinal tract was placed
back to the abdominal cavity during the secondary warm
ischemia-reperfusion. The abdominal cavity was covered
with wet gauze and heated by a lamp to maintain normal
temperature.
The distal end of the bile duct was ligated and a polyethylene catheter (inner diameter 0.8 mm, outer diameter
1.2 mm) was inserted into the common bile duct for
external biliary drainage. A jejunal fistula was established
to return the remaining bile into the enterohepatic circulation. A 15-cm portion of polyethylene catheter (inner
diameter 1.2 mm, outer diameter 1.5 mm) was inserted
approximately 2 cm into jejunum through a stab in the je-
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Histological evaluation of bile duct injury
Six hepatic specimens were collected at 24 h after reperfusion of HA in each group. The liver specimens for
light microscopy were fixed with 10% formalin and then
embedded in paraffin. The sections were stained with
hematoxylin and eosin for histological examination. Bile
duct injury in specimens was semi-quantified by calculating a bile duct injury severity score (BDISS)[6] based on
the following three components: bile duct damage (graded
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Table 1 Analysis of establishment of models
Group

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Anhepatic
phase (min)

3.1 ± 0.5
3.0 ± 0.4
3.3 ± 0.3
3.2 ± 0.5

18.1 ± 1.2
17.6 ± 1.5
18.5 ± 1.1
17.9 ± 1.7

Operative duration 1-wk survival
rate (%)
for biliary external
drainage (min)
6.2 ± 1.2
7.1 ± 1.4
6.7 ± 1.6
6.5 ± 2.0

100
100
90
60

Liver function assessment
A significant increase of ALT, AST, AKP, TB and DB
was observed at 6 h, 24 h, day 3 and day 7 (P < 0.05)
after operation in the three groups compared with the
results in group Ⅰ. The increased indexes of liver function test in group Ⅳ were higher than in groups Ⅱ and Ⅲ,
and there were significant differences among these three
groups at 6 h, 24 h, day 3 and day 7 after operation (P <
0.05).
ALT and AST reached the peak at 6 h after autologous liver transplantation, and very significant decrease
was observed on post-operative days 3 and 7 (P < 0.01).
Other liver function indexes, including AKP, TB and DB,
reached the peak at post-operative 24 h, and there was
significant decrease on post-operative days 3 and 7 (P <
0.05, Table 2).

Figure 2 Pathological examination of the lung after the death of three rats
in group Ⅳ (hematoxylin-eosin; original magnification × 400).

as 0, absent; 1, mild; 2, moderate; and 3, severe; modified from the Banff criteria for defining acute rejection);
ductular proliferation (graded 0-3, using a similar scale as
stated earlier); and cholestasis (graded 0-3, using a similar
scale as stated earlier). This resulted in a minimal BDISS
of zero and a maximum score of nine points. All examinations were conducted by an experienced pathologist
who was unaware of the other study data.
Statistical analysis
Results were expressed as mean ± SD. Numerical data
was analyzed with Statistical Analysis System. One-way
repeated measures analysis of variance with the StudentNewman-Keuls test was performed for multiple comparisons to test the effect of time, groups, and the interaction
between the time and groups. A P value of < 0.05 was
considered significant.

Apoptosis assay of bile duct epithelia
The apoptosis index of bile duct epithelia in groups Ⅰ at
6 and 24 h after hepatic artery reperfusion was 5.87 ±
0.50 and 7.13 ± 0.60. Compared with group Ⅰ, there
was a significant increase of apoptosis index at 6 and 24
h in groups Ⅱ and Ⅲ (P < 0.05), and a very significant
increase in group Ⅳ (P < 0.01). The increased apoptosis
index in group Ⅳ was higher than in groups Ⅱ and Ⅲ,
and there were significant differences among these three
groups at post-operative 6 and 24 h (P < 0.05). In all
groups, the apoptosis index at 24 h after hepatic artery
reperfusion was higher than at 6 h, but no significant differences were noted (P > 0.05) (Table 3; Figure 3A and B)

RESULTS
Analysis of establishment of models
The cold perfusion time in each group was eight minutes with the use of an infusion pump. No significant
difference was shown in warm ischemia time, anhepatic
phase and operative duration for biliary external drainage among the four groups (P > 0.05). Five of the 40
rats in this study evaluating the one-week survival rate
died, including one death of bleeding caused by unsuccessful abdominal aorta repair (group Ⅲ), one of sudden
respiratory arrest after HA reperfusion (group Ⅳ) and
three of severe pulmonary infection (group Ⅳ). The result of autopsy after the death of three rats in group Ⅳ
showed serious pulmonary vascular exudation and edema
accompanied with pulmonary consolidation. Pathological examination revealed obvious leucocyte infiltration
in alveolar cavity and pulmonary interstitium, numerous
inflammatory exudates around bronchi, and alveolar wall
damage with microvascular endothelial cell injury and
bleeding (Figure 2). A significant decrease of one-week
survival rate in group Ⅳ was noted compared with the
other three groups (P < 0.05, Table 1).
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Warm
ischemia
time (min)

Histological evaluation of bile duct injury
The predominant injuries of bile duct in group Ⅰ included
cholangiocytes lined in disorder, diversified morphous
and edema, inflammatory cell infiltration, migrated chromatin, and the necrotic and caducous cell debris in the lumen under light microscope. The bile duct showed more
histological changes in groups Ⅱ and Ⅲ, and the most
significant injury occurred in group Ⅳ (Figure 4A and B).
Microthrombi were found in the micrangium around the
biliary tract in some sections from groups Ⅲ and Ⅳ.
Compared with group Ⅰ, there was a significant increase of BDISS at 6 and 24 h in groups Ⅱ and Ⅲ (P
< 0.05), and a very significant increase of apoptosis in
group Ⅳ (P < 0.01). The BDISS in group Ⅳ was higher
than in groups Ⅱ and Ⅲ, and there were significant differences among the three groups at post-operative 6 and
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Table 2 Effect of different secondary warm ischemia time on liver function (mean ± SD)
Liver function

Normal value

Group

5-40

Ⅰ

ALT
(U/L)

6h

Ⅱ
Ⅲ
Ⅳ

AST
(U/L)

8-40

Ⅰ
Ⅱ
Ⅲ
Ⅳ

AKP
(U/L)

47-185

Ⅰ
Ⅱ
Ⅲ
Ⅳ

TB
(mg/dL)

0.3-1.2

Ⅰ
Ⅱ
Ⅲ
Ⅳ

DB
(mg/dL)

0.1-0.4

24 h

165.71 ± 31.42
356.15 ± 52.52a
632.23 ± 32.28b,c
931.27 ± 20.21b,d,e
855.11 ± 28.20
1027.05 ± 42.02a
1560.46 ± 68.39b,c
2620.13 ± 123.68b,d,e
124.52 ± 26.26
206.54 ± 27.69a
297.40 ± 34.14b,c
417.06 ± 10.82b,d,e
0.82 ± 0.26
1.13 ± 0.17a
2.12 ± 0.20a,c
2.64 ± 0.28b,c,e
0.83 ± 0.17
1.02 ± 0.11
2.05 ± 0.22a,c
2.36 ± 0.12b,c,e

Ⅰ
Ⅱ
Ⅲ
Ⅳ

140.22 ± 21.08
246.31 ± 22.93a
444.32 ± 27.80b,c
801.81 ± 25.17b,d,e
553.62 ± 17.66
837.31 ± 47.72a
1129.26 ± 137.09b,c
2194.53 ± 297.70b,d,e
154.13 ± 32.32
270.85 ± 28.48a
363.36 ± 30.73b,c
445.81 ± 33.49b,d,e
1.42 ± 0.27
1.52 ± 0.10
2.54 ± 0.19a,c
3.43 ± 0.19b,d,e
1.06 ± 0.11
1.33 ± 0.12a
2.36 ± 0.20a,c
2.75 ± 0.12a,c,e

3d
24.30 ± 12.04
46.43 ± 4.69a
79.58 ± 17.93a,c
108.95 ± 11.81b,d,e
82.02 ± 21.14
117.33 ± 30.86a
173.48 ± 33.61a,c
250.10 ± 48.54b,d,e
121.22 ± 14.21
189.74 ± 24.28a
295.90 ± 22.04b,c
327.92 ± 12.36b,c,e
0.82 ± 0.24
0.93 ± 0.11
1.37 ± 0.20a,c
2.34 ± 0.27b,c,e
0.64 ± 0.11
0.83 ± 0.12
1.45 ± 0.22a,c
2.23 ± 0.20b,d,e

7d
20.15 ± 8.12
38.24 ± 3.52a
56.12 ± 10.23a,c
71.26 ± 9.14b,d,e
52.13 ± 17.26
84.24 ± 18.92a
113.13 ± 25.72a,c
165.31 ± 41.26b,d,e
91.52 ± 11.56
126.51 ± 16.15a
163.26 ± 13.29b,c
227.84 ± 32.16b,c,e
0.70 ± 0.21
0.81 ± 0.16
1.04 ± 0.18a,c
1.96 ± 0.28b,c,e
0.52 ± 0.21
0.71 ± 0.16
1.32 ± 0.19a,c
2.02 ± 0.26b,d,e

a

P < 0.05, bP < 0.01 vs group Ⅰ; cP < 0.05, dP < 0.01 vs group Ⅱ; eP < 0.05 vs group Ⅲ. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AKP:
Alkaline phosphatase; TB: Total bilirubin; DB: Direct bilirubin.

logic rejection. This model is simple and has a high successful rate, better reflects the pathophysiologic process
of bile ducts, and provides an approach for investigating
the intrahepatic bile duct injury in liver transplantation
caused directly by I/R injury[12].
More and more studies have focused on the role of
bile salt toxicity in the development of bile duct injury
after transplantation, and bile composition analysis may
be important in evaluating the liver function[13-15]. Establishing a stable model of orthotopic liver transplantation
with external biliary drainage in rats is needed to provide
the possibility for dynamic detection of bile characteristics after transplantation. But the lack of bile in the gut
lumen is one of the factors associated with an increase
in translocation of bacteria through the intestinal mucosa. It has been proposed that the intestinal bile flow is
important to the immunity because bile salt has a dispersion effect on lipopolysaccharide and endotoxin, which
had been proved to correlate with suppression of cellular immunity[16]. In experimental models, internal biliary
drainage resulted in better systemic immune status, and
improved intestinal barrier and mucosal immune functions[17]. The operative duration for biliary external drainage in this study was 6.7 ± 1.7 min, and no rat died of
biliary complication. The biliary extra-drainage model in
rat autologous liver transplantation in this study provides
a simple and reliable method for dynamic collection
of bile, and it could be applied in various experimental
studies.
Hepatocytes are supplied by both the hepatic artery
and the portal vein, but bile ducts entirely depend on
arterial blood supply for oxygenation. The terminal arteriole of hepatic artery branches off into the peribiliary
plexus (PBP), which supplies the intrahepatic bile ducts.
Therefore, the changes of PBP usually altered the intra-

Table 3 Effect of different timing of secondary warm
ischemia on apoptosis index of bile duct epithelia and bile
duct injury severity score (mean ± SD)
Group

Apoptosis index of bile duct
epithelia
6h

Ⅰ
Ⅱ
Ⅲ
Ⅳ

5.87 ± 0.50
7.58 ± 0.31a
8.98 ± 0.69a,c
11.99 ± 0.49b,c,e

24 h
7.13 ± 0.60
8.96 ± 0.67a
9.90 ± 0.48a,c
13.08 ± 0.65b,d,e

Bile duct injury severity
score
6h
2.5 ± 0.3
3.6 ± 0.3a
4.7 ± 0.2a,c
6.1 ± 0.4b,e

24 h
2.9 ± 0.2
3.7 ± 0.4a
5.1 ± 0.3a,c
6.5 ± 0.2b,c,e

a

P < 0.05, bP < 0.01 vs group Ⅰ; cP < 0.05, dP < 0.01 vs group Ⅱ; eP < 0.05 vs
group Ⅲ.

24 h (P < 0.05). In all groups, BDISS at 24 h after hepatic
artery reperfusion was higher than at 6 h, but no significant differences were noted (P > 0.05, Table 3).

DISCUSSION
Grafts from DCD are used to increase the number of
organs available for liver transplantation, and warm
ischemic time in the donor in addition to subsequent
cold ischemia-reperfusion injury is believed to result in
increased damage to biliary epithelial cells[7,8]. It is associated with a higher risk of biliary strictures, and the
incidence of NAS after DCD ranged from 10% to 30%
compared with an incidence of 1%-10% after brain
death[9-11]. The present experiment used a rat model of
autologous orthotopic liver transplantation to simulate
I/R injury of the biliary tract, which simulated the whole
process of clinical liver transplantation. This model decreased the possibility of blood vessel or vascular anastomosis damage compared with allogeneic orthotopic liver
transplantation, and it avoided the effects of immuno-
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B
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Figure 3 With the prolongation of secondary biliary warm ischemia time,
more biliary epithelial cells became apoptotic. A: Biliary epithelial cell apoptosis in group Ⅰ at 24 h after hepatic arterial (HA) reperfusion; B: Biliary epithelial cell apoptosis in group Ⅳ at 24 h after HA reperfusion (hematoxylin-eosin;
original magnification × 400).

Figure 4 Histological examination of the liver at 24 h after hepatic arterial
reperfusion. A: Cholangiocyte injury can be found in group Ⅰ; B: More marked
injury occurs in group Ⅳ (hematoxylin-eosin; original magnification × 400).

the biliary epithelial cell apoptosis index was significantly
elevated, and the apoptosis index at 24 h after hepatic artery reperfusion was higher than at 6h, but with no significant differences.
In conclusion, the relationship between secondary
warm ischemia time and the bile duct injury degree is
time-dependent. Because of a lower one-week survival
rate in the 40 min group, 20 min of secondary biliary
warm ischemia time is feasible for the study of bile duct
injury in a rat autologous liver transplantation model with
external bile drainage.

hepatic bile duct structure. Post-transplantational hepatic
artery ischemia induces ischemia and occlusion of PBP,
which is the vital reason leading to aggravation of ischemia of intrahepatic bile ducts[18-20]. The pathomorphologic changes of biliary tract showed that the relationship between secondary ischemia time and pathological
structural injury was time-dependent, and the biliary
tract injury in group Ⅳ was most serious among the four
groups in this study. Microthrombi were found in the micrangium around the biliary tract in some sections from
groups Ⅲ and Ⅳ. Accordingly, the serum levels of liver
function increased with the prolonged second warm ischemia time. The levels of AKP, TB and DB, in particular,
revealed the injury of the bile duct, which became worse
with the longer second warm ischemia time.
Bile duct epithelia are highly susceptible to reoxygenation after anoxia[21]. The increased susceptibility to
reoxygenation injury by cholangiocytes is associated with
increased production of toxic reactive oxygen species by
cholangiocytes during reoxygenation with concomitant
low basal levels of the antioxidant glutathione in these
epithelial cells[22]. Apoptosis is one of the two mechanisms
by which cell death occurs (the other is the pathological
process of necrosis). Accumulating evidence suggests that
apoptosis plays an important role in ischemia-reperfusion
injury in organ transplantation[23,24] and it is widely taken
as a reference index to evaluate bile duct epithelial injury.
With the prolongation of the biliary warm ischemia time,
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Background

With the improvement of surgical techniques, the incidence of anastomotic
biliary strictures after liver transplantation decreased remarkably, whereas the
nonanastomotic biliary strictures became the major type of biliary complications
of liver allograft. Diffuse non-anastomotic biliary strictures remain the most challenging type of biliary complication as they are frequently therapy-resistant and
often associated with long-term consequences.

Research frontiers

Warm ischemic time in donation after cardiac death in addition to subsequent
cold ischemia-reperfusion injury is believed to result in increased damage to
biliary epithelial cells. Compared with liver cells, the bile duct epithelial cells
experience an extra ischemia process, which includes the time from portal vein
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recanalization to hepatic artery recanalization, and this is “secondary warm
ischemia time in the biliary tract” or “relative warm ischemia time in the biliary
tract”. This is the special phase of biliary tract warm ischemia in the grafts, and
more and more studies have focused on the effect of secondary warm ischemia
time on bile duct injury.

10

Innovations and breakthroughs

Because warm ischemic time in the harvesting of donor liver after cardiac death
is inevitable, more and more studies have investigated the effect of secondary
warm ischemia time on bile duct injury. In this study, the authors investigated
the impact of different time points of secondary warm ischemia in a rat autologous liver transplantation model with external bile drainage. This model
provides a simple and reliable method for dynamic collection of bile, and can be
applied in various experimental studies.

11

12

Applications

This study demonstrated that the relationship between secondary warm ischemia time and the bile duct injury degree is time-dependent. Because of the
lower one-week survival rate in the 40 min group, the authors proposed that 20
min of secondary biliary warm ischemia time should be feasible for the study of
bile duct injury in a rat autologous liver transplantation model with external bile
drainage.

13

Terminology

This is a well designed and conducted experimental study with very interesting
results. The literature review was adequate. The materials and methods were
adequate and coincident to the objective of the study. Newer studies with your
rat model with prolonged secondary biliary will help us to elucidate unanswered
questions in hepatobiliary surgery.
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ORIGINAL ARTICLE

Electroacupuncture alleviates stress-induced visceral
hypersensitivity through an opioid system in rats
Yuan-Yuan Zhou, Natalie J Wanner, Ying Xiao, Xuan-Zheng Shi, Xing-Hong Jiang, Jian-Guo Gu, Guang-Yin Xu
The extent of visceral hypersensitivity was quantified
by electromyography or by abdominal withdrawal reflex (AWR) scores of colorectal distension at different
distention pressures (20 mmHg, 40 mmHg, 60 mmHg
and 80 mmHg). AWR scores either 0, 1, 2, 3 or 4 were
obtained by a blinded observer. EA or sham EA was
performed at classical acupoint ST-36 (Zu-San-Li) or
BL-43 (Gao-Huang) in both hindlimbs of rats for 30
min. Naloxone (NLX) or NLX methiodide (m-NLX) was
administered intraperitoneally to HIS rats in some experiments.
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RESULTS: HIS rats displayed an increased sensitivity
to colorectal distention, which started from 6 h (the
first measurement), maintained for 24 h, and AWR
scores returned to basal levels at 48 h and 7 d after
HIS compared to pre-HIS baseline at different distention pressures. The AWR scores before HIS were
0.6 ± 0.2, 1.3 ± 0.2, 1.9 ± 0.2 and 2.3 ± 0.2 for 20
mmHg, 40 mmHg, 60 mmHg and 80 mmHg distention
pressures, respectively. Six hours after termination
of the last stressor, the AWR scores were 2.0 ± 0.1,
2.5 ± 0.1, 2.8 ± 0.2 and 3.5 ± 0.2 for 20 mmHg, 40
mmHg, 60 mmHg and 80 mmHg distention pressures,
respectively. EA given at classical acupoint ST-36 in
both hindlimbs for 30 min significantly attenuated the
hypersensitive responses to colorectal distention in
HIS rats compared with sham EA treatment [AWRs
at 20 mmHg: 2.0 ± 0.2 vs 0.7 ± 0.1, P = 4.23 711
E-4; AWRs at 40 mmHg: 2.6 ± 0.2 vs 1.5 ± 0.2, P =
0.00 163; AWRs at 60 mmHg: 3.1 ± 0.2 vs 1.9 ± 0.1,
P = 0.003; AWRs at 80 mmHg: 3.6 ± 0.1 vs 2.4 ± 0.2,
P = 0.0023; electromyographic (EMG) at 20 mmHg:
24 ± 4.7 vs 13.8 ± 3.5; EMG at 40 mmHg: 60.2 ± 6.6
vs 30 ± 4.9, P = 0.00 523; EMG at 60 mmHg: 83 ± 10
vs 39.8 ± 5.9, P = 0.00 029; EMG at 80 mmHg: 94.3
± 10.8 vs 49.6 ± 5.9, P = 0.00 021]. In addition, EA
at the acupuncture point BL-43 with same parameters
did not alleviate visceral hypersensitivity in HIS rats.
EA in healthy rats also did not have any effect on AWR
scores to colorectal distention at distention pressures

Abstract
AIM: To investigate whether stress-induced visceral
hypersensitivity could be alleviated by electroacupuncture (EA) and whether EA effect was mediated by endogenous opiates.
METHODS: Six to nine week-old male SpragueDawley rats were used in this study. Visceral hypersensitivity was induced by a 9-d heterotypic intermittent stress (HIS) protocol composed of 3 randomly
stressors, which included cold restraint stress at 4 ℃
for 45 min, water avoidance stress for 60 min, and
forced swimming stress for 20 min, in adult male rats.
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conditions and gastrointestinal diseases, including IBS,
functional dyspepsia, constipation, and diarrhea[7-9]. It
has been shown that EA treatment results in a significant improvement both in general conditions and in
symptoms of bloating[10,11]. Combined EA at the acupuncture points ST-36 and PC-6 significantly increases
the threshold of rectal sensations induced by rectal distension in IBS patients[8,12,13], suggesting that EA might
be a promising method to treat visceral pain in patients
with IBS. However, research into EA for chronic visceral pain is still in its infancy, and much of the limited
scientific evidence surrounding it is fragmentary and
often contradictory[14-16]. Thus, further investigations of
EA efficacy and its mechanisms are definitely merited.
Recently, we have developed a rat model of visceral
hypersensitivity induced by heterotypic intermittent
stress (HIS)[17]. These rats displayed no robust inflammation or injury in the colon, but a significantly higher
visceromoter response (VMR) to colorectal distention
(CRD) compared with age-matched controls. Thus, the
animal model resembles some characteristics of IBS
seen in human patients. The aim of this study was to
investigate whether EA has therapeutic benefits on visceral hypersensitivity induced by HIS, and if so, what is
the underlying mechanism. We found that EA treatment
at acupoint ST-36 significantly attenuated abdominal
withdrawal reflexes (AWRs) in HIS rats at distention
pressures of 20 and 40 mmHg, and in both stressed and
non-stressed rats at distention pressures of 60 and 80
mmHg. Pretreatment with naloxone (NLX), an opioid
receptor antagonist, or NLX methiodide (m-NLX), a
selectively peripherally acting opioid receptor antagonist, completely reversed the EA effect in HIS rats.

of 20 and 40 mmHg. The EA-mediated analgesic effect was blocked by pretreatment with NLX in HIS rats
[AWR scores pretreated with NLX vs normal saline (NS)
were 2.0 vs 0.70 ± 0.20, 2.80 ± 0.12 vs 1.50 ± 0.27,
3 vs 2.00 ± 0.15 and 3.60 ± 0.18 vs 2.60 ± 0.18 for
20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg; P =
0.0087, 0.0104, 0.0117 and 0.0188 for 20, 40, 60 and
80 mmHg, respectively]. Furthermore, EA-mediated
analgesic effect was completely reversed by administration of m-NLX, a peripherally restricted opioid antagonist (EMG pretreated with m-NLX vs NS were 30.84 ±
4.39 vs 13.33 ± 3.88, 74.16 ± 9.04 vs 36.28 ± 8.01,
96.45 ± 11.80 vs 50.19 ± 8.28, and 111.59 ± 13.79 vs
56.42 ± 8.43 for 20 mmHg, 40 mmHg, 60 mmHg and
80 mmHg; P = 0.05 026, 0.00 034, 0.00 005, 0.000 007
for 20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg, respectively).
CONCLUSION: EA given at classical acupoint ST-36
alleviates stress-induced visceral pain, which is most
likely mediated by opioid pathways in the periphery.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Animals
Six to nine week-old male Sprague-Dawley rats (n = 94)
housed at approximately 22 ℃ with a 12-h light/dark
cycle were used in this study. Care and handling of these
animals were approved by the Institutional Animal Care
and Use Committee at the University of Texas Medical
Branch and at Soochow University. The animals were euthanized by decapitation at various times indicated in the
Result section after the end of in vivo behavioral studies.
Compared with our previous report that HIS-induced
visceral hypersensitivity returned to normal level 24 h after termination of the last stressor in Wistar rats[17], HISinduced visceral hyperalgesia lasted longer in SD rats
than in Wistar rats. Therefore, SD rats were used in this
experiment. Rats were grouped before experiment and
were single-housed during experiments.

INTRODUCTION
Irritable bowel syndrome (IBS) is a common gastrointestinal disorder characterized by chronic visceral pain
and bloating in association with altered bowel movements[1-3]. Chronic visceral pain, the cardinal feature of
IBS, has been difficult to treat[4-6]. Acupuncture is an
ancient form of traditional Chinese medicine that can
be traced back for more than 3000 years. The acupuncture procedure involves the insertion of thin needles
into the skin and underlying muscle layer, which are
termed acupuncture loci, or “acupoints”. In traditional
acupuncture, the needles are twisted right and left at 0.5to 1-s intervals. More recently, acupuncture needles are
stimulated by electricity at various frequencies (1-100
Hz), which is termed electroacupuncture (EA). EA has
been used extensively for treatment of various painful
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Heterotypic intermittent stress protocol
Rats were subjected to 9 consecutive days of a HIS protocol comprised of 3 randomly selected stressors, which
included cold restraint stress (CRS) at 4 ℃ for 45 min,
water avoidance stress (WAS) for 60 min, and forced
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Figure 1 Heterotypic intermittent stress protocol and pellets count. A: Nine-day heterotypic intermittent stress (HIS) protocol comprising three different randomly
arranged stressors; B: Stress accelerated colonic transit (n = 10 for control, n = 8 for HIS), which was accompanied by an increase in visceral hypersensitivity (aP < 0.05).
C: A schematic representation of the various treatments: stressors, colorectal distention (CRD) and drug treatment with time sequence. CON: Control; AVE: The mean
number of pellets for all 9-d stress protocol or from respective control rats; CRS: Cold restrained stressor; FSS: Forced swimming stressor; WAS: Water avoidance
stressor.

swimming stress (FSS) for 20 min, as described previously[17] and in Figure 1A. In brief, each stressor was applied between 8 am and 11 am. For CRS, the rats were
restrained in a clear plastic container (6 cm in diameter
× 18 cm in length). The container had 2-cm diameter
openings at each end for the rat to breathe normally. The
restraining container was placed in cold room at 4 ℃ for
45 min. The CRS was given to rats on days 1, 4 and 9.
For WAS, the rat was placed for 60 min on a brick (12
cm high × 6 cm wide × 8.5 cm long) in the middle of
a plastic container (14 cm high × 36 cm wide and × 54
cm long) filled with water at room temperature (approximately 22 ℃) within 1 cm from the top. The rats were
subjected to WAS on days 3, 5 and 7. For FSS, the rat
was forced to swim for 20 min in a plastic container (38
cm high × 24 cm wide × 32 cm long) filled to a depth
of 12 cm below the top with water at room temperature
(approximately 22 ℃). The FSS was given to rats on days
2, 6 and 8. Age-matched control rats were brought to
the laboratory and handled identically without the stress
protocol.
Heterotypic intermittent stress was chosen because
clinical findings suggest that long-term stress, rather
than short-term stress, exacerbates symptoms of IBS. In
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addition, variable stressors are less likely to produce adaptation when compared to repeated applications of the
same stressor. The number of pellets during each stress
protocol was counted for each rat in order to measure
colonic transit during stress protocol (Figure 1B). It is
remarkable that stress accelerated defection rate when
compared with controls (two sample t test, P < 0.001).
The number of pellets in the stress situations is not time
dependent as it is in the control situation. This is most
likely due to the different stressors used. The increase
in number of pellets and visceral hypersensitivity in the
stress situations indicates that this model can mimic the
major characteristics of patients with IBS and thus it is
a suitable rat model for study of the effect and mechanisms of EA treatment.
Measurement of visceral hypersensitivity to graded
colorectal distention
Electromyographic recordings. Visceral hypersensitivity was measured by electromyographic (EMG) measurements of VMR to CRD as described previously[18].
Briefly, under anesthesia with isofluorane, 2 electrodes
were implanted in the external oblique muscle and externalized behind the head. Rats were allowed 1 wk to
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was performed by rapidly inflating the balloon to constant pressure using a sphygmomanometer. The balloon
was inflated to 20 mmHg, 40 mmHg, 60 mmHg and 80
mmHg for 20 s followed by 2 min rest. Behavioral response to CRD was measured by visual observation of
AWR by a blinded observer and AWR was scored either 0
(normal behavior), 1 (slight head movement), 2 (contraction of abdominal muscles), 3 (lifting of abdominal wall)
or 4 (body arching and lifting of pelvic structures). AWR
scores were measured before HIS and 6 h, 1 d, 2 d and
7 d after termination of last stressor. The experimenter,
who assigned the AWR scores and performed the EMG
analysis, was masked to the control or stressed group assignment, to the sham or EA treatment, and to the drug
applied (saline or NLX/m-NLX). Each rat was tested
twice for AWR score for each distention pressure and the
mean AWR score from the two repeated measurements
was used for each rat for each pressure in the following
statistical analysis.

Gao-Huang
(BL-43)

Zu-San-Li
(ST-36)

Figure 2 Schematic representation of electroacupuncture points. ST-36
(Zu-San-Li) is thought to be relevant to gastrointestinal tract while Gao-Huang
is not.

recover from the surgery. After recovery, baseline EMG
measurement was recorded, and then 9-d stress protocol was applied. After termination of last stressor, the
EMGs were recorded again from these rats. In some
cases, EA or sham EA was applied during the stress
protocol. Under anesthesia with isofluorane, a flexible
balloon (5 cm) constructed from a surgical glove finger
attached to a tygon tubing was inserted 8 cm into the descending colon and rectum via the anus and held in place
by taping the tubing to the tail. Rats were placed in small
Lucite cubicles (20 cm × 8 cm × 8 cm) (Bioengineering Department, University of Texas Medical Branch,
Galveston, TX) and allowed to adapt for 30 min. CRD
was performed by rapidly inflating the balloon to constant pressure. Pressure was measured using a sphygmomanometer connected to a pressure transducer. The
balloon was inflated to various pressures (20 mmHg, 40
mmHg, 60 mmHg and 80 mmHg) for a 20 s stimulation period followed by a 2 min rest. EMG was recorded
continuously during the experiment on a Biopac System
EMG 100 ℃. The EMG signal was amplified, filtered
at 300 Hz and digitized using Acknowledge software
(Biopac Systems, Inc., CA, United States). The area under the curve (AUC) for EMG activities during each 20
s of distention was calculated using an in-house written
computer program[18]. The net value for each distension
was calculated by subtracting the baseline value derived
from the AUC for the 20 s pre-distention period. EMG
was measured before HIS and 6 h, 1 d, 2 d and 7 d after termination of last stressor. Each rat was tested for
EMG twice for each distention pressure and the mean
AUC of EMG calculated from the two repeated measurements was used for each rat for each pressure in the
following statistical analysis.

Electroacupuncture treatment
EA was applied by a pair of stainless steel suture needles. Hook-shaped needles were used to avoid spontaneous removal of inserted acupuncture needles from rat
body[20,21]. Two acupoints were used in this study: ST-36
(Zu-San-Li) or BL-43 (Gao-Huang). ST-36, equivalent
to the human acupoint ST-36 (Figure 2), is located at 5
mm lateral to the anterior tubercle of the tibia and 10
mm below the knee joint[21-23]. BL-43, equivalent to the
human acupoint BL-43 (Figure 2), was used as an irrelevant acupuncture point to the colon. The needles
were inserted bilaterally at a depth of 5 mm into the
skin and underlying muscles at acupuncture point. To
compare the effect of EA at an irrelevant acupoint, the
same stimulation parameters were used to stimulate the
BL-43. The needles inserted into acupoints were stimulated by an EA apparatus (Model G-6805-2, Shanghai
Medical Electronic Apparatus Company, China) with
a constant rectangular current of alternating trains of
dense-sparse frequencies (100 Hz for 1.05 s and 2 Hz
for 2.85 s alternately, pulse width, 0.1 ms). This combination of dense-sparse frequency would maximally
induce opioid release of met-enkephalin and dynorphin
A[24]. Electrical stimulus intensity was set at the threshold
for a detectable muscle twitch (approximately 1 mA).
The stimulation was delivered for 30 min. For sham EA
group, the needle set was inserted into the ST-36, but no
electrical stimulation was applied. Behavioral tests were
performed immediately after termination of EA.

Abdominal withdrawal reflex scores: Visceral hypersensitivity was also measured by grading behavioral response
of rats to CRD as described previously[3,19]. In brief, under anesthesia with isofluorane, a flexible latex balloon
(5 cm) attached to a tygon tube was inserted 8 cm into
the descending colon and rectum via anus and held in
place by taping the tube to tail. Rats were placed in small
lucite cubicles and allowed to adapt for 30 min. CRD

Drug administration
After finishing the first distension series, NLX (0.1 mg/
kg, Sigma) or m-NLX (1 mg/kg, Sigma) was administered intraperitoneally to HIS rats on the second day.
Thirty min after the administration of NLX or m-NLX,
EA at ST-36 was given for 30 min. The second distension series was performed immediately after termination
of EA. The AUCs for the EMG signals or AWR scores
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Figure 3 Heterotypic intermittent stress increased abdominal withdrawal reflex scores to colorectal distention. A: Abdominal withdrawal reflex (AWR) scores
were used as a function of distention pressure (20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg). Heterotypic intermittent stress (HIS) significantly enhanced AWR
scores measured at 6 h and 24 h after termination of last stressor when compared with baseline (Pre) under 20 mmHg, 60 mmHg and 80 mmHg distention pressure,
while HIS significantly enhanced AWR scores measured at 6 h after termination of last stressor when compared with Pre group under 40 mmHg distention pressure
[Tukey post hoc test following Friedman analysis of variance (ANOVA)]. Therefore, HIS can enhance visceral hypersensitivity in rats at 6 h and 24 h after termination
of last stressor generally when compared with baseline (Pre). AWR scores returned to normal level 48 h after termination of last stressor (n = 8 rats for each group;
a
P < 0.05 vs Pre); B: HIS remarkably reduced distention threshold. Distention threshold was the minimal distention pressure to evoke abdominal movement. In agreement with AWR scores, distention threshold started to reduce at 6 h and maintained at a low level at 24 h and returned to normal level 48 h after termination of last
stressor (Friedman ANOVA followed by Tukey post hoc test, n = 8 rats for each group; aP < 0.05 vs Pre).

from two distention series were calculated. m-NLX is a
selectively peripherally acting opioid receptor antagonist.
The time schedule of experimental protocol is shown in
Figure 1C.

basal levels at 48 h and 7 d after HIS compared with
pre-HIS baseline at different distention pressures (P <
0.05, Tukey post hoc test following Friedman ANOVA,
Figure 3A). In addition, the distention threshold was
measured in these rats before and after HIS protocol.
Distention threshold was the minimal distention pressure to evoke abdominal movement. The distention
threshold was 38.3 ± 1.5 mmHg before HIS and was
23.9 ± 1.3, 25.3 ± 0.8, 29.0 ± 1.8, 34.7 ± 0.9 mmHg at 6,
24, 48 h and 1 wk after termination of the last stressor,
respectively. There was significant time effect on the
distention threshold (Friedman ANOVA, P < 0.001, n
= 8 rats for each group). In agreement with the AWR
scores, the distention threshold was significantly lower
at 6 h and 24 h, and returned to the baseline level at 48
h and 7 d after HIS protocol compared with pre-HIS
baseline (P < 0.05, Tukey post hoc test following Friedman ANOVA, Figure 3B).
To further confirm the visceral hypersensitivity induced by HIS, EMG measurements were performed on
rats before and after HIS. The AUC of EMG recordings before HIS was 10.6 ± 1.6, 29.2 ± 3.3, 41.3 ± 4.3
and 52.4 ± 5.1 for 20 mmHg, 40 mmHg, 60 mmHg and
80 mmHg distention pressures, respectively. Six h after
termination of the HIS protocol, the AUCs were 24.0
± 4.7, 60.2 ± 6.6, 83.0 ± 10.0 and 94.3 ± 10.9 for 20
mmHg, 40 mmHg, 60 mmHg and 80 mmHg distention
pressures, respectively. There was significant time effect of HIS on EMG for all pressures [P < 0.001, twoway repeated measures ANOVA, with significant time
× pressure interaction (P < 0.001); n = 6 rats for each
group]. The AUCs were higher at 6, 24 and 48 h, and
returned to baseline values one week after termination
of HIS compared with pre-HIS baseline for 40, 60 and
80 mmHg, with no significant difference between AUC
of EMG of different time points at 20 mmHg (P < 0.05,

Statistical analysis
All data were expressed as mean ± SE. Statistical analysis
were conducted using commercial software OriginPro
8 (OriginLab, United States) and Matlab (Mathworks,
United States). Normality was checked for all analyses.
Significance between groups was determined using two
sample t test, Friedman analysis of variance (ANOVA)
or two-way repeated-measures ANOVA followed by
Tukey post hoc test or Mann-Whitney test where appropriate. The level of significance was set at P < 0.05.

RESULTS
HIS produced visceral hypersensitivity
To determine whether HIS induces visceral hypersensitivity, AWR scores to CRD were measured in rats
before and after the 9-d HIS protocol. The AWR scores
before HIS were 0.6 ± 0.2, 1.3 ± 0.2, 1.9 ± 0.2 and
2.3 ± 0.2 for 20, 40, 60 and 80 mmHg distention pressures, respectively. Six hours after termination of the
last stressor, the AWR scores were 2.0 ± 0.1, 2.5 ± 0.1,
2.8 ± 0.2 and 3.5 ± 0.2 for 20, 40, 60 and 80 mmHg
distention pressures, respectively (Figure 3A). Since the
first measurement was at 6 h, the time when it started
was unknown. To determine the time course of stressinduced visceral hypersensitivity, AWR scores were
recorded 6, 24, 48 h, and 7 d after the HIS protocol.
There was clear time effect for HIS on AWR scores for
all distention pressures (Friedman ANOVA; n = 8 rats
for each group). The increase in AWR scores started at
6 h, maintained for 24 h, and AWR scores returned to
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Figure 4 Heterotypic intermittent stress enhanced electromyographic activities in response to colorectal distention. Electromyographic (EMG) activities in
the external oblique muscle in response to graded colorectal distention (CRD) were measured before stress and 6 h, 24 h, 48 h and 7 d after termination of heterotypic intermittent stress (HIS). The magnitude of EMG activity was expressed as area under curve (AUC). A: Examples of EMG activities recorded from baseline (Pre),
6 h, 24 h, 48 h and 7 d after termination of HIS in rats responding to distention pressures of 20 mmHg, 40 mmHg and 80 mmHg; B: Bar graph shows the changes in
average of AUC before and after HIS protocol. There was no significant difference between EMGs of different time points at 20 mmHg. The magnitude of EMG activity of 6 h, 24 h and 48 h was significantly larger than that of Pre at distention pressures of 40 mmHg, 60 mmHg and 80 mmHg (Tukey post hoc test following two-way
repeated measures analysis of variance, n = 6 rats for each group; aP < 0.05 vs Pre).

Tukey post hoc test following two-way repeated measures
ANOVA, Figure 4A and B).

vs 1.9 ± 0.1; at 80 mmHg: 3.6 ± 0.1 vs 2.4 ± 0.2; P < 0.05,
Tukey post hoc test following two-way repeated measures
ANOVA, Figure 5A), but had no effect on control rats
under 20 mmHg and 40 mmHg pressures. Under 60
mmHg and 80 mmHg pressures, stress × EA treatment
interaction was not significant (n = 8 rats for each group,
two-way repeated measures ANOVA); EA treatment
significantly decreased AWR scores in both control and
HIS rats under 60 mmHg and 80 mmHg pressures (P <
0.05, EA effect, two-way repeated measures ANOVA,
Figure 5A).
To further confirm the EA effect on stressed rats,
EMGs were performed before and after EA or sham EA
treatment (Figure 5B and C). Both distention pressure
and EA treatment affected AUCs of HIS rats significantly (n = 6 rats for each group, two-way repeated measures
ANOVA: pressure effect, P < 0.001; EA treatment effect, P < 0.05), with significant pressure × EA treatment
interaction (P < 0.001). Rats that received EA treatment
showed a significant decrease in their AUCs compared to
rats that received sham EA under 40 mmHg, 60 mmHg
and 80 mmHg distention pressures 6 h after HIS (EMG
for sham EA vs EA, at 20 mmHg: 24 ± 4.7 vs 13.8 ± 3.5;
EMG at 40 mmHg: 60.2 ± 6.6 vs 30 ± 4.9, P = 0.00 523;
EMG at 60 mmHg: 83 ± 10 vs 39.8 ± 5.9, P = 0.00 029;
EMG at 80 mmHg: 94.3 ± 10.8 vs 49.6 ± 5.9, P = 0.00 021;
P < 0.05, Tukey post hoc test following two-way repeated
measures ANOVA, Figure 5B and C), without significant
effect under 20 mmHg pressure. This demonstrates that
EA suppressed visceral hypersensitivity, and is in agreement with previous studies that EA treatment attenuated
chronic visceral hyperalgesia induced by neonatal colonic
injection of acetic acid[23]. It is of note that results from
EMG recordings at 20 mmHg were different from those
of AWR scores after EA treatment.
To exclude the non-specific effect of EA treatment,
EA was applied at Gao-Huang. Gao-Huang, an equivalent to the human acupoint BL-43 (Figure 2), was

EA treatment suppressed visceral hypersensitivity in
HIS rats
To determine whether EA suppressed visceral hypersensitivity induced by HIS, AWR scores and AUCs of EMG
recordings after EA treatment were compared with
those after sham EA treatment. To define the specificity
of EA-mediated analgesic effect in rats, we also examined EA effect on age-matched healthy rats (controls).
Since AWR scores returned to the baseline level 48 h
and EMG data returned to baseline level one week after
termination of last stressor (Figures 3A and 4B), EA at
acupoints ST-36 (Figure 2) was applied to control and
HIS rats for 30 min within 48 h after termination of last
stressor. For sham EA group, the needle set was inserted
into the ST-36, but no electrical stimulation was applied.
AWR scores and EMG activities were recorded immediately after termination of EA. Both distention stress and
EA treatment affected AWRs (n = 8 rats for each group,
two-way repeated measures ANOVA: under 20 mmHg,
stress effect, P < 0.001; EA treatment effect, P < 0.01;
under 40 mmHg, stress effect, P < 0.001; EA treatment
effect, P < 0.05), with significant stress × EA treatment
interaction for 20 mmHg and 40 mmHg pressures (P
< 0.05 for 20 mmHg and 40 mmHg). HIS sham group
showed a significant increase in AWR scores compared
with control sham group under 20 mmHg and 40 mmHg
distention pressures (HIS sham vs control sham, for 20
mmHg: 2 ± 0.2 vs 0.6 ± 0.1; for 40 mmHg, 2.6 ± 0.2 vs
1.4 ± 0.2; P < 0.05, Tukey post hoc test following two-way
repeated measures ANOVA), while there was no significant difference in AWR scores between control and HIS
groups after EA treatment. EA treatment at ST-36 point
significantly decreased AWR scores in HIS rats (sham
EA vs EA, AWRs at 20 mmHg: 2.0 ± 0.2 vs 0.7 ± 0.1; at
40 mmHg: 2.6 ± 0.2 vs 1.5 ± 0.2; at 60 mmHg: 3.1 ± 0.2
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NLX reversed EA-induced analgesic effects
To explore the possible involvement of endogenous
opioid system in EA-induced antihyperalgesia, we then
examined the effect of systemically injected NLX on
EA-induced analgesia. After the 9-d HIS protocol, rats
received intraperitoneal injection of 0.1 mg/kg of NLX
in 1 mL 30 min before the beginning of EA at ST-36
points. Equal volume of normal saline (NS) was used
as control. Immediately after EA termination, the AWR
scores to CRD were determined (Figure 7A). The AWR
scores from HIS rats pretreated with NS were 0.70 ±
0.20, 1.50 ± 0.27, 2.00 ± 0.15 and 2.60 ± 0.18 for 20
mmHg, 40 mmHg, 60 mmHg and 80 mmHg distention pressures, respectively. The AWR scores in HIS rats
pretreated with NLX were 2.0, 2.80 ± 0.12, 3 and 3.60 ±
0.18 for 20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg
distention pressures, respectively. Pretreatment of NLX
significantly reduced the EA-induced suppression of
AWR scores of HIS rats under all distention pressures
when compared with NS group [n = 5 rats for each
group, Friedman ANOVA, NLX effect, P < 0.001; P <
0.05, Mann-Whitney test following Friedman ANOVA,
Figure 7A]. This indicates the involvement of endogenous opioid system in mediating EA analgesic effects on
HIS-induced visceral hyperalgesia. To exclude the nonspecific effect of NLX, we further determined whether
NLX itself produced any effect on AWR scores in control rats without EA treatment (Figure 7B). The AWR
scores before 0.1 mg/kg of NLX in 1 mL treatment in
control rats were 1.00 ± 0.16, 1.90 ± 0.10, 2.50 ± 0.22
and 2.70 ± 0.20 for 20 mmHg, 40 mmHg, 60 mmHg
and 80 mmHg distention pressures, respectively. The
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chosen as an irrelevant acupuncture point to the colon.
EA at BL-43 for 30 min did not produce any effect
on AWR scores in HIS rats [n = 7 rats for each group.
Two-way repeated measures ANOVA (EA treatment
effect, P > 0.05; pressure × EA interaction effect, P >
0.05), Figure 6].
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Figure 6 Effect of electroacupuncture at Gao-Huang. Same electroacupuncture (EA) parameters as EA at ST-36 (Zu-San-Li) were used for BL-43
(Gao-Huang) treatment in heterotypic intermittent stress (HIS) rats. Although
the abdominal withdrawal reflexes (AWRs) to colorectal distention heavily depend on the pressure level (two-way repeated measures analysis of variance,
pressure effect, P < 0.001), EA treatment at BL-43 point on HIS rats showed no
significant effect on pain perception; n = 7 rats for each group.
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Figure 5 Electroacupuncture treatment attenuated the abdominal withdrawal reflex scores and electromyographic activities. Electroacupuncture
(EA) treatments were delivered for 30 min within 24 h after termination of last
stressor. For sham EA group, the needle set was inserted into the ST-36 but
no electrical stimulation was applied. A: The effects of stress exposure and EA
treatment on abdominal withdrawal reflex (AWR) scores. Heterotypic intermittent stress (HIS) sham group showed a significant increase in AWR scores
compared to control sham group under 20 mmHg and 40 mmHg distention
pressures, while there was no significant difference in AWR scores between
control and HIS groups after EA treatment. EA treatment at ST-36 point significantly decreased AWR scores in HIS rats, but had no effect on control rats
under 20 mmHg and 40 mmHg pressures [Tukey post hoc test following twoway repeated measures analysis of variance (ANOVA)]. EA treatment significantly decreased AWR scores in both control and HIS rats under 60 mmHg and
80 mmHg pressures (two-way repeated measures ANOVA, n = 8 rats for each
group; P < 0.05); B: Representative electromyographic (EMG) traces recorded
immediately after termination of EA (left) or sham EA (right); C: Bar graph showing effects of EA treatment and sham EA on EMG recordings. The EMG was
significantly decreased by EA treatment at pressure of 40 mmHg, 60 mmHg
and 80 mmHg in stressed rats compared to sham EA groups (Tukey post hoc
test following two-way repeated measures ANOVA, n = 6 rats for each group;
a
P < 0.05 vs HIS + sham group). CON: Control.
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Figure 7 Reversal of electroacupuncture-mediated analgesic effect by
naloxone. A: The opioid receptor antagonist, naloxone (NLX) (0.1 mg/kg body
weight, n = 5), or normal saline (NS) was administrated intraperitoneally 30 min
before electroacupuncture (EA) application. Abdominal withdrawal reflex (AWR)
scores were recorded immediately after EA termination in rats pretreated with
NLX or NS. Both pressure and NLX injection significantly affected the AWRs to
colorectal distention in rats [Friedman analysis of variance (ANOVA), P < 0.001
for pressure effect and for NLX injection effect]. Bar graph showed that NLX
(0.1 mg/kg body weight) completely blocked the EA-induced analgesic effect
when compared with NS treatment at all pressures (Mann-Whitney test following Friedman ANOVA). n = 5 rats for each group. aP < 0.05 vs NS-EA group; B:
Same dose of NLX treatment did not produce any effect on AWR scores in control rats without EA treatment (Friedman ANOVA). AWRs were only significantly
affected by different pressure levels (P < 0.001). n = 5 rats for each group.
Control rats were not exposed to heterotypic intermittent stress (HIS).

40
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Distention pressure (mmHg)
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the beginning of EA at ST-36 points. Equal volume of
NS was used as control. EMG recordings were measured
immediately after EA termination. The AUCs of EMG
activities from HIS rats pretreated with NS were 13.33
± 3.88, 36.28 ± 8.01, 50.19 ± 8.28 and 56.42 ± 8.43 for
20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg distention pressures, respectively. The AUCs of EMG activities
in HIS rats pretreated with m-NLX were 30.84 ± 4.39,
74.16 ± 9.04, 96.45 ± 11.80 and 111.59 ± 13.79 for 20
mmHg, 40 mmHg, 60 mmHg and 80 mmHg distention
pressures, respectively. Pretreatment of m-NLX (1 mg/
kg, i.p.) significantly reduced the analgesic effects induced
by EA in a pressure-dependent manner (n = 6 rats for
each group, two-way repeated measures ANOVA, NLX
effect, P < 0.01; pressure × NLX interaction, P < 0.01).
The effect of pretreatment of m-NLX was significant
under 40 mmHg, 60 mmHg and 80 mmHg, but not
under 20 mmHg (P < 0.001, Tukey post hoc test following two-way repeated measures ANOVA, Figure 8). To
further determine the specificity of m-NLX, a low dose
of m-NLX (0.1 mg/kg) was injected intraperitoneally.
Pretreatment with a low dose of m-NLX did not affect
the EA-induced suppression of EMG activities in HIS
rats (data not shown). In addition, systemic injection of
m-NLX (1 mg/kg, i.p.) did not produce any effect on the
AUCs of EMG activities in normal or HIS rats without
EA treatment (data not shown). These data suggest that
EA may affect the peripheral opioid system to induce analgesia in HIS rats.

AWR scores after 0.1 mg/kg of NLX in 1 mL treatment
were 1.10 ± 0.19, 1.90 ± 0.24, 2.60 ± 0.24 and 2.80 ± 0.20
for 20 mmHg, 40 mmHg, 60 mmHg and 80 mmHg distention pressures, respectively. This suggests that NLX
itself did not produce any effect on AWR scores in control rats (n = 5 rats for each group, Friedman ANOVA,
NLX effect, P > 0.05). Similarly, we did not observe any
effect of NLX on AWR scores in HIS rats without EA
treatment (data not shown). These data suggest that the
inhibitory effect of NLX on visceral analgesia is associated with EA treatment.
m-NLX inhibited EA-induced analgesic effects
To further determine whether peripheral opioid system is
involved in the EA-induced analgesic effect, m-NLX was
administrated prior to EA treatment. m-NLX is an opioid
receptor antagonist that can not cross the blood-brain
barrier, thereby only acting at peripheral nervous system.
After the 9-d HIS protocol, rats received intraperitoneal
injections of 1 mg/kg of m-NLX in 1 mL 30 min before
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Figure 8 Reversal of electroacupuncture-mediated analgesic effect by
naloxone methiodide. The opioid receptor antagonist, naloxone methiodide
(m-NLX), or normal saline (NS) was administrated intraperitoneally (5 mg/kg
body weight) 30 min before electroacupuncture (EA) application. Electromyographic (EMG) activities were recorded immediately after EA from rats pretreated with m-NLX and NS. A: Examples of EA effects on EMG activities pretreated
with NS (top) or m-NLX (bottom); B: Bar graph showing that m-NLX completely
blocked the EA-induced analgesic effect. The magnitude of EMG activity was
significantly increased by m-NLX treatment at pressure of 40 mmHg, 60 mmHg
and 80 mmHg (Tukey post hoc test following two-way repeated measures
analysis of variance, n = 6 rats for each group; aP < 0.05 vs EA + NS group).
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rectal distension in dogs[30]. Since the parameter used for
EA treatment at BL-43 is the same as at ST-36, further
experiments are needed to investigate whether different
stimulation parameters used to stimulate BL-43 produce
the analgesic effect in this model. In addition, it is worth
noting that our results showed that EA produced a significant analgesic effect only on the HIS-induced visceral
hyperalgesia, but not on the age-matched healthy rats,
at the distention pressures of 20 mmHg and 40 mmHg
(Figure 5A). This further indicates that EA-produced analgesic effect is not a non-specific effect and that it may
be disease-related under low stimulation intensity. The
reason why EA did not produce inhibitory effect under
low distention pressure remains unknown. It is most
likely that low distention pressure produced the low responses that are not sensitive to EA treatment. However,
there has been a certain degree of skepticism about acupoint and disease specificity. There was no statistical difference between acupoint and nonacupoint acupuncture
in an experimental human pain model, thus suggesting
no acupoint specificity. Rong et al[31] reported that manual
acupuncture at ST-36 produced anti-nociceptive effect
on CRD in healthy rats. This discrepancy may be due to
the application of different methods of acupuncture and
distention pressure as well. Therefore, the acupoint and
disease specificity of EA treatment is still a controversial
issue and is a subject of further study of pain.
EA analgesic effect in various conditions may be
mediated by different mechanisms. These include opioid
and non-opioid mechanisms[32-35]. The involvement of
the endogenous opioid system is a well-established hypothesis for explanation of EA effects. The involvement
of non-opioid mechanisms in EA analgesia was confirmed by experiments in which administration of 5-HT
or catecholamine or adrenoceptor antagonists or depletion of cellular monoamine content blocked the EA-induced analgesic effect[36,37]. It appears that the underlying
mechanisms of EA analgesic effect in various conditions
may depend on the specific conditions[28]. In this study,
the systemic application of opioid receptor antagonist
NLX completely blocked the EA-mediated analgesic effects, indicating that endogenous opioid pathways were
involved in EA-mediated analgesia in the rat model of
visceral pain. This was consistent with the reports of different animal models of visceral pain[22,38]. In the present
study, we focused on the role of opioid system because
previous studies indicate that opioid system was sensitive
to environmental factors, and changes in its expression
attenuated the pain sensitivity in different models[23,39-43].
However, we cannot rule out that other systems may
also be affected by EA treatment. The net result of regulatory changes in cell signaling proteins induced by EA,
however, is to attenuate visceral hypersensitivity.
The processing of pain information occurs at central
(spinal and supraspinal) and peripheral sites, and thus
modification of pain levels can be achieved through interventions at multiple sites. Although the exact locations
where EA modifies pain are not clearly identified, EA is
thought to activate the ascending sensory pathways such

DISCUSSION
The present study examined the mechanisms involved in
EA-induced analgesia in a rat model of visceral hypersensitivity induced by HIS. EA treatment significantly
reduced AWR scores (Figure 5A) and suppressed EMG
responses (Figure 5C) to colorectal distention in the
stressed rats, but not in non-stressed rats, at the pressures
of 20 mmHg and 40 mmHg, indicating that EA had an
analgesic effect in this model. Although EA has been
used clinically for alleviation of various types of pain[25,26],
there is no enough scientific validation for the use of EA
in visceral pain. Together with our previous report that
EA attenuated visceral pain induced by neonatal acetic
acid infusion[23], we have provided additional evidence for
EA treatment for visceral pain in different models.
Acupuncture is being increasingly accepted by practitioners and patients, especially during the last three
decades. EA is a modification of this technique that
stimulates acupoints (or called acupuncture points) with
electrical current instead of manual manipulations. The
EA procedures may stimulate the somatic afferent nerves
innervating the skin and muscles of the body, which was
different from transcutaneous electrical nerve stimulation
(TENS). EA typically involves penetration of the skin
by fine, solid metallic needles, which are manipulated by
electrical stimulation. TENS is a treatment that has been
shown to be effective for pain relief in a variety of conditions. Electrodes for TENS are placed on the skin. Electric current applied at different pulse rates (frequencies)
and intensities is used to stimulate these areas so as to
provide pain relief. In this study, we focused on the EAmediated effect in stressed animal models. We showed
that EA at ST-36, but not at BL-43, significantly suppressed the visceral motor responses to CRD (Figure 6).
Koo et al[27] reported that ankle sprain pain was relieved
by EA at SI-6, but not at nearby LI-4. More recently, they
reported that EA-induced analgesic effects in capsaicininduced hyperalgesia are produced only by stimulation at
SI-3/TE-8 of the forelimb, but not at nearby points (LI-3/
LI-6) or several other points (GB-30/GB34, BL-40/BL-60,
GV-2/GV-6)[28]. Kim et al[29] demonstrated that acupuncture at HT-7, but not at nearby point TE-8, inhibited dopamine release in the nucleus accumbens and suppressed
behavioral hyperactivity in the morphine addiction model, thus suggesting the acupoint-specificity. However, the
acupoint specificity of EA effect in visceral pain remains
unknown. In the present study, two acupoints, ST-36 and
BL-43, were selected. The acupoint ST-36 has been used
empirically for the treatment of gastrointestinal diseases
for many years, while acupoint BL-43 is not thought to
be related to the GI tract (Figure 2). EA at ST-36, but
not at BL-43, significantly suppressed the visceral motor
responses to CRD (Figure 6), suggesting that the EA effect is not a non-specific effect and it may be associated
with acupoint and its related afferent fibers. This finding is consistent with a previous study which found that
EA at ST-36, but not at BL-21, significantly reduced the
increase in mean arterial blood pressure in response to
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induced by a heterotypic intermittent stress (HIS) protocol. EA at acupoint ZuSan-Li significantly decreased visceral hypersensitivity of rats. EA-mediated
analgesic effect was completely reversed by administration of naloxone (NLX)
methiodide, a peripherally restricted opioid antagonist. The mechanism underlying the effect of EA on visceral hypersensitivity of rats induced by HIS which is
a rat model of IBS appears to involve the mediation of peripheral opioid system.

as spinal dorsal horn and thalamus, or the descending
pain inhibitory mechanisms, such as opioid, adrenergic
and serotonergic pathways. Most of previous studies have
resolved only the central mechanism of EA analgesia,
and only a few reports have investigated the peripheral
mechanism of EA effect. Somatic inputs (i.e., EA-activated input) and noxious visceral signals (i.e., CRD) might
converge and interact in the neurons at spinal dorsal horn
level. Their interactions were manifested as that when the
cutaneous stimuli were applied, the neuronal response to
CRD was reduced in most cases[31]. Kim et al[28] showed
that EA suppresses capsaicin-induced secondary hyperalgesia through an endogenous spinal opioid mechanism,
thus indicating EA modulation of pain through a central,
but not peripheral, mechanism. The anti-nociceptive effect
of EA at ST-36 was abolished by pretreatment with NLX
but not by m-NLX by observation of mean arterial blood
pressure in response to rectal distension in dogs[30]. These
results suggest that EA at ST-36 may reduce visceral pain
via central opioid pathway. In this study, we demonstrated
that EA-mediated analgesia was completely blocked by
m-NLX. m-NLX is unable to cross the blood-brain barrier and blocks only peripheral opioid receptors[30,44], thus
indicating that EA analgesia is likely mediated by peripheral opioid receptors. Recent studies showed that peripheral
opioid receptors were activated by EA at the inflammatory site on the CFA model[45]. NMDA receptor expression in primary sensory neurons is inhibited by EA[46],
suggesting the peripheral effect of EA analgesia. Again,
this discrepancy points out the fact that EA-mediated analgesic effect may be disease and/or organ-specific. Since
previous studies have shown that stimulation frequencies
of EA determine the types of opioid peptides released in
the nervous system[24], further experiments are needed to
explore which subtypes of opioid receptors are involved
in mediating EA antihyperalgesic effects and to identify
the location from which the opioids are released, e.g., the
peripheral nerve terminals vs immunocytes, the mucosa/
submucosa vs muscle layer of the colon.
In conclusion, together with our previous report[23],
the present study demonstrated that EA treatment given
at classical acupoint ST-36 produces an analgesic effect on visceral hyperalgesia in a rat model of IBS. The
EA effect is mediated by endogenous opioid pathways,
possibly at peripheral sites, thus providing scientific evidence for the treatment of visceral pain in functional
gastrointestinal disorders using EA.

Innovations and breakthroughs

This is the first study to indicate that EA treatment produces an analgesic effect
on visceral hyperalgesia in a rat model of IBS induced by heterotypical intermittent stress. The EA effect is mediated by endogenous opioid pathways, possibly
at peripheral sites.

Applications

The present study demonstrated that EA treatment produces an analgesic effect on visceral hyperalgesia in a rat model of IBS. The EA effect is mediated
by endogenous opioid pathways, possibly at peripheral sites, thus providing
scientific evidence for the treatment of visceral pain in functional gastrointestinal
disorders using EA.

Terminology

IBS is a common gastrointestinal disorder characterized by chronic visceral
pain and bloating in association with altered bowel movements. EA, acupuncture needles are stimulated by electricity at various frequencies (1-100 Hz); this
method is developed from acupuncture, an ancient form of traditional Chinese
medicine. NLX methiodide, a selectively peripherally acting opioid receptor antagonist.

Peer review

This paper describes positive effects of EA on responses to bowel extension in
stressed rats. It is reported that EA diminished the number of pellets produced,
the subjectively scored abdominal reflexes and the power of the electromyography of the abdominal muscles in response to colon extension, in stressed rats
compared to control rats. Moreover, the effect of EA was antagonized by both
a central and peripheral acting opiate antagonist. The effects presented are
significant, and the antagonizing effect with NLX was convincing. The results
presented are important for clinicians and for the fundamental scientific community as well.

REFERENCES
1
2
3

4
5
6
7

COMMENTS
COMMENTS

8

Background

9

Irritable bowel syndrome (IBS) is a common gastrointestinal disorder characterized by chronic visceral pain and bloating in association with altered bowel
movements. Acupuncture is an ancient form of traditional Chinese medicine
that has been used to treat diseases. Recently, acupuncture needles are stimulated by electricity at various frequencies, which is termed electroacupuncture
(EA). However, the mechanism underlying EA-induced analgesia in visceral
pain remains unknown.

10
11

Research frontiers

12

The present study used EA to treat visceral hypersensitivity of rats which was

WJG|www.wjgnet.com

7210

Mayer EA, Gebhart GF. Basic and clinical aspects of visceral
hyperalgesia. Gastroenterology 1994; 107: 271-293
Bueno L, Fioramonti J, Delvaux M, Frexinos J. Mediators
and pharmacology of visceral sensitivity: from basic to
clinical investigations. Gastroenterology 1997; 112: 1714-1743
Al-Chaer ED, Kawasaki M, Pasricha PJ. A new model of
chronic visceral hypersensitivity in adult rats induced by
colon irritation during postnatal development. Gastroenterology 2000; 119: 1276-1285
Blackshaw LA, Gebhart GF. The pharmacology of gastrointestinal nociceptive pathways. Curr Opin Pharmacol 2002; 2:
642-649
Mayer EA, Bradesi S, Chang L, Spiegel BM, Bueller JA, Naliboff BD. Functional GI disorders: from animal models to
drug development. Gut 2008; 57: 384-404
Blackshaw LA, Brierley SM, Hughes PA. TRP channels:
new targets for visceral pain. Gut 2010; 59: 126-135
Ouyang H, Chen JD. Review article: therapeutic roles of
acupuncture in functional gastrointestinal disorders. Aliment Pharmacol Ther 2004; 20: 831-841
Takahashi T. Acupuncture for functional gastrointestinal
disorders. J Gastroenterol 2006; 41: 408-417
Schneider A, Streitberger K, Joos S. Acupuncture treatment
in gastrointestinal diseases: a systematic review. World J
Gastroenterol 2007; 13: 3417-3424
Chan J, Carr I, Mayberry JF. The role of acupuncture in the
treatment of irritable bowel syndrome: a pilot study. Hepatogastroenterology 1997; 44: 1328-1330
Fukazawa Y, Maeda T, Kishioka S. The pharmacological mechanisms of electroacupuncture. Curr Opin Investig
Drugs 2009; 10: 62-69
Xing J, Larive B, Mekhail N, Soffer E. Transcutaneous

December 28, 2012|Volume 18|Issue 48|

Zhou YY et al . Mechanism of electroacupuncture-mediated analgesia

13
14
15

16
17

18

19
20

21

22
23

24
25

26

27
28

29

electrical acustimulation can reduce visceral perception in
patients with the irritable bowel syndrome: a pilot study.
Altern Ther Health Med 2004; 10: 38-42
Xiao WB, Liu YL. Rectal hypersensitivity reduced by acupoint TENS in patients with diarrhea-predominant irritable
bowel syndrome: a pilot study. Dig Dis Sci 2004; 49: 312-319
Schneider A, Enck P, Streitberger K, Weiland C, Bagheri S,
Witte S, Friederich HC, Herzog W, Zipfel S. Acupuncture
treatment in irritable bowel syndrome. Gut 2006; 55: 649-654
Schneider A, Weiland C, Enck P, Joos S, Streitberger K, Maser-Gluth C, Zipfel S, Bagheri S, Herzog W, Friederich HC.
Neuroendocrinological effects of acupuncture treatment in
patients with irritable bowel syndrome. Complement Ther
Med 2007; 15: 255-263
Reynolds JA, Bland JM, MacPherson H. Acupuncture for
irritable bowel syndrome an exploratory randomised controlled trial. Acupunct Med 2008; 26: 8-16
Winston JH, Xu GY, Sarna SK. Adrenergic stimulation
mediates visceral hypersensitivity to colorectal distension
following heterotypic chronic stress. Gastroenterology 2010;
138: 294-304.e3
Winston J, Shenoy M, Medley D, Naniwadekar A, Pasricha
PJ. The vanilloid receptor initiates and maintains colonic
hypersensitivity induced by neonatal colon irritation in
rats. Gastroenterology 2007; 132: 615-627
Xu GY, Shenoy M, Winston JH, Mittal S, Pasricha PJ. P2X
receptor-mediated visceral hyperalgesia in a rat model of
chronic visceral hypersensitivity. Gut 2008; 57: 1230-1237
Iwa M, Matsushima M, Nakade Y, Pappas TN, Fujimiya
M, Takahashi T. Electroacupuncture at ST-36 accelerates
colonic motility and transit in freely moving conscious rats.
Am J Physiol Gastrointest Liver Physiol 2006; 290: G285-G292
Imai K, Ariga H, Chen C, Mantyh C, Pappas TN, Takahashi
T. Effects of electroacupuncture on gastric motility and
heart rate variability in conscious rats. Auton Neurosci 2008;
138: 91-98
Cui KM, Li WM, Gao X, Chung K, Chung JM, Wu GC.
Electro-acupuncture relieves chronic visceral hyperalgesia
in rats. Neurosci Lett 2005; 376: 20-23
Xu GY, Winston JH, Chen JD. Electroacupuncture attenuates visceral hyperalgesia and inhibits the enhanced excitability of colon specific sensory neurons in a rat model of
irritable bowel syndrome. Neurogastroenterol Motil 2009; 21:
1302-e125
Han JS. Acupuncture: neuropeptide release produced by
electrical stimulation of different frequencies. Trends Neurosci 2003; 26: 17-22
Sun S, Cao H, Han M, Li TT, Zhao ZQ, Zhang YQ. Evidence for suppression of electroacupuncture on spinal glial
activation and behavioral hypersensitivity in a rat model of
monoarthritis. Brain Res Bull 2008; 75: 83-93
Kim HN, Park JH, Kim SK, Sun B, Koo S, Choi SM, Bae H,
Min BI. Electroacupuncture potentiates the antiallodynic effect of intrathecal neostigmine in a rat model of neuropathic
pain. J Physiol Sci 2008; 58: 357-360
Koo ST, Park YI, Lim KS, Chung K, Chung JM. Acupuncture analgesia in a new rat model of ankle sprain pain. Pain
2002; 99: 423-431
Kim HY, Wang J, Lee I, Kim HK, Chung K, Chung JM.
Electroacupuncture suppresses capsaicin-induced secondary hyperalgesia through an endogenous spinal opioid
mechanism. Pain 2009; 145: 332-340
Kim SK, Park JH, Bae SJ, Kim JH, Hwang BG, Min BI, Park

30

31

32
33
34
35
36

37

38

39

40

41

42
43

44

45
46

DS, Na HS. Effects of electroacupuncture on cold allodynia
in a rat model of neuropathic pain: mediation by spinal
adrenergic and serotonergic receptors. Exp Neurol 2005; 195:
430-436
Iwa M, Strickland C, Nakade Y, Pappas TN, Takahashi
T. Electroacupuncture reduces rectal distension-induced
blood pressure changes in conscious dogs. Dig Dis Sci 2005;
50: 1264-1270
Rong PJ, Zhu B, Huang QF, Gao XY, Ben H, Li YH. Acupuncture inhibition on neuronal activity of spinal dorsal
horn induced by noxious colorectal distention in rat. World
J Gastroenterol 2005; 11: 1011-1017
Han JS, Terenius L. Neurochemical basis of acupuncture
analgesia. Annu Rev Pharmacol Toxicol 1982; 22: 193-220
Han JS. Acupuncture and endorphins. Neurosci Lett 2004;
361: 258-261
Zhao ZQ. Neural mechanism underlying acupuncture analgesia. Prog Neurobiol 2008; 85: 355-375
Lin JG, Chen WL. Acupuncture analgesia: a review of its
mechanisms of actions. Am J Chin Med 2008; 36: 635-645
Koo ST, Lim KS, Chung K, Ju H, Chung JM. Electroacupuncture-induced analgesia in a rat model of ankle sprain
pain is mediated by spinal alpha-adrenoceptors. Pain 2008;
135: 11-19
Kim JH, Kim HY, Chung K, Chung JM. Electroacupuncture
reduces the evoked responses of the spinal dorsal horn
neurons in ankle-sprained rats. J Neurophysiol 2011; 105:
2050-2057
Tian SL, Wang XY, Ding GH. Repeated electro-acupuncture
attenuates chronic visceral hypersensitivity and spinal cord
NMDA receptor phosphorylation in a rat irritable bowel
syndrome model. Life Sci 2008; 83: 356-363
Xu GY, Duanmu ZX, Yin QZ. [Reversal of the inhibitory
effect of electroacupuncture on the nociceptive response of
neurons in parafascicular nucleus by naloxone and atropine
in acute arthritic rats]. Shengli Xuebao 1994; 46: 427-434
Fu X, Wang YQ, Wang J, Yu J, Wu GC. Changes in expression of nociceptin/orphanin FQ and its receptor in
spinal dorsal horn during electroacupuncture treatment
for peripheral inflammatory pain in rats. Peptides 2007; 28:
1220-1228
Zhang RX, Li A, Liu B, Wang L, Xin J, Ren K, Qiao JT, Berman BM, Lao L. Electroacupuncture attenuates bone-cancer-induced hyperalgesia and inhibits spinal preprodynorphin expression in a rat model. Eur J Pain 2008; 12: 870-878
Taguchi T, Taguchi R. Effect of varying frequency and duration of electroacupuncture stimulation on carrageenaninduced hyperalgesia. Acupunct Med 2007; 25: 80-86
Zhang Y, Meng X, Li A, Xin J, Berman BM, Lao L, Tan M,
Ren K, Zhang RX. Acupuncture alleviates the affective dimension of pain in a rat model of inflammatory hyperalgesia. Neurochem Res 2011; 36: 2104-2110
Weber TP, Meissner A, Stypmann J, Hartlage MG, Van
Aken H, Rolf N. Naloxone improves splanchnic perfusion
in conscious dogs through effects on the central nervous
system. Anesthesiology 2002; 96: 438-441
Zhang GG, Yu C, Lee W, Lao L, Ren K, Berman BM. Involvement of peripheral opioid mechanisms in electroacupuncture analgesia. Explore (NY) 2005; 1: 365-371
Wang L, Zhang Y, Dai J, Yang J, Gang S. Electroacupuncture (EA) modulates the expression of NMDA receptors in
primary sensory neurons in relation to hyperalgesia in rats.
Brain Res 2006; 1120: 46-53
S- Editor Gou SX

WJG|www.wjgnet.com

7211

L- Editor Ma JY E- Editor Xiong L

December 28, 2012|Volume 18|Issue 48|

World J Gastroenterol 2012 December 28; 18(48): 7212-7224
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v18.i48.7212

© 2012 Baishideng. All rights reserved.

ORIGINAL ARTICLE

Comparative genomic study of gastric epithelial cells
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and by immunohistochemistry in H. pylori positive CG,
precancerous diseases, and GC biopsy specimens in an
independent experiment.
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RESULTS: GC-derived H. pylori strains induced a potent proliferative effect in GES-1 cells in co-culture,
whereas CG-derived strains did not. The most (from
a GC patient) and least (from a CG patient) virulent
strains were cagA -positive and negative, respectively.
At week 52, CG, atrophy, metaplasia, dysplasia, and
GC were observed in 90.0%, 80.0%, 80.0%, 90%,
and 60.0%, respectively, of the animals lavaged with
the most virulent strain. However, only mild CG was
observed in 90% of the animals lavaged with the least
virulent strain. On microarray analysis, 800 differentially
expressed genes (49 up- and 751 down-regulated), involving those associated with cell cycle regulation, cell
apoptosis, cytoskeleton, immune response, and substance and energy metabolisms, were identified in cells
co-cultured with the most virulent strain as compared
with those co-cultured with the least virulent strain.
The six most differentially expressed genes (with a betweenness centrality of 0.1-0.2) were identified among
the significant differential gene profile network, including JUN , KRAS , BRCA1 , SMAD2 , TRAF1 , and HDAC6 .
Quantitative real-time polymerase chain reaction analyses verified that HDAC6 and TRFA1 mRNA expressions
were significantly more up-regulated in GES-1 cells cocultured with the most virulent strain than in those cocultured with the least virulent strain. Immunohistochemistry of gastric mucosal specimens from H. pylori positive patients with CG, intestinal metaplasia (IM),
dysplasia, and GC showed that moderately positive
and strongly positive HDAC6 expression was detected
in 21.7% of CG patients, 30.0% of IM patients, 54.5%
of dysplasia patients, and 77.8% of GC patients (P <
0.001). The up-regulation of TRAF1 expressions was
detected in 34.8%, 53.3%, 72.7%, and 88.9% specimens of CG, IM, dysplasia, and GC, respectively (P <
0.001).

Abstract
AIM: To identify genes potentially involved in

Helicobacter pylori (H. pylori )-induced gastric carcinogenesis.

METHODS: GES-1 cells were co-cultured with H. pylori
strains isolated from patients with gastric carcinoma
(GC, n = 10) or chronic gastritis (CG, n = 10) for in
vitro proliferation and apoptosis assays to identify the
most and least virulent strains. These two strains were
cagA -genotyped and used for further in vivo carcinogenic virulence assays by infecting Mongolian gerbils
for 52 wk, respectively; a broth free of H. pylori was
lavaged as control. Genomic profiles of GES-1 cells cocultured with the most and least virulent strains were
determined by microarray analysis. The most differentially expressed genes were further verified using quantitative real-time polymerase chain reaction in GES-1
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fied in 10% of GC patients[11]. The canonical paradigm
of gastric carcinogenesis has been established for more
than two decades as a consecutive but dynamic progression of H. pylori infection, namely, CG, gastric atrophy
(GA), intestinal metaplasia (IM), dysplasia, and finally
GC[12]. Thus, H. pylori infection plays a leading role in the
pathogenesis of GC[13].
It is likely that H. pylori strains themselves are highly
variable in virulence to gastric mucosal epithelia, especially in terms of the carcinogenic effect. Genomic profiling
analyses have identified a wide range of genetic variations
among H. pylori strains isolated from patients with different gastric pathologies. Global gene expression profiles
also vary greatly in human gastric epithelial immortalized
cells infected with spiral vs coccoid H. pylori[14]. These
findings suggest that gastric epithelial cells tune in the
expression of their genes, especially those associated with
tumorigenesis, in response to specific H. pylori strains or
a specific virulent factor of the strain. In addition to the
core genes, strain-specific genes are thought to play an
essential role in H. pylori propagation and pathogenesis.
How gastric epithelial cells respond to H. pylori clinical
isolates derived from patients with different pathologies,
such as GC and CG specimens, at the genome-wide level
remains unknown. Therefore, this study was carried out
to identify genes potentially involved in H. pylori-induced
gastric carcinogenesis, by comparing the genomic profiles
between gastric epithelial cells co-cultured with H. pylori
strains isolated from patients with GC and those cocultured with strains from patients with CG.

CONCLUSION: The overexpression of HDAC6 and
TRAF1 in GES-1 cells co-cultured with the GC-derived
strain and in H. pylori -positive dysplasia and GC suggests
that HDAC6 and TRAF1 may be involved in H. pylori induced gastric carcinogenesis.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a pathogenic bacterium colonizing gastric mucosae, especially in the antrum. It has
been accepted to be the primary cause of upper gastrointestinal disorders, such as acute and chronic gastritis, peptic ulcer disease, and gastric cancer[1]. H. pylori infection is
common worldwide with a prevalence of approximately
50%, especially in Eastern Asian populations, and the infection is usually a life-long event[2]. However, over 80%
of H. pylori-infected individuals remain asymptomatic
for their whole lifetime despite the presence of chronic
gastric inflammation or chronic gastritis (CG), caused by
H. pylori infection[3]. The subsequent outcomes of persistent H. pylori infection are highly variable. Approximately,
10%-20% of H. pylori-infected individuals are subject
to peptic ulcer disease, including gastric and duodenal
ulcers[4]. Of note, individuals infected by H. pylori are at
a higher risk of gastric carcinoma (GC) (1%-2%) and
mucosa-associated lymphoid tissue (MALT) lymphoma (<
1%)[5]. Therefore, gastric cancer may well be an infectious
disease[6]. Additionally, it has been reported that H. pylori
infection is associated with esophageal diseases, such as
gastroesophageal reflux disease, Barrett’s esophagus, and
esophageal carcinoma, as well as extra-gastrointestinal
diseases, such as cardiovascular diseases, although controversies exist[7,8]. Such variation in clinicopathological
outcomes of H. pylori infection is believed to result from
the variations in the virulence of different strains, genetic
background of the host, and more importantly, the hostto-pathogen interactions.
It has been widely accepted that H. pylori is the major
cause of GC in most (65%-80%) patients[9]. Dietary risks,
such as nitrate- and nitrite-enriched smoked or salted
foods, are attributed to the in vivo biochemical activities
of H. pylori[10]. Genetic susceptibility has also been identi-
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MATERIALS AND METHODS
Patients and specimens
The study protocol was approved by the Institutional
Review Boards at the Third Xiangya Hospital of Central South University and Hunan Provincial Hospital,
respectively. All patients gave written informed consent
prior to the enrollment. A total of 350 outpatients who
underwent upper gastrointestinal endoscopy at the Department of Gastroenterology, the Third Xiangya Hospital of Central South University, and the Department
of Gastroenterology of Hunan Provincial Hospital were
consecutively enrolled. Gastric mucosal biopsy specimens
were obtained from 182 patients. Three gastric biopsy
specimens, 3-5 cm to the pylorus, were collected for the
rapid urease test and the histological examination. The
rapid urease test was performed using a rapid urease test
kit (Sanqiang Biotechnology, Sanming, China). Of the 182
patients, 113 patients were found positive for H. pylori infection as detected by the rapid urease test. The histological classification followed the updated Sydney system[15];
the most serious pathology was documented as the histological diagnosis of each patient with concomitant mucosal pathologies. Thus, 23 patients were histologically
diagnosed with CG, 30 with intestinal metaplasia (IM),
33 with dysplasia, and 27 with GC. In the present study,
gastric specimens from CG and GC patients were used
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real-time polymerase chain reaction: The DNA samples
were isolated using a bacterial DNA extraction kit (Boehringer Ingelheim GmbH, Ingelheim, Germany). Briefly, the
most and least virulent H. pylori strains were resuspended in
GTEL buffer and pre-incubated in TESK buffer at 55 ℃
for 2 h. The RNA contained in the H. pylori strains was
eliminated using 20-μg/mL RNase at 55 ℃ for 10 min.
The DNA samples were isolated using the phenol-chloroform-isopentanol (25:24:1) extraction technique. Genotyping for cagA was performed using the primers of the
following sequences (Sangon Biotech Co., Ltd., Shanghai,
China): sense, 5’-ATGGAAAATATCATACAACCCC-3’,
and antisense, 5’-CATCTTCTAAATGGGAAACGCC-3’; length, 268 bp. The thermal cycling condition
was as follows: pre-denatured at 96 ℃ for 1 min; denatured
at 94 ℃ for 1 min and annealed at 60 ℃ for 1 min, 35
cycles; and extended at 94 ℃ for 1 min. Polymerase chain
reaction (PCR) products were separated on 1% agarose
gels containing 0.5 g/mL ethidium bromide and visualized by ultraviolet transillumination. H. pylori strain NCTC
11639 (Institute of Digestive Disease, Shanghai, China)
was used as a positive control and H. pylori strain NCTC
12908 (Institute of Digestive Disease, Shanghai, China)
as a negative control.

for H. pylori isolation and subculture.
H. pylori isolation and subculture
Gastric mucosal specimens from patients with CG and
GC were ground into homogenates and inoculated onto
a Columbia agar plate (Sangong Biotech, Shanghai,
China) supplemented with 6% sheep blood. Plates were
incubated at a mixed atmosphere of 10% CO2, 5% O2,
and 85% N2, at 37 ℃ for 72 h. H. pylori colonies were validated by using colony identification, Gram staining, light
microscopy, and urease test (Fujian Sanqiang Biochemical
Co. Ltd., Sanming, China) prior to further use. Subculture
of H. pylori was performed as described above. Twenty
H. pylori strains were isolated from 10 CG and 10 GC patients, and used for further experiments.
Identification of the most and least virulent strains
isolated from CG and GC specimens
GES-1 cell culture and co-culture with H. pylori : GES-1
cell line, a human gastric epithelium immortalized cell
line, was purchased from Ai-yan Biotechnology Co.,
Ltd., Shanghai, China. GES-1 cells were cultured in highglucose Dulbecco’s modified Eagle’s medium (Invitrogen, Carlsbad, CA) containing 10% fetal bovine serum
(Invitrogen, Carlsbad, CA), at 37 ℃ and in a humidified
atmosphere of 5% CO2. GES-1 cells at the exponential
growth phase were harvested and seeded onto 96-well
plates, at a density of 5 × 103 cells per well. H. pylori
strains were resuspended in phosphate buffer solution
(PBS) at a density of 3.0 × 108 cfu/mL using a spectrophotometer (Eppendorf, Hamburg, Germany). Following
the cell cycle synchronization with 2% serum starvation,
GES-1 cells were co-cultured with H. pylori strains in
GES-1 cell culture media at a cell/bacterium ratio of 5:1,
1:1, 1:50, and 1:200, respectively. The number of bacteria
was examined using a spectrometer, whilst that of cells
was determined using TC10 automated cell counter (BioRad Laboratories, Philadelphia, PA). A mono-culture
of GES-1 cells in the absence of H. pylori was used as a
control. The number of GES-1 cells was fixed among
co-cultures as well as mono-culture. The experiments
were performed in duplicate and repeated in triplicate independently.

Cell apoptosis analysis with flow cytometry: Following 12, 24, and 48 h of co-culture, GES-1 cells were
collected, washed in chilled PBS, and fixed in 70% prechilled (-20 ℃) ethanol at 4 ℃ for 18 h, and resuspended
at a density of 1 × 106/mL. Fixed GES-1 cells were
washed in PBS three times and stained with propidium
iodide (Sigma, St Louis, MO) for 30 min prior to the
analysis using an EPICS ® ALTRA™ flow cytometer
(Beckman Coulter, Inc., Brea, CA). The experiments were
performed in duplicate and repeated in triplicate independently.
The H. pylori strain that exhibited the most significant cell proliferative effect on MTT assay over 24 h of
co-culture (36.8% increase) was harvested from a GC
specimen and deemed as the most virulent strain, while
a strain from a CG specimen that exhibited the least
significant cell proliferative effect on MTT assay over 24
h of co-culture (15.0% increase) was deemed the least
virulent.

3-(4,5-dimethylthiazol-2)-2,5-diphenyltetrazolium
bromide cell proliferation assay: Following 12 h, 24
h, and 48 h of co-culture, 20 μL 3-(4,5-dimethylthiazol2)-2,5-diphenyltetrazolium bromide (MTT) solution
(Sangong Biotech, Shanghai, China) was added into the
culture medium for a further 4-h incubation at 37 ℃
prior to the supplementation of 150 μL dimethyl sulfoxide (Invitrogen, Carlsbad, CA). The optical density at the
wavelength of 490 nm (A490 nm) was determined using an
ELISA microplate reader (Bio-Tek, Winooski, VT). The
experiments were performed in duplicate and repeated in
triplicate independently.

In vivo carcinogenicity assay in Mongolian gerbils
The two representative strains, the most and the least
virulent, were subsequently used to establish a H. pylori
infection animal model[16]. The animal care and use complied with the regulations established and approved by the
Animal Research Committee at Central South University.
Seven-week-old specific-pathogen-free male Mongolian
gerbils (n = 30) were purchased from the Laboratory Animal Center, Zhejiang Provincial Institute of Medical Sciences, Hangzhou, China. Gerbils were housed in an environment constantly maintained at a temperature of 25 ℃,
a relative humidity of 55%, and a 12 h/12 h light/dark
cycle. Animals had no access to rodent chow for 12 h and

Identification of cagA gene in H. pylori strains with
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Table 1 Primer pairs for quantitative real-time polymerase chain reaction
Gene
HDAC6
TARF1
GAPDH

Primer Sequence (5’ to 3’)

Size of PCR product (bp)

Sense

Anti-sense

ACCGCTACGAGCAGGGTA
TCCCGTAACACCTGATTAA
AACGGATTTGGTCGTATTGGG

CGAGACGTGCAGGAAAGC
ACAACTCCCAAACCATACAC
TCGCTCCTGGAAGATGGTGAT

155
146
216

PCR: Polymerase chain reaction.

drinking water for 4 h prior to the pretreatment with 0.3
mL 50% ethanol lavage per animal. H. pylori strains were
cultured for three days using the aforementioned protocol, and resuspended in 7.5% (w/v) heat-inactivated brain
heart infusion broth (Sangong Biotech, Shanghai, China)
at a density of 1.0 × 109 cfu/mL using a spectrophotometer (Eppendorf). Fasted animals were lavaged with 0.5-mL
suspension of the most or least virulent H. pylori strain (n
= 10 for each strain) per animal three times, at a 12 h interval. Ten animals that were lavaged with the broth alone
using the same protocol served as the control. Animals
were allowed to resume oral intake two hours following
the last lavage. Animals were sacrificed by cervical dislocation 4, 16, 28, 40 and 52 wk (n = 2 at each time point)
following the lavage with H. pylori suspensions or broth.
Fresh gastric mucosal specimens were collected from the
gastric antrum and body for the rapid urease test, and the
duplicate specimens were fixed in 4% paraformaldehyde
for histological examination using hematoxylin and eosin
staining.

0.5 (down-regulated) was defined to be a differentially
expressed gene when co-cultured GES-1 cells were compared with control cells, or when cells co-cultured with
the most virulent strain were compared with those cocultured with the least virulent strain.
Validation of potential carcinogenesis-associated genes
among the most differentially expressed genes
Quantitative real-time polymerase chain reaction in
GES cells: Two carcinogenesis-associated genes that encode histone deacetylase 6 (HDAC6) and tumor necrosis
factor receptor-associated factor 1 (TRAF1)[17,18] were
among the most differentially expressed genes. Due to
their unknown roles in the pathogenesis of GC, the transcriptions of HDAC6 and TRAF1 were evaluated using
quantitative real-time polymerase chain reaction (qRTPCR). Primer pairs for qRT-PCR were listed in Table 1.
GAPDH, as an internal control, was co-amplified with
the specific genes. Briefly, total cellular RNA was extracted from GES cells infected with the most and least virulent strains as well as uninfected GES cells, and reversely
transcribed into cDNA by M-MLV reverse transcriptase
and random hexamer primer (Invitrogen, Carlsbard, CA).
The cDNAs were amplified by 30 PCR cycles of denaturation at 94 ℃ for 30 s, annealing at 53 ℃ for 45 s, and
extension at 72 ℃ for 30 s. As a final step, the extension
was at 72 ℃ for 1 min. PCR products were separated on
1% agarose gels containing 0.5 g/mL ethidium bromide
and visualized by ultraviolet transillumination. SYBR
qPCR Mix (Invitrogen, Carlsbard, CA) was used to monitor DNA synthesis. The experiments were performed in
duplicate and repeated in triplicate independently.

Determination of the differentially expressed genes
between GES-1 cells co-cultured with the most and least
virulent strains
Total RNA extraction: The two representative H. pylori
strains were co-cultured with GES-1 cells for 24 h, respectively, at a cell/bacterium ratio of 1:50, the optimal
ratio for H. pylori-induced cell proliferation as determined
in MTT assay. Mono-cultured GES-1 cells were used as a
control. Total cellular RNA was extracted from infected
and non-infected cells using Qiagen RNeasy Mini kit (Invitrogen, Carlsbard, CA) for further microarray analysis
and quantitative real-time (qRT)-PCR verification. RNA
concentration and purity were determined using an ultraviolet spectrometer (Eppendorf). Denaturing agarose gel
electrophoresis was performed to validate the integrity
of RNA samples. The experiments were performed in
duplicate and repeated in triplicate independently.

Immunohistochemistry in gastric biopsy specimens:
In an independent experiment, H. pylori-positive gastric
mucosal specimens from the 113 patients were used for
immunohistochemistry (IHC) to verify the expression
of HDAC6 and TRAF1 in different gastric pathologies.
Briefly, goat-anti-HDAC6 (1:100; Santa Cruz Biotechnology, Inc., Heidelberg, Germany) and rabbit-anti-TRAF1
(1:100; BIOSS, Beijing, China) were used as primary antibodies. Conjugated biotin was identified by using horseradish peroxide-labeled streptavidin (1:200; Santa Cruz
Biotechnology, Inc.) and visualized by using 3,3’-diaminobenzidine (1:200; Santa Cruz Biotechnology, Inc.). Overall, at least 200 cells in ten randomly selected fields were
counted, and the percentages of positive cells against
the total counted cells were calculated for each specimen. The IHC staining intensity was semiquantitatively

Oligonucleotide microarray: The GeneChip Human
Genome U133 Plus 2.0 Array (Affymetrix, Santa Clara,
CA, United States), containing 48  000 transcript probes,
was used to assess the global gene expression of GES
cells in response to H. pylori infection. Microarray analysis was performed as instructed by the manufacturer.
Chip scanning and data analysis were processed using
Affymetrix Microarray Suit Software 5.0 to identify significant differential gene expression profiles. A gene with
a signal ratio of more than 2.0 (up-regulated) or less than
WJG|www.wjgnet.com
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Figure 1 GES-1 cell proliferation as determined by 3-(4,5-dimethylthiazol-2)-2,5-diphenyltetrazolium bromide assay (A) and cell apoptosis as determined
by flow cytometry (B) after co-culture with helicobacter pylori isolated from patients with gastric carcinoma (GC, n = 10) or chronic gastritis (CG, n = 10)
for 48 h in relation to control cells. The ratio denotes the ratio of GES-1 cells vs Helicobacter pylori cells. aP < 0.05 vs control group; cP < 0.05 vs CG group. OD:
Optical density.

determined as negative (positive cells < 10%), moderately
positive (10%-50%), and strongly positive (> 50%). The
experiments were performed in duplicate and repeated in
triplicate independently.

strains had a significantly higher proliferation rate relative
to those with CG-derived H. pylori strains and control cells.
In contrast, CG-derived H. pylori co-culture at a ratio of 5:1,
1:1, and 1:50 had no significant impact on cell proliferation
over time. Of note, the co-culture at a higher concentration (1:200) H. pylori isolated from either GC or CG compromised the proliferation capability of GES-1 cells.

Statistical analysis
SPSS ver. 13.0 (SPSS Inc., Chicago, IL) was used for the
statistical analysis. All numerical data were expressed as
mean ± SD, and compared by using the Student’s t-test
or analysis of variance, when appropriate. All categorical data were expressed as percentage and compared by
using the χ 2-test or Fisher’s exact probability test, when
appropriate. A P value of less than 0.05 was considered
statistically significant.

GC- and CG-derived H. pylori strains induced
comparable apoptosis in GES-1 cells
Flow cytometry analysis showed that the apoptosis rate
increased over time in cells co-cultured with H. pylori and
non-infected cells (Figure 1B). In comparison with the
control cells, GES-1 cells co-cultured with GC- or CGderived H. pylori strains had a significantly increased apoptotic rate at 24 and 48 h at the ratios of 1:50, and at all time
points at the ratio of 1:200. However, there was no significant difference in the increase of apoptotic rate between
GES-1 cells co-cultured with GC-derived H. pylori strains
and those co-cultured with CG-derived H. pylori strains.

RESULTS
GC-derived H. pylori strains induced potent proliferation
in GES-1 cells
As shown in Figure 1A, GES-1 cells exhibited an overall
cell proliferative response over time to the co-culture with
H. pylori isolated from GC. A low-concentration (5:1) GCderived H. pylori infection in vitro had minimal effect on
GES-1 cell proliferation. At a cell/H. pylori ratio of 1:1 or
1:50, GES-1 cells co-cultured with GC-derived H. pylori
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The most virulent GC-derived H. pylori strain induced
gastric mucosal carcinogenesis in the animal model
The most virulent strain, which was derived from a GC
patient, and the least virulent strain, which was derived
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A

B

C

D

stance and energy metabolisms, were identified in cells
co-cultured with the most virulent strain compared with
those co-cultured with the least virulent strain (Table 3).
Six most differentially expressed genes (with a betweenness centrality of 0.1-0.2) were identified among the significant differential gene profile network, including JUN,
KRAS, BRCA1, SMAD2, TRAF1, and HDAC6 (Table 4).

E

Up-regulated expressions of HDAC6 and TRAF1 in
GES-1 cells co-cultured with the most vs least virulent
H. pylori strains
qRT-PCR analyses verified significant up-regulations of
HDAC6 and TRFA1 mRNA expression in GES-1 cells
co-cultured with the most virulent strain or least virulent
H. pylori strain, compared with the control cells (Figure
5A). Furthermore, HDAC6 and TRFA1 mRNA expressions were more significantly up-regulated in GES-1 cells
co-cultured with the most virulent strain than in those
co-cultured with the least virulent strain (Figure 5B).

268 bp

Figure 2 Identification of status of cagA gene in Helicobacter pylori
strains using real-time polymerase chain reaction. A: DNA ladder; B: Helicobacter pylori (H. pylori) stain NCTC 11639 (positive control); C: The most
virulent gastric carcinoma-derived strain; D: The least virulent chronic gastritisderived strain; E: H. pylori stain NCTC 12908 (negative control).

from a CG patient, were genotyped to be cagA positive
and cagA negative, respectively (Figure 2). H. pylori rapid
urease testing was found positive in 60.0% (6/10), 70.0%
(7/10), and 0.0% (0/10) of the animals lavaged with the
most virulent strain, least virulent strain, and control lixivium, respectively. No animals, except one in the group
infected with most virulent strain that died at week 3,
accidentally died during the experiment. H. pylori infection was present in all animals lavaged with H. pylori, but
in none of the control animals, as shown by histological
examination. The animals lavaged with the most virulent
strain were more prone to precancerous diseases and gastric carcinoma than those lavaged with the least virulent
strain and control lixivium. At week 52, CG, atrophy,
metaplasia, dysplasia, and GC were observed in 90.0%
(9/10), 80.0% (8/10), 80.0% (8/10), 90% (9/10), and
60.0% (6/10), respectively, of the animals lavaged with
the most virulent strain (Table 2). Precancerous lesions
including gastric atrophy, intestinal metaplasia, and dysplasia were observed from the 4th week, and gastric cancer occurred as early as at week 28 (Figure 3A, Table 2).
However, only mild CG was observed in 90% (9/10) of
the animals lavaged with the least virulent strain (Figure
3B, Table 2). In addition, gastric ulceration was observed
in 50.0% (5/10) and 40.0% (4/10), respectively, in the
two groups. The gastric mucosa was within normal limits in all control animals at any time points (Figure 3C,
Table 2).

Progressive over-expression of HDAC6 and TRAF1
in CG, precancerous disease, and GC specimens on
immunohistochemistry
The histology and immunohistochemistry of gastric
mucosal specimens from H. pylori-positive patients with
CG (Figure 6A, E and I), IM (Figure 6B, F and J), dysplasia (Figure 6C, G and K), and GC (Figure 6D, H and
L) showed that moderately positive and strongly positive
HDAC6 expression were detected in 5 (21.7%) of 23 CG
patients, 10 (30.0%) of 33 IM patients, 18 (54.5%) of
33 dysplasia patients, and 21 (77.8%) of 27 GC patients
(P < 0.001). Furthermore, the positive rate of HDAC6
expression was significantly higher in dysplasia and GC,
compared to that in CG (P = 0.014; P < 0.001) and in IM
(P = 0.049; P < 0.001). However, there was no difference
in the positive rate between CG and IM, and between
dysplasia and GC. Similarly, the up-regulation of TRAF1
expressions was detected in 8/23 (34.8%), 16/33 (53.3%),
24/33 (72.7%), and 24/27 (88.9%) specimens of CG,
IM, dysplasia, and GC, respectively (P < 0.001). The positive rate of TRAF1 expression was significantly greater
in dysplasia and GC vs CG (P = 0.005; P < 0.001) and in
GC vs IM (P = 0.003), whereas there was no difference
between CG and IM and between dysplasia and GC.

DISCUSSION
Gastric carcinogenesis is a pathological process of cell cycle
disorder and uncontrolled growth resulting from multiple
aberrant gene alterations in response to extrinsic stimulus
like H. pylori infection. The dysregulation of the balance
between cell proliferation and apoptosis plays a pivotal
role in this pathogenesis[19]. The proliferation rate of
epithelial cells that are co-cultured with H. pylori isolated
from gastric mucosal biopsy specimens is shown to be
two-fold higher than that of the normal control. H. pylori
eradication can reverse the proliferative effect on gastric
mucosal epithelia though[20]. Moreover, both H. pylori

Microarray analysis identified significant differential
gene expression profiles in GES-1 cells co-cultured with
the most versus least virulent H. pylori strains
Microarray analysis identified 2834 and 314 differentially
expressed genes in GES-1 cells co-cultured with most or
least virulent H. pylori strain, respectively, compared with
non-infected cells (Figure 4). Furthermore, 800 differentially expressed genes (49 up- and 751 down-regulated),
involving those associated with cell cycle regulation, cell
apoptosis, cytoskeleton, immune response, and sub-
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Table 2 Pathological outcomes of gastric mucosae from Mongolian gerbils lavaged with the most virulent gastric carcinomaderived strain, the least virulent chronic gastritis-derived strain, and the control broth over 52 wk
Pathological outcomes
Chronic gastritis
b

GC (n = 10)
CG (n = 10)
Control (n = 10)
b

Gastric atrophy
b,d

9 (90.0%)
9 (90.0%)b
0 (0.0%)

8 (80.0%)
0 (0.0%)
0 (0.0%)

Intestinal metaplasia

Gastric dysplasia

b,d

b,d

8 (80.0%)
0 (0.0%)
0 (0.0%)

9 (90.0%)
0 (0.0%)
0 (0.0%)

Gastric carcinoma
6 (60.0%)b,d
0 (0.0%)
0 (0.0%)

P < 0.01 vs control group; dP < 0.01 vs CG group. GC: Gastric carcinoma; CG: Chronic gastritis.

A

B

C

Figure 3 Representative histological microphotographs (hematoxylin and eosin staining, 200 ×, scale bar = 100 μm) of gastric mucosal specimens collected from Mongolian gerbils lavaged with the GC-derived Helicobacter pylori strain (A: gastric carcinoma), the CG-derived strain (B: chronic gastritis),
and the control lixivium (C) at the 28th week.
2-2

1-1

note, GC-derived H. pylori strains produced a more potent proliferative effect on GES-1 cells than CG-derived
H. pylori strains, which is consistent with the findings of
Yu et al[24]. Moreover, both GC- and CG- H. pylori strains
had a mild and comparable effect on apoptosis of GES-1
cells in a concentration-dependent but not strain-specific
manner as shown by flow cytometry. These findings suggest that H. pylori strain-specific virulence may not be associated with gastric epithelial apoptosis, at least in vitro.
H. pylori strains isolated from humans are capable of
colonizing the gastric mucosa of Mongolian gerbils[16,25].
Additionally, Hirayama et al[26] reported that H. pyloriinfected Mongolian gerbils exhibited a gastric mucosal
pathology similar to human H. pylori infection. In the
present study, infection with the most virulent GCderived H. pylori strain in Mongolian gerbils resulted in
a series of mucosal pathologies that manifest as chronic
inflammation, atrophy, intestinal metaplasia, or dysplasia
more frequently than did the infection with the CG-derived strain over 52 wk. Moreover, GC developed as early
as 28 wk following the infection with the GC-derived
strain. This observation may be of significant clinical implications. First, previous studies have reported that the
time to develop GC is approximately 62 wk[24] or even 72
wk after infection[27]. We assume that less virulent or less
carcinogenic strains may have been used in the previous
studies, and we propose that more carcinogenic strains
should be used in animal experiments related to H. pyloriinduced carcinogenesis and prevention of H. pylori-induced
GC. Second and more importantly, it is suggested that the
H. pylori strains that exhibit a potent epithelial prolifera-

3-2

-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00

Figure 4 Cluster analysis of gene expression profiles in GES-1 cells in response to the most and least virulent Helicobacter pylori strains. The red,
green, and black colors indicate up-regulated, down-regulated, and equivalent
expression. 1-1: Uninfected GES-1 cells (control); 2-2: GES-1 cells co-cultured
with the GC-derived strain; 3-2: GES-1 cells co-cultured with the CG-derived
strain. GC: Gastric carcinoma; CG: Chronic gastritis.

intracellular extracts and secretions are found to directly
stimulate epithelial growth. Our results indicate that the
effects of H. pylori co-culture on GES-1 cell proliferation are H. pylori concentration dependent, preferably at
a cell/H. pylori ratio of 1:50; however, the presence of
high-concentration H. pylori suppresses GES-1 growth
instead. The antiproliferative effect of high-concentration
H. pylori has been reported in multiple cell lines. This
inhibitive effect is associated with the production of massive cytotoxic factors, which cause DNA damage, induce
cell apoptosis, increase the synthesis of induced nitric
oxide synthase, and upregulate p53 expression[21-23]. Of
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SAMD9
0.345
TPR
0.346
TPR
0.344
LCORL
0.339
TPR
0.300
Cell signal and transduction
PRKCB
0.498
DST
0.493
FARP1
0.462
GMFB
0.461
PPM1A
0.454
IFT81
0.444
PDE10A
0.442
ICK
0.428
ANKRD10
0.419
IFT80
0.414
SNX2
0.406
CNTLN
0.386
MAP2K6
0.384
ANKRD32
0.355
ARHGAP18
0.307
Protein translation, synthesis, decomposition
RHOBTB3
0.500
ST13
0.490
EEF2K
0.488
TSHZ2
0.476
TMF1
0.417
HMMR
0.410
CCDC88A
0.387
NSBP1
0.321
Protein-coding gene
CXorf39
0.499
LOC286052
0.478
FLJ40113/LOC440295
0.411
LOC100133781
0.374
LOC100130360
0.346
LOC643401
0.300
Ion channel and transport
IFT74
0.496
SLC5A3
0.493
SLC2A13
0.489
STEAP4
0.488
TMEM56
0.469
EXOC5
0.466
CACNB2
0.465
SLC2A13
0.455
TMEM133
0.435
DMXL2
0.405
SNX13
0.401
SEC62
0.397
ATP11C
0.382
TMEM106B
0.380
PEG10
0.367
SORBS2
0.222
Cell proliferation, angiogenesis
ANGPTL4
2.460
TPR
0.492
TPR
0.492
PNN
0.487
PNN
0.428
ROCK2
0.404
TTK
0.347
Immune-related genes
CFI
0.477
SERPINB4
0.431
PIBF1
0.423
Metabolize-related genes
AK7
0.477
TTC3
0.471
HS2ST1
0.438
MANEA
0.427

Table 3 Differentially expressed genes with a fold change of
> 2.0 or < 0.5 in GES-1 cells co-cultured with the most
virulent gastric carcinoma-derived strain vs the least virulent
chronic gastritis-derived strain
Gene name (n = 185)

Fold change GC/CG

Cell cycle related genes
AMN1
4.748
HDAC6
2.025
CCNE2
0.464
KIF20B
0.462
DOCK8
0.456
ASPM
0.452
CENPF
0.450
NIPBL
0.432
SYCP2
0.424
ASPM
0.414
SGOL2
0.401
CENPE
0.398
CEP70
0.382
SGOL2
0.375
DOCK11
0.363
SERPINB3
0.290
Apoptosis-related genes
TRAF1
2.254
TIA1
0.496
OPA1
0.474
PIK3CA
0.450
NUDT12
0.408
PEG10
0.367
Cytoskeleton and sports
ADD3
0.450
KIAA0774
0.429
KIF14
0.379
KIF14
0.370
ADD3
0.344
ADD3
0.316
Intracellular transport
VPS13A
0.435
VPS13A
0.438
IFT74
0.431
GOLGA4
0.425
ANKRD10
0.419
IFT80
0.414
FAM8A1
0.412
SNX2
0.406
ANKRD32
0.355
DNA synthesis, repair, recombination
RAD50
0.472
SFPQ
0.457
FAM8A1
0.412
LIN9
0.338
DNA-binding ,transcription, transcription factor
ZNF253
5.254
KLF11
3.598
SMARCA1
0.496
GOLGB1
0.492
KLF9
0.462
CHD1
0.459
PBX1
0.455
TRIP11
0.434
SMARCA1
0.433
C8orf83
0.433
EPM2AIP1
0.430
ELL2
0.420
GLCCI1
0.400
ARID5B
0.395
ZNF644
0.390
BAZ2B
0.365
SAMD9
0.352
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Accession number
BG031897
NM_006044
AF112857
NM_016195
AL161725
AK001380
U30872
NM_015384
NM_014258
NM_018123
N31731
NM_001813
NM_024491
AW965339
AI742838
BC005224
NM_005658
AL567227
AB011139
NM_006218
AL136592
BE858180
AI818488
AI818409
AW183154
NM_014875
BE545756
NM_019903
AW629014
AW629014
NM_025103
NM_002078
BE670056
AB037795
NM_016255
NM_003100
AL136560
NM_005732
AV705803
NM_016255
BF697734
NM_021047
AA149594
NM_003069
NM_004487
NM_001206
NM_001270
AL049381
AF007217
NM_003069
BE962119
BF432224
AI745624
AA058770
BG285011
NM_016620
NM_013450
AA741307

7219

NM_017654
BF110993
AK023111
AI807408
AW235355
M13975
NM_001723
BF725250
NM_004124
AA886888
NM_014055
AI143879
NM_014920
BE670056
AB037795
NM_003100
AA280904
NM_002758
AL136560
BE644830
NM_014899
U17714
W68180
AW953679
AI767750
U29343
AB033038
BC005342
AI590719
AA278233
AI632181
AA973100
BG231554
BC039509
AI610355
AK024896
AL565362
NM_024636
AI004375
BF509391
AI040163
NM_052885
AF247167
AB020663
R75838
NM_153039
BF475862
BF513060
BE858180
AI659533
NM_016109
NM_003292
NM_003292
U59479
U59479
AL049383
NM_003318
NM_000204
AB046400
NM_006346
NM_152327
AI652848
NM_012262
AI587307
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PLA2G12A
TTC3
PPP1CB
NUDT12
TTC3
TTC3
RNF150
SEPP1
CRYZ
PDK4
ABAT
PLA2G12A
AGXT2L1
CYP1B1t
METTL7A
Cell structure-related genes
ARMCX3
ANK3
Cell Adhesion-related genes
KITLG
PIK3CA
ANKRD10
ANKRD32
Stress-related genes
DNAJB4
LXN
DNAJB4
Protein regulation
LOC727770
TBC1D8B
Cell differentiation
LIFR
RNA processing
SR140
Protein receptor
LANCL1
Oxidation
DIO2
Cell growth-related genes
ITCH
TGFBR3
TGFBR3
Cytokine receptor
LTB

0.416
0.413
0.407
0.408
0.403
0.403
0.398
0.396
0.387
0.374
0.359
0.331
0.326
0.314
0.274

AV714268
D83077
W67887
AL136592
NM_003316
AI885338
AA722069
NM_005410
NM_001889
AV707102
AF237813
AI767751
NM_031279
NM_000104
NM_014033

0.385
0.225

AL121883
NM_020987

0.447
0.450
0.419
0.355

AI446414
NM_006218
BE670056
AL136560

0.400
0.294
0.471

BG252490
NM_020169
NM_007034

0.426
0.368

AI359676
AW172431

0.374

AA701657

0.413

AU152088

0.412

NM_006055

0.434

AI038059

0.441
0.450
0.422

AA868238
AW193698
NM_003243

2.001

NM_002341

Table 4 Most differentially expressed genes in GES-1 cells
co-cultured with the most virulent gastric carcinoma-derived
strain vs the least virulent chronic gastritis-derived strain
Betweenness
centrality

Description

JUN

0.201780

Jun oncogene

KRAS

0.185944

BRCA1

0.162070

SMAD2

0.121460

TRAF1

0.092496

HDAC6

0.092239

Identified or proposed
function

Cell growth and/or
maintenance, signal
transduction molecules,
and transcription factors
v-Ki-ras2 Kirsten
Regulation of cell cycle,
rat sarcoma viral
cell growth and/or
oncogene homolog
maintenance
Breast cancer 1, early DNA damage checkpoint;
onset
p53/ATM signaling, and
induction of apoptosis
SMAD family
Transcription factors
member 2
Tumor necrosis factor DNA damage checkpoint,
receptor-associated
p53/NF-KB signaling,
factor 1
and cell cycle control
Histone deacetylase 6 Cell proliferation and
tumor angiogenesis

with H. pylori CagA, and cause marked p53 suppression
of apoptosis. Sohn et al[29] suggested that the intracellularly
translocated CagA may be involved in epithelial mesenchymal transition. However, the present study, for the first
time, reports that the expression of HDAC6 and TRAF1 is
up-regulated in gastric mucosal cells upon co-culture with
GC-derived, cagA-positive H. pylori strain, and the expressions of these two proteins are progressively up-regulated
in CG, intestinal metaplasia, dysplasia, and GC. Furthermore, such response seems to be strain-specific for many
genes as the number of differentially expressed genes in
cells co-cultivated with the GC-derived strain is 9-fold
that in those co-cultured with the CG-derived strain. These
significant differentially expressed genes involve genes that
are known to be associated with tumorigenesis, among
which HDAC6 and TRAF1 are the most prominent ones.
The upregulation of HDAC6 and TRAF1 expressions in
response to the GC-derived H. pylori-strain and in relation
to H. pylori infection in patients with GC was verified by
qRT-PCR in GES-1 cells in vitro and by immunohistochemistry in gastric specimens taken from patients with
different gastric pathologies. To our best knowledge, this
is the first study to identify the overexpression of HDAC6
and TRAF1 in H. pylori-associated GC, and to suggest a
potential role of these genes in H. pylori-induced gastric
carcinogenesis.
Histone is an important component of eukaryotic
chromatin. Acetylation and deacetylation of histone are
essential for the regulation and modification of gene
expression[30]. A newly-discovered mechanism of carcinogenesis is that HDAC family proteins aberrantly binding
to a specific promoter region may cause cryptic transcription and inhibit normal gene transcription, initiating
the malignant transformation[31]. HDAC6 functions to
modulate gene expression by removing the acetyl group
from histones, which contributes to oncogenic cell trans-

tive effect are highly virulent and carcinogenic, and that
individuals infected with these strains are at high risk for
the development of GC and should receive appropriate
H. pylori eradication therapy.
Human whole-genome microarray analysis identifies a
large number of significant differentially expressed genes in
GES-1 cells co-cultured with H. pylori strains vs non-infected
control cells, which clearly indicates that H. pylori activates
and inactivates a series of gene transcription of GES-1 cells
in vitro. Our transcriptional profiling results were generally
consistent with the previous reports. Liu et al[14] reported
that H. pylori infection induced the up-regulated expression of multiple chemokines and chemokine receptors,
such as IL-8 and CCL5, as well as of apoptosis-related
genes, such as GADD45A. Eftang et al[28] reported that
interleukin-8 was the single most up-regulated gene in
whole genome profiling of H. pylori exposed gastric epithelial cells. MAPK and NF-κB cellular pathways were
also powerfully activated; the marked up-regulation of
TP53BP2 corresponding to ASPP2 protein may interact
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formation[32]. Aoyagi et al[33] reported that HDAC6 could
directly regulate HSP90 expression via deacetylation. The
targeted inhibition of HDAC6 reduces the deacetylation
of HSP90 but increases the acetylation simultaneously,
destroying HSP90 chaperones and resulting in molecular function failure. HDAC6 synergizes with HDAC10
to regulate vascular endothelial growth factor receptors
through heat shock protein mediation as well[34]. HDAC6
has been found to be implicated in multiple malignancies,
such as esophageal cancer, lung cancer, breast cancer, and
oral squamous cell carcinoma[35,36]. Zhang et al[35] reported
that high-HDAC6-expressing premenopausal breast cancer patients exhibited a favorable tumor-free survival and
a sensitive response to endocrine therapy. HDAC is also
thought to be associated with breast cancer metastasis as
it de-acylates microtubules, whereas the combined use of
estrogen antagonist and paclitaxel significantly suppresses
the de-acylation of microtubules[37,38]. In the present
study, the expression of HDAC6 mRNA was highly upregulated in GES-1 cells co-cultured with the GC-derived
H. pylori strain compared with those co-cultured with the
CG-derived strain and uninfected control cells. It is likely
that H. pylori infection activates HDAC6 to dysregulate
the synthesis of histones in gastric epithelial cells[39].
However, further investigation is required to elucidate
the exact mechanisms of H. pylori infection and the functional roles of H. pylori-activated HDAC6 overexpression
in gastric carcinoma.
TRAF is a new member of the tumor necrosis factor
(TNF) family[40]. Seven TRAF isoforms have been reported to interact directly with cell-surface receptors and
regulate cell survival/death balance[41]. TRAF1 activates
NF-κB to gradually initiate immortalization and tumorigenesis in GC[42]. Sughra et al[43] reported that TRAF1
functions primarily to up-regulate the transcription of
IKKβ, an inhibitor of NF-κB and to enhance the activity
of IKKβ as well. Therefore, TRAF1 activates and interacts with NF-κB simultaneously. The overexpression of
TRAF1 has been identified in nasopharyngeal carcinoma
and lymphoma[44,45]. The variation in TRAF1 expression
is associated with the occurrence, metastasis, and induction of chemotherapy resistance of malignant tumors[46].
Similar to HDAC6, TRAF1 is verified by qRT-PCR to
be up-regulated in GES-1 cells co-cultured with H. pylori
strains, especially the GC-derived strain in the present
study. Again, how H. pylori infection up-regulates TRAF1
expression and what downstream genes are activated
and/or deactivated by H. pylori-induced TRAF1 overexpression require further investigation.
The roles of HDAC6 and TRAF1 in H. pylori-associated GC remain to be elucidated although their expression
is significantly up-regulated in epithelial cells stimulated
with GC-derived cagA positive H. pylori strain. Our GC
animal model experiment showed that the proliferative
effect in vitro of GC-derived cagA positive H. pylori strain
can contribute to the carcinogenesis of gastric mucosa
in vivo. However, the up-regulated expression of HDAC6
and TRAF1 may not be causative of proliferative or carcinogenic effect of the GC-derived H. pylori strain as no

a

b

2.00E-03

1.00E-03

0.00E+00

b

HDAC6

b,d

TARF1

Figure 5 Verification of HDAC6 and TRAF1 up-regulation in GES-1 cells
in response to the most and least virulent Helicobacter pylori strains as
determined by quantitative real-time polymerase chain reaction analysis.
A: Representative quantitation of mRNA expression of GAPDH, HDAC6 and
TRAF1 in GES-1 cells (a), GES-1 cells co-cultured with the CG-derived Helicobacter pylori (H. pylori) strain (b) and GES-1 cells co-cultured with the GCderived H. pylori strain (c); B: Graphic analysis showing mRNA expression of
HDAC6 and TRAF1 expressions in GES-1 cells in GES-1 cells, GES-1 cells cocultured with the CG-derived H. pylori strain and GES-1 cells co-cultured with
the GC-derived H. pylori strain. bP < 0.01 vs the control; dP < 0.01 vs cells cocultured with the CG-derived H. pylori strain.
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Figure 6 Histology and immunohistochemistry (400 ×, scale bar = 50 μm) of HDAC6 and TRAF1 in gastric specimens of patients with chronic gastritis (CG,
n = 23), intestinal metaplasia (IM, n = 30), dysplasia (n = 33), and gastric carcinoma (GC, n = 27).

“loss-of-function” or “gain-of-function” experiment has
been performed to elaborate the pathogenetic effect of
HDAC6 and TRAF1 in GC. Moreover, we were unable
to follow up GC patients in subsequent treatment period
as they were referred to various general surgeons among
multiple institutions at the patients’ own will. Therefore,
the clinicopathological values of HDAC6 and TRAF1
are yet to be investigated, which are expected to be clinically useful for the prediction of prognosis and treatment resistance.
In conclusion, GC-derived H. pylori strains induce a
more potent proliferative but comparable apoptotic effect in GES-1 cells as compared to CG-derived strains.
HDAC6 and TRAF1 are identified to be up-regulated
in GES-1 cells co-cultured with the GC-derived strain,
which are further verified in vivo. These findings indicate
that these two genes may be involved in H. pylori induced
gastric carcinogenesis, although their exact roles require
further investigation.

disorders, such as acute and chronic gastritis, peptic ulcer disease, and gastric
cancer. However, the subsequent outcomes of persistent H. pylori infection are
highly variable. Such variation in clinicopathological outcomes of H. pylori infection is believed to result from the variations in the virulence of different strains,
genetic background of the host, and more importantly, the host-to-pathogen
interactions. How gastric epithelial cells respond to H. pylori clinical isolates derived from patients with different pathologies, such as chronic gastritis (CG) and
gastric cancer (GC) specimens, at the genome-wide level remains unknown.
Therefore, this study was carried out to identify genes potentially involved in
H. pylori-induced gastric carcinogenesis, by comparing the genomic profiles
between gastric epithelial cells co-cultured with H. pylori strains isolated from
patients with GC and those co-cultured with strains from patients with CG.
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Applications

The roles of HDAC6 and TRAF1 in H. pylori-associated GC remain to be
elucidated although their expression is significantly up-regulated in epithelial
cells stimulated with GC-derived cagA positive H. pylori strain. These findings
indicate that these two genes may be involved in H. pylori induced gastric carcinogenesis, although their exact roles require further investigation.
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lines in apoptotic property. They identified 800 differentially expressed genes,
and from six most differentially expressed genes, they selected TRAF1 and
HDAC6. The authors examined HDAC1 and TRAF1 expression at the mRNA
level in GES-1 cells co-cultured with the H. pylori strains above, and confirmed
that these expressions were up-regulated in these cell lines. They also examined the expressions of these molecules immunohistochemically in surgically
resected or biopsied specimens. These works are laborious and are considered
to be scientifically of significant value.

19
20

21
22

REFERENCES
1
2
3
4
5
6
7

8
9
10

11
12
13
14

15

16

23

Makola D, Peura DA, Crowe SE. Helicobacter pylori infection and related gastrointestinal diseases. J Clin Gastroenterol
2007; 41: 548-558
Hongo M, Nagasaki Y, Shoji T. Epidemiology of esophageal
cancer: Orient to Occident. Effects of chronology, geography
and ethnicity. J Gastroenterol Hepatol 2009; 24: 729-735
Cave DR. Chronic gastritis and Helicobacter pylori. Semin
Gastrointest Dis 2001; 12: 196-202
Lai LH, Sung JJ. Helicobacter pylori and benign upper digestive disease. Best Pract Res Clin Gastroenterol 2007; 21: 261-279
Guindi M. Role of Helicobacter pylori in the pathogenesis of
gastric carcinoma and progression of lymphoid nodules to
lymphoma. Can J Gastroenterol 1999; 13: 224-227
Piazuelo MB, Epplein M, Correa P. Gastric cancer: an infectious disease. Infect Dis Clin North Am 2010; 24: 853-69, vii
Fujimori T, Kawamata H, Ichikawa K, Ono Y, Okura Y,
Tomita S, Imura J. Pathological issues of gastric and lower
esophageal cancer: helicobacter pylori infection and its eradication. J Gastroenterol 2002; 37 Suppl 13: 28-33
Leontiadis GI, Sharma VK, Howden CW. Non-gastrointestinal tract associations of Helicobacter pylori infection. Arch
Intern Med 1999; 159: 925-940
Hatakeyama M. Helicobacter pylori and gastric carcinogenesis. J Gastroenterol 2009; 44: 239-248
Chen CN, Hsieh FJ, Cheng YM, Chang KJ, Lee PH. Expression of inducible nitric oxide synthase and cyclooxygenase-2
in angiogenesis and clinical outcome of human gastric cancer. J Surg Oncol 2006; 94: 226-233
Robertson EV, Jankowski JA. Genetics of gastroesophageal
cancer: paradigms, paradoxes, and prognostic utility. Am J
Gastroenterol 2008; 103: 443-449
Smith MG, Hold GL, Tahara E, El-Omar EM. Cellular and
molecular aspects of gastric cancer. World J Gastroenterol
2006; 12: 2979-2990
McNamara D, El-Omar E. Helicobacter pylori infection
and the pathogenesis of gastric cancer: a paradigm for hostbacterial interactions. Dig Liver Dis 2008; 40: 504-509
Liu ZF, Chen CY, Tang W, Zhang JY, Gong YQ, Jia JH. Geneexpression profiles in gastric epithelial cells stimulated with
spiral and coccoid Helicobacter pylori. J Med Microbiol 2006;
55: 1009-1015
Dixon MF, Genta RM, Yardley JH, Correa P. Classification and grading of gastritis. The updated Sydney System.
International Workshop on the Histopathology of Gastritis,
Houston 1994. Am J Surg Pathol 1996; 20: 1161-1181
Watanabe T, Tada M, Nagai H, Sasaki S, Nakao M. Helico-

WJG|www.wjgnet.com

24
25

26

27
28

29

30
31
32

33
34

35

7223

bacter pylori infection induces gastric cancer in mongolian
gerbils. Gastroenterology 1998; 115: 642-648
Park SY, Jun JA, Jeong KJ, Heo HJ, Sohn JS, Lee HY, Park
CG, Kang J. Histone deacetylases 1, 6 and 8 are critical for
invasion in breast cancer. Oncol Rep 2011; 25: 1677-1681
Wang X, Wang Q, Hu W, Evers BM. Regulation of phorbol
ester-mediated TRAF1 induction in human colon cancer cells
through a PKC/RAF/ERK/NF-kappaB-dependent pathway. Oncogene 2004; 23: 1885-1895
Maeda S, Mentis AF. Pathogenesis of Helicobacter pylori
infection. Helicobacter 2007; 12 Suppl 1: 10-14
Hoshi T, Sasano H, Kato K, Ohara S, Shimosegawa T, Toyota
T, Nagura H. Cell damage and proliferation in human gastric mucosa infected by Helicobacter pylori--a comparison
before and after H pylori eradication in non-atrophic gastritis. Hum Pathol 1999; 30: 1412-1417
Obst B, Wagner S, Sewing KF, Beil W. Helicobacter pylori
causes DNA damage in gastric epithelial cells. Carcinogenesis
2000; 21: 1111-1115
Perfetto B, Buommino E, Canozo N, Paoletti I, Corrado F,
Greco R, Donnarumma G. Interferon-gamma cooperates
with Helicobacter pylori to induce iNOS-related apoptosis
in AGS gastric adenocarcinoma cells. Res Microbiol 2004; 155:
259-266
Ito K, Yamaoka Y, Yoffe B, Graham DY. Disturbance of
apoptosis and DNA synthesis by Helicobacter pylori infection of hepatocytes. Dig Dis Sci 2008; 53: 2532-2540
Yu XW, Xu Y, Gong YH, Qian X, Yuan Y. Helicobacter pylori
induces malignant transformation of gastric epithelial cells
in vitro. APMIS 2011; 119: 187-197
Wirth HP, Beins MH, Yang M, Tham KT, Blaser MJ. Experimental infection of Mongolian gerbils with wild-type and
mutant Helicobacter pylori strains. Infect Immun 1998; 66:
4856-4866
Hirayama F, Takagi S, Kusuhara H, Iwao E, Yokoyama Y,
Ikeda Y. Induction of gastric ulcer and intestinal metaplasia
in mongolian gerbils infected with Helicobacter pylori. J Gastroenterol 1996; 31: 755-757
Honda S, Fujioka T, Tokieda M, Satoh R, Nishizono A, Nasu
M. Development of Helicobacter pylori-induced gastric carcinoma in Mongolian gerbils. Cancer Res 1998; 58: 4255-4259
Eftang LL, Esbensen Y, Tannæs TM, Bukholm IR, Bukholm
G. Interleukin-8 is the single most up-regulated gene in
whole genome profiling of H. pylori exposed gastric epithelial cells. BMC Microbiol 2012; 12: 9
Sohn SH, Lee YC. The genome-wide expression profile of
gastric epithelial cells infected by naturally occurring cagA
isogenic strains of Helicobacter pylori. Environ Toxicol Pharmacol 2011; 32: 382-389
Mottet D, Castronovo V. Histone deacetylases: anti-angiogenic targets in cancer therapy. Curr Cancer Drug Targets
2010; 10: 898-913
Voelter-Mahlknecht S, Mahlknecht U. Cloning and structural characterization of the human histone deacetylase 6
gene. Int J Mol Med 2003; 12: 87-93
Lee YS, Lim KH, Guo X, Kawaguchi Y, Gao Y, Barrientos T,
Ordentlich P, Wang XF, Counter CM, Yao TP. The cytoplasmic deacetylase HDAC6 is required for efficient oncogenic
tumorigenesis. Cancer Res 2008; 68: 7561-7569
Aoyagi S, Archer TK. Modulating molecular chaperone
Hsp90 functions through reversible acetylation. Trends Cell
Biol 2005; 15: 565-567
Park JH, Kim SH, Choi MC, Lee J, Oh DY, Im SA, Bang YJ,
Kim TY. Class II histone deacetylases play pivotal roles in
heat shock protein 90-mediated proteasomal degradation of
vascular endothelial growth factor receptors. Biochem Biophys
Res Commun 2008; 368: 318-322
Zhang Z, Yamashita H, Toyama T, Sugiura H, Omoto Y,
Ando Y, Mita K, Hamaguchi M, Hayashi S, Iwase H. HDAC6
expression is correlated with better survival in breast cancer.

December 28, 2012|Volume 18|Issue 48|

Wang F et al . Genomic profiling of gastric epithelial cells induced by H. pylori

36
37
38

39

40
41

Clin Cancer Res 2004; 10: 6962-6968
Sakuma T, Uzawa K, Onda T, Shiiba M, Yokoe H, Shibahara
T, Tanzawa H. Aberrant expression of histone deacetylase 6
in oral squamous cell carcinoma. Int J Oncol 2006; 29: 117-124
Hubbert C, Guardiola A, Shao R, Kawaguchi Y, Ito A, Nixon
A, Yoshida M, Wang XF, Yao TP. HDAC6 is a microtubuleassociated deacetylase. Nature 2002; 417: 455-458
Saji S, Kawakami M, Hayashi S, Yoshida N, Hirose M, Horiguchi S, Itoh A, Funata N, Schreiber SL, Yoshida M, Toi M.
Significance of HDAC6 regulation via estrogen signaling
for cell motility and prognosis in estrogen receptor-positive
breast cancer. Oncogene 2005; 24: 4531-4539
Yoshida N, Omoto Y, Inoue A, Eguchi H, Kobayashi Y, Kurosumi M, Saji S, Suemasu K, Okazaki T, Nakachi K, Fujita
T, Hayashi S. Prediction of prognosis of estrogen receptorpositive breast cancer with combination of selected estrogenregulated genes. Cancer Sci 2004; 95: 496-502
Wang Y, Zhang P, Liu Y, Cheng G. TRAF-mediated regulation of immune and inflammatory responses. Sci China Life
Sci 2010; 53: 159-168
Chung JY, Park YC, Ye H, Wu H. All TRAFs are not created
equal: common and distinct molecular mechanisms of TRAFmediated signal transduction. J Cell Sci 2002; 115: 679-688

42

43

44

45

46

Wu CY, Wang CJ, Tseng CC, Chen HP, Wu MS, Lin JT, Inoue H, Chen GH. Helicobacter pylori promote gastric cancer
cells invasion through a NF-kappaB and COX-2-mediated
pathway. World J Gastroenterol 2005; 11: 3197-3203
Sughra K, Birbach A, de Martin R, Schmid JA. Interaction of
the TNFR-receptor associated factor TRAF1 with I-kappa B
kinase-2 and TRAF2 indicates a regulatory function for NFkappa B signaling. PLoS One 2010; 5: e12683
Wang C, Ai M, Ren W, Xiao H, Li X, Tang F, Gu H, Yi W,
Weng X, Deng X, Cao Y. Epstein-Barr virus encoded latent
membrane protein 1 induces TRAF1 expression to promote
anti-apoptosis activity via NF-kappaB signaling pathway
in nasopharyngeal carcinoma. Chin Med J (Engl) 2003; 116:
1022-1028
Guo F, Sun A, Wang W, He J, Hou J, Zhou P, Chen Z. TRAF1
is involved in the classical NF-kappaB activation and CD30induced alternative activity in Hodgkin’s lymphoma cells.
Mol Immunol 2009; 46: 2441-2448
Zapata JM, Krajewska M, Krajewski S, Kitada S, Welsh K,
Monks A, McCloskey N, Gordon J, Kipps TJ, Gascoyne RD,
Shabaik A, Reed JC. TNFR-associated factor family protein
expression in normal tissues and lymphoid malignancies. J
Immunol 2000; 165: 5084-5096
S- Editor Lv S L- Editor A E- Editor Zhang DN

WJG|www.wjgnet.com

7224

December 28, 2012|Volume 18|Issue 48|

World J Gastroenterol 2012 December 28; 18(48): 7225-7233
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v18.i48.7225

© 2012 Baishideng. All rights reserved.

ORIGINAL ARTICLE

Magnetic resonance-based total liver volume and magnetic
resonance-diffusion weighted imaging for staging liver
fibrosis in mini-pigs
Hang Li, Tian-Wu Chen, Xiao-Li Chen, Xiao-Ming Zhang, Zhen-Lin Li, Nan-Lin Zeng, Li Zhou, Li-Ying Wang,
Hong-Jie Tang, Chun-Ping Li, Li Li, Xian-Yong Xie
METHODS: Sixteen experimental mature mini-pigs
(6 males, 10 females), weighing between 20.0 and
24.0 kg were prospectively used to model liver fibrosis
induced by intraperitoneal injection of 40% CCl4 dissolved in fat emulsion twice a week for 16 wk, and by
feeding 40% CCl4 mixed with maize flour twice daily
for the subsequent 5 wk. All the survival animals underwent percutaneous liver biopsy and DWI using b =
2
300, 500 and 800 s/mm followed by abdominal gadolinium-enhanced MRI at the 0, 5th, 9th, 16th and 21st
weekend after beginning of the modeling. TLV was
obtained on enhanced MRI, and apparent diffusion
coefficient (ADC) was obtained on DWI. Hepatic tissue
specimens were stained with hematoxylin and Masson’
s trichrome staining for staging liver fibrosis. Pathological specimens were scored using the human METAVIR
classification system. Statistical analyses were performed to determine whether and how the TLV and
ADC could be used to predict the stage of liver fibrosis.
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RESULTS: TLV increased from stage 0 to 2 and decreased from stage 3 (r = 0.211; P < 0.001). There
was a difference in TLV between stage 0-1 and 2-4
(P = 0.03) whereas no difference between stage 0-2
and 3-4 (P = 0.71). TLV could predict stage ≥ 2 [area
under receiver operating characteristic curve (AUC)
= 0.682]. There was a decrease in ADC values with
increasing stage of fibrosis for b = 300, 500 and 800
2
s/mm (r = -0.418, -0.535 and -0.622, respectively;
all P < 0.001). Differences were found between stage
0-1 and 2-4 in ADC values for b = 300, 500 and 800
2
s/mm , and between stage 0-2 and 3-4 for b = 500 or
2
800 s/mm (all P < 0.05). For predicting stage ≥ 2 and
≥ 3, AUC was 0.803 and 0.847 for b = 500 s/mm2,
2
and 0.848 and 0.887 for b = 800 s/mm , respectively.

Abstract
AIM: To determine whether and how magnetic resonance imaging (MRI)-based total liver volume (TLV)
and diffusion weighted imaging (DWI) could predict
liver fibrosis.

WJG|www.wjgnet.com

CONCLUSION: ADC for b = 500 or 800 s/mm2 could
2
be better than TLV and ADC for b = 300 s/mm to pre-
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and determine whether and how TLV and DWI could
predict the stage of liver fibrosis.

dict fibrosis stage ≥ 2 or ≥ 3.
© 2012 Baishideng. All rights reserved.

MATERIALS AND METHODS

Key words: Magnetic resonance imaging; Total liver
volume; Liver fibrosis; Apparent diffusion coefficient;
Stage

Animal model
Animals were used in full compliance with the National
Council of Animal Care guidelines. The protocol was
approved by the Committee of the Ethics of Animal
Experiments of our institute.
Sixteen experimental mature mini-pigs (6 males, 10
females), weighing between 20.0 and 24.0 kg, were used
in our study. Previous studies have established a standardized experimental model of liver cirrhosis in swine using
CCl4 and ethanol[15]. According to the above-mentioned
modeling method, liver fibrosis was induced by intraperitoneal injection of 40% CCl4 dissolved in fat emulsion (0.25
mL/kg body weight) twice a week for 16 wk, and by feeding 40% CCl4 mixed with maize flour (0.75 mL/kg body
weight) twice daily for the subsequent 5 wk because of
the peritoneal adhesions resulting from the intraperitoneal
injection. To minimize the chemical peritonitis involving
liver, we chose the left hypogastrium as the intraperitoneal
injection position and the injections were stopped two
days before each MR examination. In addition, because
the administration of alcohol in conjunction with CCl4 results in more stable and accelerated liver fibrogenesis in a
large animal model, we used 5% alcohol-water mixture as
the sole drinking water, and maize flour was taken as the
staple food in the 21 wk[16].

Peer reviewer: JY Wang, Reprint Author, Vet Adm Med Ctr,

Dept Surg, 10 N Greene St, Baltimore, MD 21201, United States
Li H, Chen TW, Chen XL, Zhang XM, Li ZL, Zeng NL, Zhou L,
Wang LY, Tang HJ, Li CP, Li L, Xie XY. Magnetic resonancebased total liver volume and magnetic resonance-diffusion
weighted imaging for staging liver fibrosis in mini-pigs. World J
Gastroenterol 2012; 18(48): 7225-7233 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v18/i48/7225.htm DOI:
http://dx.doi.org/10.3748/wjg.v18.i48.7225

INTRODUCTION
Liver fibrosis can be prevented or reversed at early stage
by antifibrotic treatment or by eliminating the cause[1,2].
If liver fibrosis could not be prevented at early stage, it
would lead to end-stage liver diseases[3]. Therefore, accurately staging liver fibrosis is important in choosing
appropriate therapy to improve the prognosis of this
disease. Percutaneous liver biopsy is currently considered
a gold standard for assessing stage of fibrosis, but this
invasive method is limited by inter- and intra-observer
variability and sampling error[4,5]. To overcome the limitations of liver biopsy, noninvasive, reproducible and
reliable methods are greatly needed. Transient elastography or FibroTest (Bio-Predictive) have been proposed
for the diagnosis of liver fibrosis, but their use in clinical
practice is being investigated[6].
Diffusion-weighted imaging (DWI), a type of functional magnetic resonance (MR) technique, has been developed to characterize diseased tissues. This technique
allows measurement of the combined effects of microcirculation of blood (perfusion) and molecular brownian
motion of water within liver parenchyma, expressed as a
whole by apparent diffusion coefficient (ADC)[7]. Previous studies have shown that ADC values of the liver are
lower in patients with cirrhosis compared with control
subjects, which is thought to reflect a restriction of the
motion of water molecules in fibrotic tissues[8,9]. Nevertheless, ADC values obtained in the previous experiences for studying liver fibrosis widely varied because of the
employed settings of so-called b-values[8,10]. In addition, a
previous study also reported that total liver volume (TLV)
would change with the progress of liver fibrosis[11]. To
our knowledge, there have been no data focusing on the
correlation of liver ADC value obtained by different b
values with the stage of liver fibrosis, and the correlation
between magnetic resonance imaging (MRI)-based TLV
and stage of liver fibrosis[11-14]. Thus, the purpose of this
study was to prospectively investigate these correlations

WJG|www.wjgnet.com

MRI technique
On the 0, 5th, 9th, 16th and 21st weekend after the beginning of modeling fibrosis, all mini-pigs were given
general anesthesia with an injection of ketamine (15
mL/kg weight) and diazepam (0.8 mg/kg per hour)
through the ear vein before the MR examination. The
anterior surface of the thorax and abdomen of the animals were shaved to obtain good contact between the
skin and the cardiac electrodes or respiratory triggering.
We also used a belt around the abdomen to reduce the
effect of respiratory motion.
The mini-pigs were examined on a 1.5 T whole body
MR scanner (Signa Excite; GE Medical Systems, Milwaukee, WI). When the cardiac and respiratory signals
were satisfied, each animal was positioned supinely in an
8-channel phased array body coil. After the pilot scan
with axial, coronal, and sagittal images for localization,
the MR protocols including SPGR T1-weighted imaging (T1WI), fast recovery fast spin echo (FRFSE) T2weighted imaging (T2WI), and single-shot echo-planar
imaging (EPI) DWI were performed. The parameters
for DWI were as follows: TR = 4000 ms, TE = 49.2
ms, field of view (FOV) = 34 × 34 cm, slice thickness
= 5.0 mm, slice space = 2.0 mm, matrix of 192 × 256
mm, number of excitation = 2, b values of 0-300, 0-500
and 0-800 s/mm2, and tridirectional diffusion gradients.
After DWI acquisition, 20 mL gadodiamide (Magnevist,
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Figure 1 Magnetic resonance images. A-C: In a mini-pig with liver fibrosis stage 2, diffusion weighted images of the liver are obtained with b values of 300, 500 and
800 s/mm2, respectively; D-F: Corresponding apparent diffusion coefficient maps. Three regions of interest are carefully drawn on the right lobes of the liver for each b
values; G: A manual tracing of the liver is shown on an axial contrast-enhanced magnetic resonance imaging, and the outline shows the liver areas (S).

Bayer Healthcare, Germany) was intravenously injected
(0.2 mmol/L per kg body weight) with a pressure injector
(Spectris MR Injection System; Medrad, Inc, Warrendale,
PA) at a dose of 3 mL/s followed by a 20-mL saline solution flush for contrast-enhanced three-dimensional liver
acquisition with volume acceleration (3D LAVA). The parameters for 3D LAVA were: TR = 3.9 ms, TE = 1.8 ms,
FOV = 34 × 34 cm, slice thickness = 5.0 mm, and matrix
256 × 224 mm.

placed three circular regions of interest (ROIs) each with
approximately 1-2 cm in diameter in the consecutive
three maximal slices of the right lobe of the liver (3 ROIs
per slice, 9 ROIs per mini-pig) for each b value (Figure
1A-C), avoiding areas of artifact, diaphragm and intrahepatic vasculature. The ADC value of each ROI as well as
the ADC map (Figure 1D-F) was automatically generated. The ADC values of the three ROIs in each slice were
then averaged to give an estimate of ADC value for this
slice. Representative ADC values of the three slices were
then averaged to obtain a final estimate of the liver ADC
value to be used for data analysis.
In addition, TLV measurements were performed employing planimetry in all animals by the above-mentioned
radiologist. Initially, liver profile was manually traced on
each transverse image using a trackball. The software automatically calculated the number of pixels enclosed by

MR image analysis
The original MRI data were directly interfaced and forwarded to the workstation (GE, AW4.1, Sun Microsystems, Palo Alto, CA, United States) to obtain ADC maps
at each b values. An experienced radiologist (the first
author with 3 years of experience in thoracoabdominal
radiology) who was blinded to the pathologic results

WJG|www.wjgnet.com
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of the stages across the three thin slices.
Hepatic tissue specimens obtained by biopsy and
laparotomy were stained with hematoxylin and eosin (H
and E) and Masson’s trichrome staining for pathologic
examination. Because the morphology and histology of
experimental mini-pig liver are similar to that of human
liver[15], two experienced hepatopathologists (the 11th
and 12th authors with 10 and 36 years of experience
in hepatopathology, respectively) scored pathological
specimens using the human METAVIR classification
system[19]. Any discrepancies between the two observers
were settled by consensus. This scoring system has a fivepoint scale: stage 0, no fibrosis; stage 1, portal fibrosis;
stage 2, periportal fibrosis (Figure 2); stage 3, septal fibrosis; and stage 4, cirrhosis. Additionally, we considered the
weekend on which liver fibrosis was initially confirmed
by pathologic examination as that the fibrosis occurred
during the follow-up.

Figure 2 Photomicrograph (original magnification, ×400; Masson’s trichrome stains) of histologic sections from liver biopsy specimens in a
mini-pig with stage 2 liver fibrosis shows liver periportal fibrosis.

the traced liver contours on each image, and provided the
cross-sectional area of the liver on a slice-by-slice basis.
The sum of the above areas multiplied by the section
thickness provided the TLV (Figure 1G)[17].

Statistical analysis
All statistical analyses were carried out with SPSS (version 17.0, SPSS, Chicago IL, United States). A P < 0.05
was considered to represent a significant difference. The
interobserver agreement for the two pathologists with regard to the fibrosis stage, or for the percutaneous biopsy
and the laparotomy was expressed by means of k statistics. When k values were 0-0.40, 0.41-0.60, 0.61-0.80, and
0.81-1.00, the concordance was considered as poor, moderate, good, and excellent agreement, respectively. The
TLV and ADC values were of skewness. Spearman’s rank
correlation analyses were used to assess the correlation
between TLV and fibrosis stage, or between the ADC
values and fibrosis stage. TLV or ADC values were compared between patients stratified by fibrosis stages using
Mann-Whitney tests together with Bonferroni correction
for multiple comparisons. The cutoff value of TLV or
ADC values were then determined with receiver-operating
characteristic (ROC) analysis for predicting moderate liver
fibrosis (stage ≥ 2) and advanced liver fibrosis (stage ≥ 3).

Reproducibility studies
To test the interobserver variability of TLV and ADC
values measurement, we randomly chose the MR data
of all animals on the 9th weekend for the repeated MR
measurements, which were performed two weeks after
the first measurement by an experienced radiological
professor (the corresponding author with 14 years of
experience in abdominal radiology). The precision of the
two measurements on the 9th weekend was determined
as the coefficient of variance (CV) on the basis of the
formula: CV (%) = (s/X) × 100, where s is the SD, and
X is the mean of TLV or ADC values. The resultant
precision was expressed as an average %CV. When %CV
was less than 10%, interobserver variability of TLV and
ADC values measurements were regarded as small, and
the results were reliable.
Histopathology
After the MR examination in each mini-pig, an 18-gauge
ultrasound-guided core percutaneous biopsy was performed in the right liver lobe because the biopsy in
the right lobe of the liver was used as the standard for
staging liver fibrosis[18]. When the mini-pigs died during
the follow-up period before the 21st weekend, the dead
mini-pigs underwent immediate laparotomy, and the entire liver was resected. When the mini-pigs were living on
the 21st weekend, 1/3 animals were randomly sacrificed
by air injection into the auricular vein shortly after the
last percutaneous biopsy and underwent the laparotomy,
and the entire liver was also resected. Subsequently, three
thin slices were randomly cut from any lobe of the liver
and diced into the usual tissue block of about 2 mm
thickness for further staging liver fibrosis to confirm the
stage of the fibrosis determined by percutaneous biopsy
immediately prior to death. Furthermore, the final fibrosis stage of resected liver was determined by the average

WJG|www.wjgnet.com

RESULTS
Animal model and histopathologic findings
During the follow-up period, one, two and four animals
died between week 5 and 9, between week 9 and 16, and
between week 16 and 21, respectively. On the 0, 5th, 9th,
16th and 21st weekend, mean body weight of the survived animals was 22 ± 1.31 kg, 24.1 ± 2.41 kg, 24 ± 2.45
kg, 25.3 ± 2.81 kg, and 23.5 ± 1.78 kg, respectively. There
was no significant difference in body weight between any
two weekends during the follow-up period (all P > 0.05),
mini-pigs treated with CCl4 did not put on weight during
the whole progress of experiment. In addition, there was
good agreement between fibrosis stages determined by
the percutaneous biopsy and by the laparotomy (k, 0.80;
95%CI, 0.75-0.84). Therefore, according to the human
METAVIR classification system, survived mini-pigs with
liver fibrosis at different stages confirmed on the follow-
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Figure 3 Box plots. A-D: Total liver volume (TLV), and apparent diffusion coefficient (ADC) values of the liver for b = 300 s/mm2, 500 s/mm2 and 800 s/mm2 corresponding to fibrosis stages, respectively. In A, symbols a and b indicate extreme outliers of TLV in stage 2 and 3, respectively; and symbol c in C and symbol d in D
indicate extreme outliers of ADC for b = 500 s/mm2 in stage 4 and for b = 800 s/mm2 in stage 3, respectively. Horizontal bars represent medians of TLV or ADC.

was used as the final results.

Table 1 Mini-pigs with liver fibrosis at different stages confirmed on the follow-up weekends (n )
Weekend

S0

S1

S2

S3

S4

0 (16)
5 (16)
9 (15)
16 (13)
21 (9)

16
31
0
0
0

0
8
3
11
11

0
5
7
1
11

0
0
5
7
1

0
0
0
4
6

TLV corresponding to stages of liver fibrosis
TLV corresponding to stage of liver fibrosis is shown in
Table 2. TLV tended to increase from stage 0 to 2, but
decrease from stage 3 (Figure 3A) (r = 0.211, P < 0.001).
Furthermore, significant difference could be found between stage 0 and 2 (P < 0.001) while TLV could not
differentiate other individual stages of fibrosis (all P >
0.05). Additionally, there was significant difference between stage 0-1 and 2-4 (P = 0.03), whereas there was no
difference between stage 0-2 and 3-4 (P = 0.71).

1

The liver fibrosis at this stage in the mini-pigs is similar to this disease at
the immediately preceding stage during the follow-up. S0, S1, S2, S3 and
S4 represent stage 0, stage 1, stage 2, stage 3 and stage 4, respectively.

ADC values corresponding to stage of liver fibrosis
ADC values corresponding to stage of liver fibrosis are
illustrated in Table 2. There was a decrease in liver ADC
values with the increasing degree of fibrosis for b = 300,
500 and 800 s/mm 2 (Figure 3B-D, respectively) (r =
-0.418, -0.535 and -0.622, respectively; P < 0.001). ADC
values could differentiate fibrosis stage between stage 0
and 2 for b = 300 s/mm2; between stage 0 and 4 for b =
300, 500 and 800 s/mm2; between stage 1 and 4, stage

up weekends are illustrated in Table 1.
Interobserver variability of TLV and ADC measurements
In all animals on the 9th weekend, CV was 8.2% (range,
2.7%-15.6%) for TLV. CV was 9.2% (range, 5.2%-17.3%),
8.4% (range, 5.3%-15.5%) and 7.6% (range, 4.5%-13.2%)
for ADC values with b = 300, 500 and 800 s/mm2, respectively. Therefore, interobserver variability of TLV
and ADC values were small, and the first measurement
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Table 2 Total liver volume and apparent diffusion coefficient values corresponding to the stage of liver fibrosis
-3

Fibrosis stage (n )
0 (16)
1 (11)
2 (13)
3 (13)
4 (10)
Grouped stages
0-1 (27)
0-2 (40)
2-4 (36)
3-4 (23)

2

ADC value (× 10 mm /s), mean (SD), 95%CI
2

3

TLV (cm ), mean (SD), 95%CI

b = 500 s/mm2

b = 800 s/mm2

1.96 (0.19), 1.83-2.09
1.81 (0.19), 1.69-1.93
1.69 (0.17)1, 1.57-1.81
1.78 (0.21), 1.64-1.91
1.58 (0.17)1, 1.44-1.73

1.67 (0.21), 1.53-1.81
1.66 (0.23), 1.51-1.81
1.52 (0.17), 1.40-1.64
1.39 (0.13)2, 1.30-1.47
1.35 (0.15)2, 1.23-1.48

1.39 (0.15), 1.29-1.50
1.37 (0.11), 1.30-1.44
1.29 (0.11), 1.22-1.37
1.18 (0.15)2, 1.09-1.28
1.15 (0.12)3, 1.05-1.25

641.08 (99.22), 574.42-707.74
671.62 (106.12), 600.33-742.91
776.57 (156.91)1, 655.95-897.18
745.04 (155.51), 625.51-864.58
672.03 (145.33), 560.32-783.75

1.88 (0.20), 1.79-1.97
1.82 (0.21), 1.75-1.90
1.69 (0.19)4, 1.62-1.77
1.70 (0.21), 1.60-1.80

1.66 (0.22), 1.57-1.76
1.62 (0.21), 1.54-1.70
1.42 (0.16)4, 1.36-1.48
1.37 (0.14)5, 1.31-1.44

1.38 (0.13), 1.32-1.44
1.35 (0.13), 1.31-1.40
1.21 (0.14)4, 1.16-1.26
1.17 (0.13)5, 1.10-1.23

656.35 (101.46), 611.36-701.34
691.25 (129.80), 643.64-738.86
731.21 (153.32)4, 670.56-791.81
708.54 (150.77), 633.56-783.51

b = 300 s/mm

Different from stage 0, P < 0.05; 2Different from stage 0, and from stage 1, P < 0.05; 3Different from stage 0, from stage 1, and from stage 2, P < 0.05; 4Different from stage 0-1, P < 0.05; 5Different from stage 0-2, P < 0.05. TLV: Total liver volume; ADC: Apparent diffusion coefficient.
1

there was a higher diagnostic performance for b = 500
or 800 s/mm2 compared with b = 300 s/mm2 for prediction of fibrosis stage ≥ 2 and ≥ 3.

Table 3 Receiver operating curve analyses of total liver volume and liver apparent diffusion coefficient values for prediction of fibrosis stage ≥ 2 and ≥ 3 (%)
Cut-off

Stage differentiations AUC Sensitivity Specificity

TLV 656.25 cm3
ADC (b = 800 s/mm2)
1.82 × 10-3 mm2/s
1.75 × 10-3 mm2/s
ADC (b = 800 s/mm2)
1.51 × 10-3 mm2/s
1.44 × 10-3 mm2/s
ADC (b = 800 s/mm2)
1.29 × 10-3 mm2/s
1.23 × 10-3 mm2/s

Prediction of stage ≥ 2 0.682

74.1

73.7

Prediction of stage ≥ 2 0.743
Prediction of stage ≥ 3 0.646

69.6
63.6

73.3
60.0

Prediction of stage ≥ 2 0.803
Prediction of stage ≥ 3 0.847

82.6
78.8

76.7
80.0

Prediction of stage ≥ 2 0.848
Prediction of stage ≥ 3 0.887

78.3
84.8

80.0
81.2

DISCUSSION
Activation of hepatic stellate cells (the main collagenproducing cells) by fibrogenic cytokines is a central event
in fibrosis[21]. Other cells including portal fibroblasts and
bone marrow - derived cells may also be involved in the
fibrogenic process[22-26]. In the past, liver fibrosis was
considered to be irreversible, however, hepatic fibrosis
is now regarded as a dynamic process with potential for
regression[27]. The accumulation of proteins in the extracellular matrix promotes the formation of scars that
bridge together adjacent portal triads and central veins.
Ultimately, hepatic fibrosis leads to cirrhosis, associated
with nodule formation and organ contraction[27].
To prevent progression of this disease resulting in
cirrhosis, accurately staging fibrosis is of clinical importance. Some studies indicated that DWI could be a useful technique for staging liver fibrosis[12,28], and that TLV
would change with the progress of liver fibrosis[11,14].
We initially performed a follow-up study focusing on
the correlation between stage of liver fibrosis and TLV
or liver ADC values by comparing the performance of
different b values, and determining how TLV and DWI
could predict the stage of liver fibrosis. This study was
performed with a large animal model (experimental
mini-pigs) because the morphology and histology of its
liver were similar to that of human liver, and the liver
fibrosis was induced mainly by a matured method of inferior intraperitoneal injection of 40% CCl4 according to
a previous study[15].
In this study, we found that TLV tended to increase
from stage 0 to 2, but decrease from stage 3 of liver
fibrosis. Our results were almost consistent with a published study[29]. According to Liu et al[29], liver volume (LV)
in patients with liver fibrosis tended to increase with the
severity of fibrosis from stage 0 to 3, but decrease in
stage 4, indicating that TLV tended to increase gradu-

TLV: Total liver volume; AUC: Area under the receiver operating curve
curve; ADC: Apparent diffusion coefficient.

0 and 3, or stage 1 and 3 for b = 500 or 800 s/mm2;
and between stage 2 and 4 for b = 800 s/mm2 (all P <
0.05). There were no differences between stage 0 and 1,
between stage 2 and 3, and between stage 3 and 4 for b
= 300, 500 and 800 s/mm2 (all P > 0.05). Additionally,
there were significant differences between stage 0-1 and
2-4 for b = 300, 500 and 800 s/mm2, and between stage
0-2 and 3-4 for b = 500 or 800 s/mm2 (all P < 0.05).
ROC analyses of TLV and liver ADC for predicting stage

≥ 2 and ≥ 3

According to the generally accepted guidelines in Turkey
and elsewhere[20], the patients who had liver fibrosis stage
≥ 2 should receive treatment whereas those with liver fibrosis stage ≤ 1 should not. Therefore, we did not perform ROC analyses of TLV and liver ADC values for
predicting fibrosis stage ≥ 1. There was relatively more
overlap for the TLV predicting fibrosis stage ≥ 2 and
stage ≥ 3. ROC analyses showed that TLV could predict
fibrosis stage ≥ 2 with a cut-off value of 656.25 cm3,
representing a small AUC. However, liver ADC values
had a better sensitivity and a specificity for predicting
fibrosis stage ≥ 2 and ≥ 3 (Table 3). We also found that
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values with b = 500 or 800 s/mm2 could be better than b
= 300 s/mm2 for predicting stage of liver fibrosis, which
were consistent with the study by Taouli et al[12]. They suggested that ADC measured on DWI could be used to best
quantify liver fibrosis when the b value is 500 s/mm2 or
greater in the comparisons among b values of 0, 50, 300,
500, 700 and 1000 s/mm2. This may be because ADC
maps acquired with longer b values are less contaminated
by perfusion effects. That is, they are more truly diffusion
weighted[33]. Taken together, we concluded that liver ADC
measured on DWI with b = 500 or 800 s/mm2 could be
recommended for predicting stage of liver fibrosis.
Compared with previous studies, the advantages of
our study might be more persuasive to confirm that DWI
obtained with several b values could be used to predict
stage of liver fibrosis because the normal animals used
in this study had been confirmed to have no fibrosis,
hepatic steatosis and inflammation by biopsy. A previous
clinical study suggested that healthy patients without any
symptoms of liver disease could be defined as nonfibrotic, free of steatosis and inflammation, which might influence the ADC value[34]. According to Angulo et al[35], most
patients with acute liver disease and even with chronic
liver cirrhosis remained asymptomatic until decompensation occurred. We could presume that the authors of the
previous study might consider the patients with asymptomatic acute or chronic liver disease as healthy patients,
which resulted in selection bias. Furthermore, there might
be a long interval between patients undergoing liver biopsy and undergoing MRI, and the stage of liver fibrosis
might change during the interval, which would potentially
affect the results[36]. Another advantage of this study was
that we determined how to use TLV and ADC values to
predict stage of liver fibrosis.
There were some limitations in our study. Firstly,
our sample size was relatively small. Therefore, further
studies involving a larger number of samples are needed
to evaluate TLV and ADC values for predicting liver fibrosis stage. Secondly, our study was based on an animal
experiment, but our findings could provide some useful
information that TLV and ADC values could predict the
stage of fibrosis, and we will conduct further studies to
confirm the results.
In conclusion, TLV and ADC values might be used
to predict stage of liver fibrosis. TLV could predict stage
≥ 2 with a lower diagnostic accuracy, but ADC values
with b = 500 or 800 s/mm2 might be good predictors
for stage ≥ 2 and ≥ 3 with a higher diagnostic accuracy.
This study might provide a noninvasive method for predicting stage of liver fibrosis.

ally with the severity of fibrosis. The presumed pathologic mechanism for LV increase in early stage would
be the ballooning of hepatocytes along with increased
fibrotic component[14]. In advanced fibrosis, LV gradually
decreased because of the segmental or global liver atrophy[30]. However, our findings were inconsistent with other
published reports[11,14]. According to Tarao et al[14], LV in
patients with alcoholic liver fibrosis increased gradually
with the severity of fibrosis but did not decrease in the
stage of alcoholic cirrhosis. The inconsistency of our
findings with this published article could be explained by
the reason that liver fibrosis was induced by alcoholics.
As demonstrated by Li et al[11], TLV tended to decrease
gradually with the increasing degree of virus-induced
liver fibrosis staged with the pathologic scoring system
(Ishak scale). It is the difference in pathologic scoring
system that could be used to explain the inconsistency
of our findings with this published article.
In addition to TLV, liver ADC value would be another indicator to quantitatively evaluate liver fibrosis.
We found negative correlations between ADC and stage
of fibrosis for b = 300, 500 and 800 s/mm2, which were
consistent with these previous studies[12,31]. According to
these articles[12,31], there was a decrease in liver ADC with
increasing degree of fibrosis, and moderate negative correlations could be found between ADC values and fibrosis stages. However, Boulanger et al[32] found that there
was no correlation between the histological grade of
fibrosis and ADC using small b values of 50-250 s/mm2,
and we could presume that the difference in ADC value
between normal and fibrotic liver could not be found by
using the small b values because the ADC value obtained
by the small b values could be prone to be influenced by
liver perfusion[33].
For prediction of fibrosis stage ≥ 2, ROC analyses
in our study showed that TLV could be a predictor with
an AUC of 0.682 and the sensitivity and specificity of
more than 70% by using a cut-off value of 656.25 cm3.
TLV could not be a predictor of stage ≥ 3 because
there was no difference between stage 0-2 and 3-4.
In comparison with TLV, we found that ADC values obtained with b = 500 s/mm2 and 800 s/mm2 could
be better predictors to predict liver fibrosis stage ≥ 2
because of higher AUC of 0.803 and 0.848 using cutoff ADC of 1.51 × 10-3 mm2/s and 1.29 × 10-3 mm2/s,
respectively. Moreover, ADC values obtained with b =
500 s/mm2 and 800 s/mm2 could also predict liver fibrosis stage ≥ 3 with AUC of 0.847 and 0.887 using cutoff ADC of 1.44 × 10-3 mm2/s and 1.23 × 10-3 mm2/s,
respectively. Comparing with b = 500 s/mm2 and 800
s/mm2, we found a relatively lower AUC of 0.743 for a
liver ADC value of 1.82 × 10-3 mm2/s obtained using b =
300 s/mm2 for prediction of fibrosis stage ≥ 2. Because
there was no difference in ADC value for b = 300 s/mm2
between liver fibrosis stage 0-2 and 3-4, ADC value obtained in the current setting could not be used to predict
liver fibrosis stage ≥ 3. Generally, we found that ADC
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ume (TLV) obtained by computed tomography would change with the progress
of liver fibrosis. However, correlations of liver ADC value obtained by different
b values or magnetic resonance imaging (MRI)-based TLV with the stage of
liver fibrosis, and whether and how TLV and DWI could predict the stage of liver
fibrosis remained unclear.

9

Research frontiers

ADC obtained by magnetic resonance (MR) DWI for multiple b values and TLV
obtained by enhanced MR imaging are the hotspots for the research on assessing the stages of liver fibrosis. How the ADC and TLV would change with
the increasing stage of liver fibrosis, and whether TLV and DWI could predict
the stage of liver fibrosis have not been determined.

10

11

Innovations and breakthroughs

The authors utilized magnetic resonance imaging to assess the changes of
apparent diffusion coefficient obtained by DWI and TLV obtained by enhanced
scans with the stage of liver fibrosis, and utilized receiver-operating characteristic (ROC) curve analysis to determine whether TLV and DWI could predict the
stage of liver fibrosis.

12

Applications

The authors found that TLV and ADC values might predict stage of liver fibrosis.
ADC values with b = 500 or 800 s/mm2 might be good predictors for stage ≥ 2
and ≥ 3 with higher diagnostic accuracy, but TLV could predict stage ≥ 2 with
a lower diagnostic accuracy. Although this is an experimental study, the findings
could be helpful for the relevant clinical studies.

13

Terminology

DWI, a method that assesses the diffusion of protons within tissue by applying
motion sensitizing gradients that causes diffusing protons to lose signal. The
amount of signal loss is influenced by the strength of the diffusion weighting
(the diffusion sensitivity parameter or b value of the sequence) and the ability of
protons to diffuse through tissues (the ADC).

14

Peer review

15

This interesting study determined whether MRI based liver volume and DWI
are useful to stage liver fibrosis in mini-pigs. Results presented in this paper
showed that TLV increased during stage 0-2, whereas it decreased from stage
3 liver fibrosis. The ADC values were decreased with increasing stage of fibrosis. Authors conducted histopathological studies in liver biopsy specimens to
analyze the damage during fibrosis. Overall, these findings show that both TLV
and ADC values provide an important tool to predict stage of liver fibrosis.
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ORIGINAL ARTICLE

Adult-to-adult living donor liver transplantation for acute
liver failure in China
Ding Yuan, Fei Liu, Yong-Gang Wei, Bo Li, Lv-Nan Yan, Tian-Fu Wen, Ji-Chun Zhao, Yong Zeng, Ke-Fei Chen
isting cirrhosis and with an illness of < 26 wk duration.
We reviewed the clinical indications, operative procedure and prognosis of AALDTL performed on patients
with ALF and corresponding living donors. The potential
factors of recipient with ALF and corresponding donor
outcome were respectively investigated using multivariate analysis. Survival rates after operation were analyzed using the Kaplan-Meier method. Receiver operator characteristic (ROC) curve analysis was undertaken
to identify the threshold of potential risk factors.
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RESULTS: The causes of ALF were hepatitis B (n =
18), drug-induced (n = 1) and indeterminate (n = 1).
The score of the model for end-stage liver disease
was 37.1 ± 8.6, and the waiting duration of recipients
was 5 ± 4 d. The graft types included right lobe (n
= 17) and dual graft (n = 3). The mean graft weight
was 623.3 ± 111.3 g, which corresponded to graft-torecipient weight ratio of 0.95% ± 0.14%. The segment
Ⅴor Ⅷ hepatic vein was reconstructed in 11 right-lobe
grafts. The 1-year and 3-year recipient’s survival and
graft survival rates were 65% (13 of 20). Postoperative
results of total bilirubin, INR and creatinine showed obvious improvements in the survived patients. However,
the creatinine level of the deaths was increased postoperatively and became more aggravated compared
with the level of the survived recipients. Multivariate
analysis showed that waiting duration was independently correlated with increased mortality (P = 0.014).
Furthermore, ROC curve revealed the cut-off value of
waiting time was 5 d (P = 0.011, area under the curve
= 0.791) for determining the mortality. The short-term
creatinine level with different recipient’s waiting duration was described. The recipients with waiting duration ≥ 5 d showed the worse renal function and higher
mortality than those with waiting duration < 5 d (66.7%
vs 9.1%, P = 0.017). In addition, all donors had no
residual morbidity. Furthermore, univariate analysis did
not show that short assessment time induced the high
morbidity (P = 0.573).

Abstract
AIM: To investigate the long-term outcome of recipients and donors of adult-to-adult living-donor liver
transplantation (AALDLT) for acute liver failure (ALF).
METHODS: Between January 2005 and March 2010,
170 living donor liver transplantations were performed
at West China Hospital of Sichuan University. All living
liver donor was voluntary and provided informed consent. Twenty ALF patients underwent AALDLT for rapid
deterioration of liver function. ALF was defined based
on the criteria of the American Association for the
Study of Liver Diseases, including evidence of coagulation abnormality [international normalized ratio (INR)
≥ 1.5] and degree of mental alteration without pre-ex-
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CONCLUSION: Timely AALDLT for patients with ALF
greatly improves the recipient survival. However, further systemic review is needed to investigate the optimal treatment strategy for ALF.

AALDLT for ALF performed in our center.

MATERIALS AND METHODS
Patients
Between January 2005 and March 2010, 170 LDLTs were
performed at West China Hospital of Sichuan University. Twenty ALF patients underwent AALDLT for rapid
deterioration of liver function. ALF was defined based
on the criteria of the American Association for the
Study of Liver Diseases (AASLD)[1], including evidence
of coagulation abnormality [international normalized
ratio (INR) ≥ 1.5] and any degree of mental alteration
without pre-existing cirrhosis and with an illness of < 26
wk duration. Patients with underlying chronic diseases
such as chronic hepatitis B and autoimmune hepatitis
were included if their disease has only been recognized
for < 26 wk. Patients with cirrhosis identified by histologic examination of the liver explants were excluded.
Informed consent was obtained from the patients and
their families.

© 2012 Baishideng. All rights reserved.

Key words: Acute liver failure; Adult-to-adult liver donor liver transplantation; Recipient; Donor; Risk factors
Peer reviewers: Tokihiko Sawada, MD, PhD, Associate pro-

fessor, Second Department of Surgery, Dokkyo Medical University, Kitakobayashi 880, Mibu, Shimotsuga, Tochigi 321-0293,
Japan; Rubén Ciria, MD, PhD, Hepatobiliary Surgery and Liver
Transplantation Unit, Hospital Universitario Reina Sofía, Avenida Menendez Pidal s/n, Servicio de Cirugia General, 14004
Cordoba, Spain
Yuan D, Liu F, Wei YG, Li B, Yan LN, Wen TF, Zhao JC, Zeng
Y, Chen KF. Adult-to-adult living donor liver transplantation
for acute liver failure in China. World J Gastroenterol 2012;
18(48): 7234-7241 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i48/7234.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i48.7234

Donor evaluation
The primary selection criteria for a living liver donor
were: being voluntary and providing informed consent
which clearly stated that living liver donation can lead to
donor risk. Each donation was approved by the Ethics
Committee of West China Hospital of Sichuan University. The first essentiality of donor medical evaluation
included ABO blood type identity or compatibility and
age < 65 or > 18 years. Donors with known medical disorder that significantly increased a perioperative risk or
contraindicated donation were excluded. Liver biochemistry, hepatitis serological tests, and complete blood cell
count, coagulation test, cardio-pulmonary function tests
to exclude chronic liver disease or potential contraindication were routinely performed in donors. Computed
tomography (CT) scan for volumetric size measurement
was performed to evaluate graft size and the size of the
future remnant donor liver. The donors’ remnant liver
volume should be greater than 30% of the total liver
volume (TLV) by CT volumetry. Dual graft liver transplantation with two left hemiliver or a combination of a
right hemiliver and left hemiliver was adopted when the
suitability of single graft transplant was in doubt in view
of donor safety [remnant liver volume (RLV) < 30%
of TLV] or small-for-size graft for recipients [graft volume to recipient standard liver volume (GV/SLV) ratio
< 40%]. The donor assessment was usually completed
within 24-48 h to shorten the waiting time of recipients.
For minimizing the risks and complications of definitive donors, the typical preoperative invasive diagnostic
procedures, including hepatic angiography, liver biopsy,
and cholangiography, were abolished and the following
managements were adopted: (1) hepatic angiography was
substituted with CT arteriography to study the tracks
and variations of the hepatic artery, but hepatic angiography will further be performed if hepatic artery was
not visualized; (2) preoperative endoscopic retrograde

INTRODUCTION
Acute liver failure (ALF) is a condition in which rapid
deterioration of liver function results in hepatic encephalopathy and coagulopathy in individuals without preexisting cirrhosis[1]. Because ALF progresses rapidly and
recovers poorly, the emergency liver transplantation is
recommended to treat ALF which has a high likelihood
of death[1]. However, because the shortage of donor
organ and the long waiting time for a suitable graft, the
patients might deteriorate further and eventually die
while waiting. Living donor liver transplantation (LDLT)
is an effective option for this dilemma, which may reduce waiting time and provide more optimal timing for
surgery and shorter cold ischemia time.
Adult-to-adult LDLT (AALDLT) for ALF has recently
been reported, mostly in Asians[2-4], although it possibly
increases the donor’s risk because of large-sized graft removed and an evaluation of donor in an urgent scenario.
In addition, an optimal graft might not be obtained because of a short assessment time for donors. The recent
reports have described the optimal survival rate of recipients and the minimum rate of morbidity of the donors[2-6].
However, a small sample could not support AALDLT as
a better solution for patients with ALF. Thus, the continued development of AALDLT treatment is necessary to
determine treatment option for patients with ALF.
ALF caused by hepatitis B virus (HBV) infection has
a lower spontaneous recovery rate than that induced by
drugs[7]. In China, the most frequent cause of ALF is
HBV, thus emergency AALDLT will be particularly significant for these patients with a high mortality and limited deceased organs. In this study, we reported the longterm outcome of recipients and donors of emergency
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choledochopancreatography was routinely substituted
by magnetic resonance cholangiopancreatography and
intraoperative cholangiography[8].

Table 1 The characteristics of recipients with acute liver failure

Donor and recipient operations
The donor and recipient operation was performed according to the previously published technique[8]. Intraoperative liver biopsy was routinely performed to exclude
donors with severe hepatic steatosis. We emphasized the
following practices, including identifying hepatic incision
line with intraoperative ultrasonography, hepatectomy
using an ultrasonic dissector without inflow occlusion,
identifying biliary duct anatomy by intraoperative cholangiography and leaving middle hepatic vein (MHV)
in the donor side. Recipients’ great saphenous vein or
cryopreserved vessels were anastomosed between the
crassitude tributaries of the graft MHV (> 5 mm in diameter) and inferior vena cava to avoid graft (segment Ⅴ
and Ⅷ) congestion and to provide sufficient functioning
liver mass. Weight and volume of the grafts were respectively measured using the balance and water replacement
method in the back table, and graft-to-recipient weight
ratio (GRWR) and GV/SLV ratio were calculated. In addition, the rate of donor RLV was calculated as follows:
[(TLV - GV)/TLV] × 100%.
Postoperative treatment and follow-up
Each donor and recipient were routinely cared in the
intensive care unit of liver transplantation after operation, and transferred to the regular ward when their
conditions became stable. Liver biochemical tests, blood
routine examination, hepatic vascular status and remnant liver volume regeneration were monitored during
hospital stay and follow-up. The Clavien classification
system for liver transplantation was used to respectively
define postoperative recipient[9] and donor complications[10]. Standard immunosuppression regimen is triads
of ciclosporin or tacrolimus, mycophenolate mofetil and
prednisone. Lamivudine was given orally to recipients
with hepatitis B once the decision to perform liver transplantation was made, and was continued throughout and
after the operation. Hepatitis B immunoglobulin was
used for the prevention of hepatitis B relapse. Discharge
donors and recipients were regularly followed up with an
endpoint of September 30, 2010.

39.5 ± 7.3
17/3
23.4 ± 3.4
1339.7 ± 147.5
18
1
1
37.1 ± 8.6
456.1 ± 207.3
136.7 ± 102.1
4.18 ± 3.42
4
5±4
618.3 ± 111.0
623.3 ± 111.3
46.2% ± 7.2%
0.95% ± 0.14%
17
3
131 ± 24
95.3 ± 24.9
11.5 ± 3.1
2700 (1000-7000)
33.7 ± 18.5
7
425 (1-1654)

BMI: Body mass index; GRWR: Graft-to-recipient weight ratio; GV/SLV:
Graft volume to recipient standard liver volume; MELD: Model for endstage liver disease; INR: International normalized ratio.

SPSS for Windows 13.0.

RESULTS
Recipient characteristics
Patients included 17 men and 3 women, with mean age
of 39.5 ± 7.3 years (range, 29-63 years). The causes of
ALF were hepatitis B (n = 18, including 10 patients with
acute hepatitis B and 8 patients with acute-on-chronic
hepatitis B), drug-induced (n = 1) and indeterminate (n
= 1). The parameters of the recipients are summarized
in Table 1. The average score of the model for end-stage
liver disease (MELD) was 37.1 ± 8.6, ranging from 24 to
55. Hepatorenal syndrome was present in four patients,
but none required preoperative hemodialysis. Three
patients received dual grafts transplantation with right
hemiliver and left hemiliver, and their accumulated grafts
weight was 800 g, 754 g and 680 g, respectively. The
overall graft weight was 623.3 ± 111.3 g (range, 400-850
g) and the graft volume was 618.3 ± 111.0 cm3 (range,
400-870 cm3) , which corresponded to the GRWR of
0.95% ± 0.14% (range, 0.75%-1.31%) and GV/SLV of
46.2% ± 7.2% (range, 37%-68%). The segment Ⅴ or Ⅷ
hepatic vein, which was 8.5 ± 2.5 mm (range, 5-13 mm),
were reconstructed in 11 right-lobe grafts. The methods

Statistical analysis
Data were expressed as mean and standard deviations
or as median and range depending on the distribution.
Continuous variables of two groups were compared by
the Student t test or the Mann-Whitney test as appropriate. Survival rates after operation were analyzed using
the Kaplan-Meier method. Multivariate Cox regression
further analyzed the independently related factors of
mortality. Receiver operator characteristic (ROC) curve
analysis was undertaken to identify the threshold of
potential risk factors. Statistical significance was defined
as P < 0.05. All statistical analysis were performed using
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Recipients (n = 20)

Parameters
Preoperative
Age (yr)
Gender (male/female)
BMI (kg/m2)
SLV (cm3)
Etiologies (n)
Hepatitis B
Drug induced
Indeterminate
MELD scores
Total bilirubin (μmol/L)
Creatinine (μmol/L)
INR
Hepatorenal syndrome (n)
Waiting duration (d)
Intraoperative
Graft volume (cm3)
Graft weight(g)
GV/SLV
GRWR
Graft type (n)
Right lobe
Dual graft
Cold ischemia time (min)
Anhepatic phase time (min)
Operation time (h)
Blood loss (mL)
Postoperative
Hospital stay (d)
Death in hospital (n)
Follow-up (d)
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A
600

TB (μmol/L)

Table 2 Classification of common complications of the recipients

Survival
Death 1
Death 2
Death 3
Death 4
Death 5
Death 6
Death 7

400

Clavien grade

200

0
Pre POD0 POD1 POD2 POD3 POD4 POD5 POD6 POD7 POD14 POD30 POD90
Postoperative day

B

8

Survival
Death 1
Death 2
Death 3
Death 4
Death 5
Death 6
Death 7

INR

6

4

2

Pre POD0 POD1 POD2 POD3 POD4 POD5 POD6 POD7 POD14 POD30 POD90
Postoperative day

Survival
Death 1
Death 2
Death 3
Death 4
Death 5
Death 6
Death 7

500

Cre (μmol/L)

400

300

200

100

0
Pre POD0 POD1 POD2 POD3 POD4 POD5 POD6 POD7 POD14 POD30 POD90
Postoperative day

Figure 1 Hepatic and renal function change of all recipients with acute liver failure. The solid line displays the mean of values level in survived recipients
(n = 17). The dashed line displays the values level of seven dead recipients.
The triangles show the dead recipients with survival time > 7 d, and the black
boxs show the dead recipients with survival time < 2 d. A: Total bilirubin(TB)
tendency; B: INR: International normalized ratio tendency; C: Creatinine (Cre)
tendency.

of biliary reconstruction included duct-to-duct manner
without T-tube (n = 17) and with T-tube (n = 1), Rouxen-Y anastomosis (n = 1) and combined duct-to-duct
and Roux-en-Y anstomosis (n = 1).
Recipient outcomes
The respiratory tube was extubated at median postoperative 10 h (range, 5-95 h) in all patients. Hospital stay
was 33.7 ± 18.5 d (range, 1-84 d) and seven recipients
died in hospital. Postoperative liver and renal function
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n
1
1

1
2
1
1
1
1
1
0
5
1
1
17

are shown in Figure 1. Postoperative results of total bilirubin, INR and creatinine showed obvious improvement
in survived patients. However, the creatinine level of
dead cases was increased postoperatively and was more
aggravated than the level of survived recipients.
A total of 17 (85%) recipients suffered from different grades of complications (Table 2). One biliary
anastomotic stricture occurred, which was successfully
treated by an endoscopic procedure. One patient required surgical revision for hepatic artery thrombosis
and endoscopic procedure for bile leakage. One case
required laparotomy for intraperitoneal hemorrhage.
Seven recipients (35%) died in hospital, and the others
were still alive. The 1-year and 3-year recipient survival
and graft survival rates were 65%. One patient died from
the acute rejection after one month. One case developed
severe pulmonary mixed infection (Burkholderia cepacia,
and Acinetobacter baumanii/Acinetobacter haemolytius) and
died three weeks later. Two patients died from severe
pulmonary infection (Pseudomonas aeruginosa and Klebsiella
pneumonia) after one month. One case required surgical procedure for bile leakage on POD14, but died of
abdominal infection on the second postoperative day 5.
Two patients died from the continuing severe hepatic
function failure on POD1 and POD2.
The patient 1-year and 3-year survival rates were 65%,
and 13 patients were still alive (Figure 2). No significant
related factors for a recipient mortality were observed
using univariate analysis, including MELD scores, preoperative total bilirubin, pre-creatinine, pre-INR, GV/SLV
and reconstruction of segment hepatic vein outflow as
shown in Table 3 (all P > 0.05). And the similar operative
liver and renal functions were observed in group with
and without segment hepatic vein outflow (all P > 0.05).
However, gender (P = 0.037), the longer duration of
waiting (P = 0.014) and higher creatinine level on POD1 (P
= 0.021) were associated with the mortality. Furthermore,

0

C

Complications

GradeⅠ(n = 2) Pleural effusion (mild)
Anastomotic stoma stenosis of right hepatic vein
without treatment
Grade Ⅱ (n = 10)
Pleural effusion (server) using pleurocentesis
Ⅱa
Transfusion 4 foreign blood units and pleural effusion (mild)
A persistent elevated prothrombin time > 20 over 3 d
Transient increase in creatinine levels (> twice the
pretransplantation level) for one month
Bile duct stricture corrected by endoscopic therapy,
Ⅱb
and pulmonary infection
Hepatic artery thrombus requiring surgery, and
bile leakage requiring endoscopic procedure
Postoperative bleeding requiring laparotomy
Grade Ⅲ (n = 0) None
Grade Ⅳ (n = 7) Renal failure and/or hepatic function failure
Pulmonary infection
Abdominal infection from bile leakage
Total
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1.0
Survival function
0

0.8

Cum survival

Table 3 Univariate analysis of the mortality in the acute liver
failure cases
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Figure 2 Survival curve of patients with acute liver failure. The patient
1-year and 3-year survival rates in the present study were 65%.

140
Creatine (μmol/L)

Outflow reconstruction
Urine volume
Blood loss
Operation duration
Re-warm ischemia
Pre_TB
Pre_Cre
Pre_INR
POD1_TB
POD1_Cre
POD1_INR

P value
0.924
0.291
0.608
0.536
0.394
0.878
0.563
0.670
0.622
0.021
0.930

time was more than 3 d in five donors, including 3 d (n
= 2), 4 d (n = 1) and 5 d (n = 2). The assessment time
was prolonged because some excluded potential donors
resulted in re-evaluating another donor, whose causes included viral hepatitis, blood type incompatibility, obesity
or graft size mismatch. Five donors with mild steatosis
were observed by biopsy and their macrosteatosis was
less than 30% (maximum 25%), and three of the five
cases developed mild hepatic function impairment and
recovered within one week. The RLV/TLV was 56.6%
± 12.1% (range, 26%-79%). It was less than 30% in only
one case, but the total bilirubin (60-90.8 μmo/L) was
high within postoperative three days.
The complications of donors are shown in Table
4. There was no death and grade Ⅳ morbidity. Surgical
morbidity was found in 11 patients (47.8%) in this series.
However, the major complication only occurred in one
donor, which was severe pleural effusion with pleurocentesis and classified as grade Ⅲa. Pleural effusion was the
most frequent morbidity for living donor, and occurred
in 8 cases (34.8%). Four donors developed mild hepatic
function impairment, but spontaneously recovered within
one week. One case with pulmonary infection had hyperbilirubinemia more than 3 wk, and the hepatic function was recovered with Transmetil treatment. The mean
hospital stay was 13.4 ± 3.5 d (range, 6-22 d).The similar
morbidity and postoperative hepatic function were found
between donors with short (< 3 d) and with long (≥ 3 d)
assessment time (all P > 0.1).With a median follow-up of
29 mo, all donors had no residual morbidity and resumed
normal preoperative activities with normal liver function.
Furthermore, univariate analysis did not show that short
assessment time induced the high morbidity (P = 0.573)
and the correlation between RLV/TLV and the morbidity (P = 0.268).

Waiting ≥ 5 d
Waiting < 5 d

120

100

80

60
POD1 POD2 POD3 POD4 POD5 POD6 POD7 POD14
Postoperative day

Figure 3 Short-term creatinine level change with different recipient waiting time. The recipients with waiting time ≥ 5 d (the solid line) showed a
higher creatinine level than those with waiting time < 5 d (the dashed line).

multivariate analysis showed that waiting time was only
independently correlated with the increased mortality (P
= 0.016), but the clinical significance was likely not accepted because of a low odds ratio (OR = 1.19, 95%CI
= 1.033-1.385). Furthermore, ROC curve revealed the
cut-off value of waiting time was 5 d (P = 0.011, area under the curve = 0.791) for determining the mortality. The
short-term creatinine levels and recipient’s waiting duration are shown in Figure 3. We found that recipients with
waiting duration ≥ 5 d showed the worse renal function
and higher mortality than with waiting duration < 5 d
(66.7% vs 9.1%, P = 0.017).
Donor results
The mean age of the 23 living donors was 37.7 ± 10.2
years (range, 19-58 years). The preoperative parameters
of donors are shown in Table 3. The mean donor assessment was 2.1 ± 1.3 d (range, 1-5 d). The assessment
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0.037
0.442
0.914
0.963
0.727
0.306
0.014
0.396
0.385
0.620
0.767

GV/SLV: Graft volume to recipient standard liver volume; GW/BW: Graft
weight to recipient body weight; MELD: Model for end-stage liver disease;
BMI: Body mass index; Pre: Preoperative; POD1: One of postoperative day
one; TB: Total bilirubin; INR: International normalized ratio.

t/mo

160

P value Variables

Variables
Gender
Age
BMI
Child-Pugh scoring
MELD scoring
MELD scoring grade (> 30)
Waiting duration
GV/SLV
GW/BW
Anhepatic phase
Cold ischemia

DISCUSSION
Initially LDLT for ALF was only performed in children.
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than those reported in literature (> 70%), the possible
explanations include worse preoperative patient condition, increased waiting time, inadequate venous draining
resulting from right-lobe graft without MHV.
The MELD score was used to allocate cadaveric liver
grafts among patients with end-stage liver disease[18], and
was also considered to be a useful indicator of LDLT
in ALF patients [19-21]. Several authors suggested that
MELD scores greater than 25 should be considered as
a relative contraindication for transplantation because
of the poor outcomes[22]. Yantorno et al[20] advocated the
MELD score cut-off value for determining whether a
transplantation was indicated should be 30. In our series,
the mean MELD was 37.1 ± 8.6, which was higher than
that reported from all other centers (Table 5). The mortality of recipients with MELD > 30 (7 of 15, 46.7%)
was higher than those with MELD ≤ 30 (0 of 5), but
not statistically significant (P = 0.306). The increased
MELD score may account for an increased mortality
(65%) in our reports. However, Matsui et al[13] considered
that MELD score has little clinical significance for ALF
patients who received plasma exchange.
In the present study, multivariate analysis identified
waiting duration as the sole independent prognostic factor for 1-year mortality. The duration of waiting time
for liver transplantation can significantly affect patient
survival, especially for patients with ALF[2,6,23]. Prolonged
waiting time means increased risk of severe complications, including deterioration of hepatic or/ and renal
function, intracranial bleedings or sepsis[6,24], which contributed to increased mortality in our series. The mean
waiting time in this study was slightly longer than that
in other centers (5 d vs 3.7 d). Recipients with waiting
duration ≥ 5 d correlated with worse outcome. This
was possibly due to the following causes, such as delayed
donor evaluation or/and the hesitancy for LDLT from
the patient’s family. This result was possibly of defective
clinical significance because of the low odds ratio of
waiting duration (OR = 1.19) for a recipient mortality
and the small sample size of our study. However, this
data showed that timely LDLT for ALF patients greatly
improved the recipient survival.
On one hand, the graft volume is positively correlated with the recipient outcome in LDLT[16,25,26]. To meet
the demand of patients with ALF, a safety margin of a
smaller graft was GV/SLV > 30%-35%[4,12,27]. Despite
acceptable survival with GV/SLV < 30%[28] was reported, small graft should be avoided if possible[4,11]. Based
on recent reports (Table 4), satisfactory survival resulted
from right-lobe graft with a GV/SLV more than 30%.
In this study, the mortality of recipients was not associated with GV/SLV because of the GV/SLV > 37%. On
the other hand, right liver graft without middle hepatic
vein may lead to venous congestion of right anterior segments[16,29-31]. The functional graft volume relies on a perfect outflow[32,33], thus it is necessary to reconstruct the
crassitude hepatic vein outflow to avoid graft congestion.
Our data can not provide evidence to answer whether a
graft with or without MHV correlates to recipient mor-

Table 4 The characteristics of living donors
Donors (n = 23)

Parameters
Preoperative
Age (yr)
Gender (male/female)
BMI (kg/m2)
Relationship with recipient (n)
Siblings
Daughter
Wives
Father
Uncle
Assessment time (d)
Intraoperative
Graft steatosis (normal/mild)
Graft type (right lobe/left lobe)
RLV/TLV (%)
Operation time (h)
Blood lost (mL)
Postoperative
Hospital stay (d)
Peak of TB (μmol/L)
Peak of INR
Complications (n)
GradeⅠ(n = 7)
Pleural effusion (mild)
Hepatic function impairment (mild)
Hepatic cut-section local fluid collection
Grade Ⅱ (n = 3)
Pleural effusion (moderate) leading to partial
compression atelectasis and hepatic function
impairment (mild)
Pleural effusion (moderate) and pericardial
effusion
Pulmonary infection undergone antibiotic
therapy and hepatic function impairment
(moderate)
Grade Ⅲa (n = 1)
Pleural effusion (server) using pleurocentesis

37.7 ± 10.2
8/15
23.8 ± 3.5
12
4
5
1
1
2.1 ± 1.3
18/5
20/3
56.5 ± 12.1
6.9 ± 1.4
665.2 ± 480.9
13.4 ± 3.5
53.4 ± 22.7
1.71 ± 0.36
11
4
2
1
1

1
1

1

Hepatic function impairment: Mild, hyperbilirubinemia (TB being 51-85
μmol/L for more than 3 d or 34-51 μmol/L on POD7) and/or PT prolongation (6-8 s for more than 3 d or 4-6 s on POD7); Moderate, hyperbilirubinemia (TB > 85 μmol/L for more than 3 d or exceeding 51 μmol/L on
POD7) and/or PT prolongation (> 8 s for more than 3 d or exceeding 6 s
on POD7). BMI: Body mass index; RLV: Remanet live volume; TLV: Total
liver volume; TB: Total bilirubin; INR: International normalized ratio; PT:
Prothrombin time.

Since the first report of successful AALDLT using rightlobe graft for adult ALF patients by Lo et al[11], AALDLT
has been gradually accepted as an alternative treatment
for adult ALF patients. Most cases came from Asian
countries[2-4,6], whereas a few cases were reported from
Western countries[5]. Experiences of AALDLT in ALF
are summarized in Table 5[2-6,12-17]. The mean waiting time
was mostly less than five days and 1-year survival rate (>
70%) was satisfactory in the recipients. Zero mortality
and low morbidity (< 40%) were achieved in all donors.
Thus, it is rational to conclude that AALDLT is a safe
treatment for patients with ALF.
This study demonstrated that AALDLT was an efficient treatment for patients with ALF. Patients who survived postoperatively (n = 13, 65%) were still alive at the
postoperative 1-year and 3-year. This result was worse
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Table 5 Adult-to-adult living donor liver transplantation for acute liver failure between 2000 and 2010
Recipient
Study

Cases

Park et al[2]
Shi-Chun et al[3]
Ikegami et al[4,12]
Campsen et al[5]
Matsui et al[13]
Rajekar et al[14]
Lee et al[15]
Liu et al[16]
Nishizaki et al[17]

MELD

Waiting time (d)

40
36
10
34.5 ± 2.1
44
24 ± 6
10
> 21
36 (4)1 22 ± 6
15
32
57
32
32
36 ± 1.8
15
ND

2.5
3
8±6
2.7
ND
ND
2.4
2.5
5

Graft type
Right Left Dual
35
10
12
10
18
33
32
0

0
0
32
0
16
ND
9
0
15

6
0
10
0
0
15
0
0

Donor complications

GV/SLV (%)
ND
56.7 (47.7-66.9)
22.8-56.8
ND
46 (22-75)
ND
27-81
52 (33-87)
36.7 (23-54)

Mortality Survival rate, n (%) Cases Minor Major Morbidity
6
2
10
3
4
3
10
4
3

1 (85)
2 (80)
1 (78.3); 3 (71.6)
1-5 (70)
1 (94); 5 (87)
4 (80)
1-5 (82)
2 (88)
1 (80)

45
10
44
10
36
ND
72
32
15

11
4
15
5
1
ND
ND
8
ND

0
0
0
0
1
ND
ND
2
ND

24.40%
40%
34%
50%
5.60%
ND
ND
31.30%
ND

1

Four pediatric recipients were not clarified from 36 cases in this report. Major complications of donors were defined as the Clavine grade Ⅲ-Ⅳ. MELD:
Model for end-stage liver disease; GV/SLV: Graft volume to recipient standard liver volume; ND: Not described. The latest report was as the summarized
standard if multiple reports were from the same center and author.

also cases reported in Western countries. The recent reports have described
the optimal survival rate of recipients and the minimum rate of morbidity of the
donor. However, a small sample could not support AALDLT as a better solution
for patients with ALF. Thus, the continued development of AALDLT treatment is
necessary to determine the treatment option for patients with ALF.

tality because all grafts were without middle hepatic vein.
However, comparable patient outcome was achieved in
our series which warrants that the reconstruction of a
crassitude hepatic vein outflow is necessary.
Some scholars concerned that the expedited donor
assessment may incur poor donor outcome. However,
there was no mortality or reoperation among donors
in our series. Although 34.8% of donors suffered from
complications, all improved spontaneously or with conservative management except one pleural effusion with
pleurocentesis. This morbidity was slightly higher than
that reported by other centers because of the variation
of defining and reporting complications[34,35]. Postoperative complications of donors is usually underestimated
even using the Clavien classification (1992 version)[13,36].
Thus, this morbidity in our center was acceptable using
the new Clavien classification. In addition, our results
also indicated that transitory assessment for donors had
no negative effect on the donor outcome. Similarly, the
small sample size in our study is still insufficient to determine a potential correlation between expedited donor
assessment and donor outcome. In our experience, a
rapid evaluation process did not bring any negative effect to donors.
In summary, this study demonstrated that AALDL
should be performed as early as possible in patients with
ALF for a satisfactory survival rate. There are few studies
with a large sample size to support AALDLT as a better
treatment for patients with ALF. Thus, a systemic review
and continued development of AALDLT are important
to determine treatment option for patients with ALF.

Innovations and breakthroughs

This study evaluated the outcome of recipients with ALF and living donor in
detail. Based on the Clavien classification, the outcome of recipients and donors were first objectively evaluated. The authors indicated that the duration
of waiting was an independent risk factor for a recipient’s mortality. In addition,
sample size is still small among studies of AALDLT for ALF in the world. Thus,
this study presented some experience for further system reviews.

Applications

This study indicated that patients with ALF should receive AALDL as early as
possible for satisfactory survival rate. And the model for end-stage liver disease
score may not be related to the outcome of recipient’s outcome.

Terminology

ALF is a condition in which rapid deterioration of liver function results in altered
mentality and coagulopathy in individuals without preexisting cirrhosis.

Peer review

The manuscript provided information about LTx for ALF in China. This is a very
interesting analysis of a series of 20 patients who underwent LDLT for ALF.
From the “west-countries” point of view, these series are important as we may
consider increasing our rate of LDLT for several etiologies, including ALF.

REFERENCES
1
2

3

COMMENTS
COMMENTS

4

Background

Acute liver failure (ALF) is a condition with rapid deterioration of liver function.
Because ALF progresses rapidly and recovers poorly, the emergency liver
transplantation is recommended as the effective treatment for ALF which has a
high likelihood of death. Adult-to-adult living-donor liver transplantation (AALDLT) would help address the shortage of available organs for patients with ALF.

5

Research frontiers

6

AALDLT for ALF has recently been mostly reported in Asia and there were

WJG|www.wjgnet.com

7240

Polson J, Lee WM. AASLD position paper: the management
of acute liver failure. Hepatology 2005; 41: 1179-1197
Park SJ, Lim YS, Hwang S, Heo NY, Lee HC, Suh DJ, Yu
E, Lee SG. Emergency adult-to-adult living-donor liver
transplantation for acute liver failure in a hepatitis B virus
endemic area. Hepatology 2010; 51: 903-911
Shi-Chun L, Meng-Long W, Ning L, Wei L, Ping C, Jin-Ning
L, Jun D, Zhen Z, Ju-Shan W, Dong-Dong L, Qing-Liang G,
Yue Z. Emergent right lobe adult-to-adult living-donor liver
transplantation for high model for end-stage liver disease
score severe hepatitis. Transpl Int 2010; 23: 23-30
Ikegami T, Taketomi A, Soejima Y, Yoshizumi T, Sanefuji K,
Kayashima H, Shimada M, Maehara Y. Living donor liver
transplantation for acute liver failure: a 10-year experience
in a single center. J Am Coll Surg 2008; 206: 412-418
Campsen J, Blei AT, Emond JC, Everhart JE, Freise CE, Lok
AS, Saab S, Wisniewski KA, Trotter JF. Outcomes of living
donor liver transplantation for acute liver failure: the adultto-adult living donor liver transplantation cohort study.
Liver Transpl 2008; 14: 1273-1280
Liu CL, Fan ST, Lo CM, Wei WI, Yong BH, Lai CL, Wong J.

December 28, 2012|Volume 18|Issue 48|

Yuan D et al . AALDLT for ALF

7

8

9

10

11

12
13

14

15

16
17

18

19

20

21

Live-donor liver transplantation for acute-on-chronic hepatitis B liver failure. Transplantation 2003; 76: 1174-1179
Ostapowicz G, Fontana RJ, Schiødt FV, Larson A, Davern
TJ, Han SH, McCashland TM, Shakil AO, Hay JE, Hynan L,
Crippin JS, Blei AT, Samuel G, Reisch J, Lee WM. Results
of a prospective study of acute liver failure at 17 tertiary
care centers in the United States. Ann Intern Med 2002; 137:
947-954
Yan LN, Li B, Zeng Y, Wen TF, Wang WT, Yang JY, Xu MQ,
Chen ZY, Zhao JC, Ma YK, Wu H. Analysis of fifty adult to
adult living donor liver transplantation. Sichuan Daxue Xuebao Yixueban 2007; 38: 513-517
Clavien PA, Camargo CA, Croxford R, Langer B, Levy GA,
Greig PD. Definition and classification of negative outcomes
in solid organ transplantation. Application in liver transplantation. Ann Surg 1994; 220: 109-120
Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg 2004;
240: 205-213
Lo CM, Fan ST, Liu CL, Wei WI, Lo RJ, Lai CL, Chan JK, Ng
IO, Fung A, Wong J. Adult-to-adult living donor liver transplantation using extended right lobe grafts. Ann Surg 1997;
226: 261-269; discussion 269-270
Ikegami T, Taketomi A, Soejima Y, Maehara Y. Feasibility
of adult-to-adult living donor liver transplantation for acute
liver failure. Liver Transpl 2009; 15: 117-118
Matsui Y, Sugawara Y, Yamashiki N, Kaneko J, Tamura
S, Togashi J, Makuuchi M, Kokudo N. Living donor liver
transplantation for fulminant hepatic failure. Hepatol Res
2008; 38: 987-996
Rajekar H, Wai CT, Majeed TA, Lee KH, Wong SY, Leong
SO, Singh R, Tay KH, Soosaynathan C, Tan KC. Prognostic factors in patients with acute liver failure undergoing
live donor liver transplantation. Transplant Proc 2008; 40:
2492-2493
Lee SG, Ahn CS, Kim KH. Which types of graft to use in patients with acute liver failure? (A) Auxiliary liver transplant
(B) Living donor liver transplantation (C) The whole liver. (B)
I prefer living donor liver transplantation. J Hepatol 2007; 46:
574-578
Liu CL, Fan ST, Lo CM, Yong BH, Fung AS, Wong J. Rightlobe live donor liver transplantation improves survival of
patients with acute liver failure. Br J Surg 2002; 89: 317-322
Nishizaki T, Hiroshige S, Ikegami T, Uchiyama H, Hashimoto K, Soejima Y, Shimada M. Living-donor liver transplantation for fulminant hepatic failure in adult patients
with a left-lobe graft. Surgery 2002; 131: S182-S189
Habib S, Berk B, Chang CC, Demetris AJ, Fontes P, Dvorchik I, Eghtesad B, Marcos A, Shakil AO. MELD and prediction of post-liver transplantation survival. Liver Transpl
2006; 12: 440-447
Kremers WK, van IJperen M, Kim WR, Freeman RB, Harper
AM, Kamath PS, Wiesner RH. MELD score as a predictor of
pretransplant and posttransplant survival in OPTN/UNOS
status 1 patients. Hepatology 2004; 39: 764-769
Yantorno SE, Kremers WK, Ruf AE, Trentadue JJ, Podestá
LG, Villamil FG. MELD is superior to King’s college and
Clichy’s criteria to assess prognosis in fulminant hepatic
failure. Liver Transpl 2007; 13: 822-828
Dhiman RK, Jain S, Maheshwari U, Bhalla A, Sharma N,
Ahluwalia J, Duseja A, Chawla Y. Early indicators of prognosis in fulminant hepatic failure: an assessment of the
Model for End-Stage Liver Disease (MELD) and King’s College Hospital criteria. Liver Transpl 2007; 13: 814-821

22

23

24

25

26

27

28

29

30

31
32

33

34
35

36

Yu JW, Wang GQ, Zhao YH, Sun LJ, Wang SQ, Li SC. The
MELD scoring system for predicting prognosis in patients
with severe hepatitis after plasma exchange treatment.
Hepatobiliary Pancreat Dis Int 2007; 6: 492-496
Everhart JE, Lombardero M, Detre KM, Zetterman RK, Wiesner RH, Lake JR, Hoofnagle JH. Increased waiting time for
liver transplantation results in higher mortality. Transplantation 1997; 64: 1300-1306
Testa G, Malagó M, Nadalin S, Hertl M, Lang H, Frilling
A, Broelsch CE. Right-liver living donor transplantation for
decompensated end-stage liver disease. Liver Transpl 2002; 8:
340-346
Zhang F, Wang XH, Li XC, Kong LB, Sun BC, Li GQ, Qian
XF, Cheng F, Lu S, Lü L. Adult living donor liver transplantation using right lobe for severe hepatitis in emergency: a
report of 9 cases. Zhonghua Waike Zazhi 2007; 45: 1019-1022
Soejima Y, Taketomi A, Yoshizumi T, Uchiyama H, Harada
N, Ijichi H, Yonemura Y, Shimada M, Maehara Y. Feasibility of left lobe living donor liver transplantation between
adults: an 8-year, single-center experience of 107 cases. Am J
Transplant 2006; 6: 1004-1011
Cho JY, Suh KS, Kwon CH, Yi NJ, Lee HH, Park JW, Lee
KW, Joh JW, Lee SK, Lee KU. Outcome of donors with a
remnant liver volume of less than 35% after right hepatectomy. Liver Transpl 2006; 12: 201-206
Lo CM, Fan ST, Chan JK, Wei W, Lo RJ, Lai CL. Minimum
graft volume for successful adult-to-adult living donor liver
transplantation for fulminant hepatic failure. Transplantation
1996; 62: 696-698
Hwang HJ, Kim KW, Jeong WK, Kim SY, Song GW, Hwang
S, Lee SG. Hepatic outflow obstruction at middle hepatic
vein tributaries or inferior right hepatic veins after living
donor liver transplantation with modified right lobe graft:
comparison of CT and Doppler ultrasound. AJR Am J Roentgenol 2009; 193: 745-751
Fan ST, Lo CM, Liu CL, Wang WX, Wong J. Safety and necessity of including the middle hepatic vein in the right lobe
graft in adult-to-adult live donor liver transplantation. Ann
Surg 2003; 238: 137-148
Sugawara Y, Makuuchi M, Takayama T, Imamura H,
Kaneko J, Ohkubo T. Safe donor hepatectomy for living related liver transplantation. Liver Transpl 2002; 8: 58-62
Konishi N, Ishizaki Y, Sugo H, Yoshimoto J, Miwa K, Kawasaki S. Impact of a left-lobe graft without modulation of
portal flow in adult-to-adult living donor liver transplantation. Am J Transplant 2008; 8: 170-174
Radtke A, Nadalin S, Sotiropoulos GC, Molmenti EP, Schroeder T, Valentin-Gamazo C, Lang H, Bockhorn M, Peitgen
HO, Broelsch CE, Malagó M. Computer-assisted operative
planning in adult living donor liver transplantation: a new
way to resolve the dilemma of the middle hepatic vein.
World J Surg 2007; 31: 175-185
Umeshita K, Fujiwara K, Kiyosawa K, Makuuchi M, Satomi
S, Sugimachi K, Tanaka K, Monden M. Operative morbidity
of living liver donors in Japan. Lancet 2003; 362: 687-690
Grewal HP, Thistlewaite JR, Loss GE, Fisher JS, Cronin
DC, Siegel CT, Newell KA, Bruce DS, Woodle ES, Brady L,
Kelly S, Boone P, Oswald K, Millis JM. Complications in 100
living-liver donors. Ann Surg 1998; 228: 214-219
Broering DC, Wilms C, Bok P, Fischer L, Mueller L, Hillert C, Lenk C, Kim JS, Sterneck M, Schulz KH, Krupski G,
Nierhaus A, Ameis D, Burdelski M, Rogiers X. Evolution
of donor morbidity in living related liver transplantation:
a single-center analysis of 165 cases. Ann Surg 2004; 240:
1013-1024; discussions 1024-1026
S- Editor Shi ZF

WJG|www.wjgnet.com

7241

L- Editor Ma JY E- Editor Li JY

December 28, 2012|Volume 18|Issue 48|

World J Gastroenterol 2012 December 28; 18(48): 7242-7250
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v18.i48.7242

© 2012 Baishideng. All rights reserved.

ORIGINAL ARTICLE

Highlights for α-fetoprotein in determining prognosis and
treatment monitoring for hepatocellular carcinoma
Xin-Sen Xu, Kai Qu, Chang Liu, Yue-Lang Zhang, Jun Liu, Yan-Zhou Song, Peng Zhang, Si-Nan Liu, Hu-Lin Chang
rized qualitatively. For the prognostic meta-analysis, we
undertook a series of meta-analyses that summarised
the Cox proportional hazard ratios (HRs) by assuming a
random effects model. With regards to the correlation
of AFP change with radiologic response, the categorical dichotomous variables were assessed using Poisson
relative risks (RRs), which were incorporated into the
random effects model meta-analysis of accuracy prediction. Between-study heterogeneity was estimated by use
of the I ² statistic. Publication bias was evaluated using
the Begg funnel plot and Egger plot. Sensitivity analyses
were conducted first by separating systemic treatment
estimates from locoregional therapy estimates, evaluating different AFP response cut-off point effects, and exploring the impact of different study sizes.
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RESULTS: Of 142 titles identified in our original search,
11 articles (12 clinical studies) met our criteria. Six studies investigated outcome in a total of 464 cases who
underwent systemic treatment, and six studies investigated outcome in a total of 510 patients who received
locoregional therapy. A random-effects model metaanalysis showed that AFP response was associated with
an mortality HR of 0.55 (95%CI, 0.47-0.65) across HCC
in overall survival (OS) and 0.50 (95%CI, 0.38-0.65) in
progression-free survival. Restricting analysis to the six
eligible analyses of systemic treatment, the pooled HRs
were 0.64 (95%CI, 0.53-0.77) for OS. Limiting analysis
to the six analyses of locoregional therapy, the pooled
HRs for OS was 0.39 (95%CI, 0.29-0.53). We showed
a larger pooled HR in the 50% definition studies (HR,
0.67, 95%CI, 0.55-0.83) compared with that from the
20% definition studies (HR, 0.41, 95%CI, 0.32-0.53).
Restricting analysis to the four studies including over
100 patients individually, the pooled HR was 0.65
(95%CI, 0.54-0.79), with a pooled HR for OS of 0.35
(95%CI, 0.23-0.46) in the studies of less than 100 patients. As to radiological imaging, 43.1% (155/360) of
the patients in the AFP response group presented with
a radiological overall response, while the response rate
decreased to 11.5% (36/313) in the patients from the

Abstract
AIM: To explore the prognostic value in the monitoring
of treatment efficacy of serial α-fetoprotein (AFP) in
hepatocellular carcinoma (HCC) patients.
METHODS: We searched MEDLINE, EMBASE and COCHRANE LIBRARY through April 21, 2012, to find qualifying articles. Our overall search strategy included terms
for HCC, AFP, treatment response, and prognosis. Literature was limited to English-language, human studies.
Studies reporting cumulative survival rates were summa-
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While imaging is being explored, widespread efforts
have been made to identify serological markers that predict survival and response to treatment[10], and among
which, serum α-fetoprotein (AFP) (a glycoprotein that
is expressed by HCC and secreted into the serum of
approximately 70% of patients with HCC) have been
widely studied[11,12]. In the half century after AFP was
first described, it was extensively studied as a screening
and diagnostic tool for HCC[13-15]. Although there have
been some early observational studies that have suggested that AFP trend might be useful in assessing treatment
response, until recently, there has been no clinical study
to validate the significance of serial AFP monitoring in
association with the treatment response of HCC[16,17]. In
the past few years, several studies have investigated the
role of AFP response to treatment in HCC, which mainly focused on the overall survival (OS) and progressionfree survival (PFS), and validated its correlation with radiological response. However, estimates of the prognostic value of the AFP response between studies differed
wildly. The aim of this analysis is to review published
studies that investigated the correlation between AFP
response and prognosis in HCC, and to use standard
meta-analysis techniques to summarise the accuracy of
AFP response in prediction of survival in HCC patients.

AFP nonresponse group. The RR of having no overall
response was significantly lower in the AFP response
group than the AFP nonresponse group (RR, 0.67;
95%CI, 0.61-0.75). In terms of disease control rate,
86.9% (287/330) in the AFP response group and 51.0%
(153/300) in the AFP nonresponse group showed successful disease control, respectively. The RR of disease
control failure, similarly, was significantly lower in the
AFP response group (RR, 0.37; 95%CI, 0.23-0.58). But
these ﬁndings could be overestimates because of publication and reporting bias.
CONCLUSION: HCC patients presenting with an AFP
response are at decreased risk of mortality. In addition, patients with an AFP response also present with a
higher overall response rate and disease control rate.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Study identiﬁcation
We searched MEDLINE, EMBASE, and COCHRANE
LIBRARY from inception to April 21, 2012, for articles
evaluating the AFP level and response to treatment on the
prognostic outcome in HCC patients. Our overall search
strategy included terms for HCC (e.g., hepatocellular carcinoma, liver carcinoma, liver cancer, liver malignant neoplasm), AFP (e.g., α-fetoprotein, alpha-fetoprotein, AFP),
treatment response (e.g., change, decline, response), and
prognosis (e.g., mortality, survival, recurrence). Literature
was limited to English-language, human studies. We also
searched references of included articles. Only published
studies in peer-review journals were included. Data from
review articles, case reports, abstracts, and letters were not
included.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the ﬁfth most common cancer worldwide, and as a result of the spread of
hepatitis C virus and hepatitis B virus infection during
the past century, its incidence will further increase in the
future in both Asia and in western countries[1,2]. Transarterial therapy, systemic agents, and radiofrequency
ablation remain as mainstays of treatment in advanced
HCC[3]. Conventionally, the treatment response of HCC
to systemic therapy or other nonsurgical treatment modalities is assessed by radiologic imaging using conventional criteria, such as World Health Organization (WHO)
criteria or Response Evaluation Criteria in Solid Tumors[4-6]. However, despite successful clinical correlations
for other solid tumors, these radiological response-based
criteria have been criticized for not adequately reflecting
treatment response and tumor viability for HCC. It has
constantly been observed that a small subset of HCC
patients could derive benefits from treatment despite the
absence of radiologic response[7-9]. Thus, the sole use
of radiologic criteria has underestimated the efficacy of
novel treatment in early clinical trials and the search for
better, alternative ways of assessing treatment response
continues to be important.

WJG|www.wjgnet.com

Study eligibility and selection
Studies were eligible if survival was analyzed in HCC
cases stratiﬁed by AFP response or not. To be included
in our meta-analysis, articles had to meet both of the following criteria: they reported a risk estimate [e.g., hazard
ratio (HR) or relative risk (RR) relating AFP response
to subsequent death using survival analysis regression
models], and they reported an estimate of precision, such
as a standard error or 95%CI. We also included articles
that failed to report precision directly but from which we
could reconstruct an estimate of precision using P values
and other study data[18]. Correlation of AFP change with
radiologic response was desirable, but it was not a must
(Table 1).
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Table 1 Main characteristics and results of eligible studies
Author

Year

Chen et al[21]
Chan et al[20]
Riaz et al[27]
Vora et al[29]
Shao et al[28]
Kim et al[23]
Yau et al[30]
Kao et al[22]
Lee et al[24]
Lee et al[24]
Memon et al[25]
Personeni et al[26]

2005
2009
2009
2009
2010
2011
2011
2012
2012/H
2012/C
2012
2012

Country
China
China
United States
United States
China
South Korea
China
China
South Korea
South Korea
United States
Italy

OS
PFS
Overall
Disease
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis response rate control rate
S
S
S
N/A
N/A
S
S
N/A
S
S
S
N/A

S
S
S
NS
S
S
S
S
S
S
S
S

N/A
N/A
N/A
N/A
N/A
S
S
N/A
S
S
N/A
N/A

N/A
N/A
N/A
NS
S
S
S
N/A
NS
NS
N/A
N/A

N/A
P
P
P
P
P
N/A
N/A
P
P
C
N/A

N/A
P
P
P
P
P
N/A
N/A
P
P
N/A
N/A

2012/H: Hepatic arterial infusional chemotherapy study; 2012/C: Concurrent chemoradiation therapy study; S: Significant relationship between
α-fetoprotein (AFP) response and survival; NS: No significant relationship between AFP response and survival; N/A: Not available or not applicable; P:
Directly provided by the article; C: Need to be calculated by the data provided by the article; OS: Overall survival; PFS: Progression-free survival.

Data synthesis and statistical analysis
To avoid duplicate data, we identiﬁed articles that included the same cohort of patients by reviewing inter-study
similarity in the country in which the study was done,
investigators in the study, source of patients, recruitment
period, and inclusion criteria. Early studies published as
a series of articles from the same author or institution
that contained significant overlap of patient data were
excluded and only the most recently published study containing the most up-to-date data was included. If several
estimates were reported in the same article, we chose the
most fully adjusted estimate (i.e., multivariate regression
was selected over univariate regression, which was selected over unadjusted Kaplan-Meier analysis).
For the prognostic meta-analysis, we undertook a
series of meta-analysis that summarised the HRs by assuming a random effects model. With regards to the
correlation of AFP change with radiologic response, the
categorical dichotomous variables were assessed using the
RRs, which were incorporated into the random effects
model meta-analysis of accuracy prediction. Betweenstudy heterogeneity was estimated by use of the I² statistic; typically, values above 50% are deemed to suggest
large between-study heterogeneity, values below 50% are
deemed to represent low heterogeneity. Publication bias
was evaluated using the Begg funnel plot and Egger plot.
However, these estimates can have large uncertainty, especially in the presence of few trials, and should be interpreted with caution[19].
Sensitivity analysis were conducted first by separating
systemic treatment estimates from locoregional therapy
estimates. Second, to evaluate AFP response cut-off
point effects, we calculated estimates for studies whose
AFP response was defined as 20% decline of the initial
level vs those with the AFP response definition of 50%
decline. Third, to explore the impact of study size, we
conducted sensitivity analyses by components which
included over 100 patients. Finally, we evaluated the influence of each study on the overall estimate by calculat-

WJG|www.wjgnet.com

ing a pooled HR, omitting each estimate 1 at a time. All
analysis were conducted using Stata 12 (StataCorp, College Station, Texas).

RESULTS
Eligible studies
Thirteen studies were identiﬁed that provided survival
data stratiﬁed by AFP response or not[20-32]. Two studies
were excluded from further analysis: one was excluded
because it did not provide a definite AFP response cutoff point, and extraction of survival data for the AFP
response cases and AFP nonresponse cases was not
possible, and another article, which was a letter to editor, was also excluded[31,32]. Hence a total of 11 articles
remained eligible for pooling risk estimates, reporting on
974 patients, of whom 463 had a positive AFP response.
The main characteristics and results of eligible studies
evaluating AFP response in HCC patients were summarised in Table 1.
Description of studies
Of the 11 eligible articles, all were based on retrospective
analysis of survival data with quite heterogeneity. Sample
sizes ranged from 42 to 149 patients with a median of
62 patients. Six eligible articles assessed survival in the
systemic treatment setting, with data from a total of 464
patients available for pooling (sample size range, 42 to 107
patients)[20,21,26,28-30]. In the locoregional therapy setting, five
articles were eligible, including 6 individual clinical studies, resulting in a total of 510 patients available for pooling (sample size range, 51 to 149 patients)[22-25,27]. In one
of these studies, patients were treated in the locoregional
setting either by hepatic artery infusion chemotherapy, or
concurrent chemoradiation therapy[24]. In this study, it was
possible to assess estimators of survival in the two patient
cohorts separately, and each cohort was therefore considered separately for pooling purposes. In the systemic
treatment studies, all patients received systemic regimens
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Table 2 Characteristics and demographic information of eligible studies
No. of patients
Author

Year

Treatment

HCC stage AFP change level (%) Study size
AFP response
M/F
(n = 974) (776/198) (n = 463)

Chen et al[21]
Chan et al[20]
Riaz et al[27]
Vora et al[29]
Shao et al[28]
Kim et al[23]
Yau et al[30]
Kao et al[22]
Lee et al[24]
Lee et al[24]
Memon et al[25]
Personeni et al[26]

2005
Sys/thalidomide
2009
Sys/doxorubicin or PIAF
2009
Loc/chemoembolization or radioembolization
2009
Sys/five systemic regimens
2010
Sys/Antiantiogenic agents
2011
Loc/chemoradiotherapy
2011
Sys/sorafenib
2012
Loc/radiofrequency ablation
2012/H
Loc/HAIC
2012/C
Loc/CCRT
2012
Loc/transarterialtherapy
2012
Sys/sorafenib

Ⅰ-Ⅲ
Ⅰ-Ⅲ
Ⅰ-Ⅳ
Ⅰ-Ⅲ
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Ⅱ-Ⅳ
Ⅰ-Ⅲ
Ⅲ-Ⅳ
Ⅲ-Ⅳ
Ⅰ-Ⅲ
Ⅰ-Ⅲ

50
20
50
50
20
50
20
20
20
20
50
20

42
117
125
107
72
149
41
58
60
67
51
85

33/9
104/13
91/34
78/29
65/7
127/22
36/5
34/24
49/11
55/12
30/21
74/11

10 (23.8%)
47 (40.2%)
81 (64.8%)
18 (16.8%)
12 (16.7%)
101 (67.8%)
9 (21.9%)
46 (79.3%)
25 (41.7%)
52 (77.6%)
30 (58.8%)
32 (37.6%)

Sys: System treatment; Loc: Locoregional therapy; HAIC: Hepatic artery infusion chemotherapy; CCRT: Concurrent chemoradiation therapy. 2012/H:
HAIC study of Lee et al; 2012/C: CCRT study of Lee et al; M/F: Male/female. HCC: Hepatocellular carcinoma; AFP: α-fetoprotein.

ble disease (SD) was defined as a less than 50% decrease
or not more than a 25% increase in the product of two
perpendicular diameters of the largest tumor nodule.
Progressive disease was defined as more than a 25%
increase in the product of two perpendicular diameters
for the largest tumor nodule or one of the measurable
lesions or as the appearance of new lesions. In view of
these indices, the overall response rate referred to the
total rate of CR and PR, whereas the disease control rate
was defined as the total rate of CR, PR and SD.

Table 3 Results of survival analyses related to α-fetoprotein
response
Author

Year

Chen et al[21]
Chan et al[20]
Riaz et al[27]
Vora et al[29]
Shao et al[28]
Kim et al[23]
Yau et al[30]
Kao et al[22]
Lee et al[24]
Lee et al[24]
Memon et al[25]
Personeni et al[26]

2005
2009
2009
2009
2010
2011
2011
2012
2012/H
2012/C
2012
2012

Overall survival
HR
0.242
0.412
0.371,2
0.952
0.362
0.432
0.32
0.181,2
0.432
0.332
0.142
0.522

Progression-free survival

95%CI P value HR
0.10-0.61
0.27-0.63
0.13-1.011
0.73-1.231
0.15-0.83
0.29-0.65
0.09-1.02
0.02-1.671
0.23-0.81
0.15-0.75
0.02-0.83
0.31-0.85

0.003
0.0001
0.0002
0.88
0.017
0.001
0.05
0.023
0.009
0.008
0.03
0.009

0.482
0.312
0.482
0.312
0.672
0.972
-

95%CI P value
0.15-1.451
0.14-0.67
0.33-0.70
0.13-0.76
0.35-1.27
0.42-2.25
-

0.09
0.003
0.001
0.01
0.22
0.97
-

Relationship between AFP response and OS in HCC
Of the 12 clinical studies eligible for pooling of OS data,
9 provided estimates of the HR associated with AFP response and its 95%CI[20,21,23-26,28,30]. In the remaining studies, these data points were calculated from data presented
in the articles[22,27,29]. Table 3 details the results of survival
analyses performed ineligible studies[18], and Figure 1 displays a plot of HRs and associated 95%CIs for OS from
each study. AFP response was associated with a decrease
in all-cause mortality following HCC, with a pooled HR
for OS across all studies of 0.55 (95%CI, 0.47-0.65), and
with signiﬁcant evidence of heterogeneity between the
contributing studies (I2 = 65%, P = 0.001). Evidence of
significant publication bias was observed according to
the funnel plot of lnHRs, with smaller studies showing
signiﬁcant effects[18].
Because the investigators’ approaches to adjustment
for confounding factors varied widely by study and type
of treatment, we conducted a sensitivity analysis to confirm robustness. Restricting analysis to the six eligible
analysis in which patients received systemic treatment,
the pooled HR was 0.64 (95%CI, 0.53-0.77) (I2 = 77%,
P = 0.001) for OS[20,21,26,28-30]. Limiting analysis to the six
analysis in which patients under went locoregional therapy, the pooled HR for OS was 0.39 (95%CI, 0.29-0.53) (I2
= 0%, P = 0.83)[22-25,27] (Figure 1A).
To assess the effect of cut-off point of AFP response,
HRs were pooled from particular studies that defined AFP
response as either 50% decline of initial level[21,23,25,27,29] or

1

Calculated result from data presented in article; 2Multivariate result; -:
Not performed; 2012/H: Hepatic arterial infusional chemotherapy study;
2012/C: Concurrent chemoradiation therapy study; HR: Hazard ratio;
AFP: α-fetoprotein.

(sorafenib, thalidomide, doxorubicin, etc.). In the locoregional therapy studies, chemotherapy and radiotherapy
were used. Of all the included analysis, five defined AFP
response as a 50% decline from the initial level[21,23,25,27,29],
and another seven proposed a definition of 20% decline[20,22,24,26,28,30]. Across the included studies that reported
the number of participants with AFP response, the overall
prevalence of AFP response was 47% (range, 17%-79%),
with a median sample size of 38 (range, 9 to 101). Followup time varied widely across studies, with a median of
35.3 mo (range, 4 to 100 mo) (Table 2).
With regards to radiologic response, the evaluation
criteria were based on the WHO criteria. Complete response (CR) was defined as the complete disappearance
of all known lesions on radiologic grounds. Partial response (PR) was defined as a decrease of 50% or more
in the product of two perpendicular diameters of the
largest tumor nodule for at least 4 wk without the appearance of new lesions or progression of lesions. Sta-
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A

Study
ID

Systemic treatment
Chen (2005)
Chan (2009)
Vora (2009)
Shao (2010)
Yau (2011)
Personeni (2012)
2
Subtotal (I = 76.7%, P = 0.001)
Iocoregional therapy
Riaz (2009)
Kim (2011)
Kao (2012)
Lee (2012/H)
Lee (2012/C)
Memon (2012)
2
Subtotal (I = 0.0%, P = 0.832)
Heterogeneity between groups: P = 0.006
2
Overall (I = 64.6%, P = 0.001)
0.1
0.5 1
Reduce mortality

C

Study
ID

Study size less than 100
Chen (2005)
Shao (2010)
Yau (2011)
Kao (2012)
Lee (2012/H)
Lee (2012/C)
Memon (2012)
Personeni (2012)
2
Subtotal (I = 0.0%, P = 0.727)
Study size more than 100
Chan (2009)
Riaz (2009)
Vora (2009)
Kim (2011)
2
Subtotal (I = 83.2%, P = 0.000)
Heterogeneity between groups: P = 0.003
2
Overall (I = 64.6%, P = 0.001)
0.1
0.5 1
Reduce mortality

HR (95%CI)

%
Weight

0.24 (0.10, 0.61)
0.41 (0.27, 0.63)
0.95 (0.73, 1.23)
0.36 (0.15, 0.83)
0.30 (0.09, 1.02)
0.52 (0.31, 0.85)
0.64 (0.53, 0.77)

3.13
14.24
37.56
3.49
1.73
10.05
70.21

0.37
0.43
0.18
0.43
0.33
0.14
0.39

2.43
15.70
0.52
6.45
3.95
0.74
29.79

(0.13,
(0.29,
(0.02,
(0.23,
(0.15,
(0.02,
(0.29,

1.01)
0.65)
1.67)
0.81)
0.75)
0.83)
0.53)

B

Study
ID

AFP response as 50%
Chen (2005)
Riaz (2009)
Vora (2009)
Kim (2011)
Memon (2012)
2
Subtotal (I = 80.5%, P = 0.000)
AFP response as 20%
Chan (2009)
Shao (2010)
Yau (2011)
Kao (2012)
Lee (2012/H)
Lee (2012/C)
Personeni (2012)
2
Subtotal (I = 0.0%, P = 0.918)
Heterogeneity between groups: P = 0.003
2
Overall (I = 64.6%, P = 0.001)

0.55 (0.47, 0.65) 100.00

0.1
0.5 1
Reduce mortality

10
Increase mortality

HR (95%CI)

%
Weight

0.24 (0.10, 0.61)
0.36 (0.15, 0.83)
0.30 (0.09, 1.02)
0.18 (0.02, 1.67)
0.43 (0.23, 0.81)
0.33 (0.15, 0.75)
0.14 (0.02, 0.83)
0.52 (0.31, 0.85)
0.38 (0.29, 0.51)

3.13
3.49
1.73
0.52
6.45
3.95
0.74
10.05
30.06

0.41
0.37
0.95
0.43
0.65

14.24
2.43
37.56
15.70
69.94

(0.27, 0.63)
(0.13, 1.01)
(0.73, 1.23)
(0.29, 0.65)
(0.54, 0.79)

D Study
ID

HR (95%CI)

%
Weight

0.24 (0.10, 0.61)
0.37 (0.13, 1.01)
0.95 (0.73, 1.23)
0.43 (0.29, 0.65)
0.14 (0.02, 0.83)
0.67 (0.55, 0.83)

3.13
2.43
37.56
15.70
0.74
59.56

0.41
0.36
0.30
0.18
0.43
0.33
0.52
0.41

14.24
3.49
1.73
0.52
6.45
3.95
10.05
40.44

(0.27, 0.63)
(0.15, 0.83)
(0.09, 1.02)
(0.02, 1.67)
(0.23, 0.81)
(0.15, 0.75)
(0.31, 0.85)
(0.32, 0.53)

0.55 (0.47, 0.65) 100.00
10
Increase mortality

HR (95%CI)

%
Weight

Vora (2009)

0.48 (0.15, 1.45)

5.33

Shao (2010)

0.31 (0.14, 0.67)

11.18

Kim (2011)

0.48 (0.33, 0.70)

48.47

Yau (2011)

0.31 (0.13, 0.76)

8.79

Lee (2012/H)

0.67 (0.35, 1.27)

16.50

Lee (2012/C)

0.97 (0.42, 2.25)

9.73

2

Overall (I = 13.7%, P = 0.327)
0.1
0.5
Reduce mortality

0.50 (0.38, 0.65) 100.00
1

10
Increase mortality

0.55 (0.47, 0.65) 100.00
10
Increase mortality

Figure 1 Forest plots representing hazard ratios of overall survival and progression free survival in hepatocellular carcinoma patients associated with
α-fetoprotein response. A: Subgroup analysis according to systemic treatment and locoregional therapy; B: Subgroup analysis according to α-fetoprotein (AFP) response definition of 20% decline of its initial level and 50% decline; C: Subgroup analysis according to study size larger than 100 patients and less than 100 patients; D:
Hazard ratios (HRs) of progression free survival in hepatocellular carcinoma patients associated with AFP response.

20% decline, respectively[20,22,24,26,28,30]. This demonstrated a
larger pooled HR in the 50% definition studies (HR, 0.67,
95%CI, 0.55-0.83) compared with that from the 20% definition studies (HR, 0.41, 95%CI, 0.32-0.53). In the 50%
group, there was signiﬁcant evidence of study heterogeneity (I2 = 81%, P < 0.001) (Figure 1B). This observed
increased HR of mortality in the 50% definition studies
contradicts our supposition that greater AFP response in
the patient would predict better overall survival.
Restricting analysis to the four studies including over
100 patients individually, the pooled HR was 0.65 (95%CI,
0.54-0.79), again with evidence of study heterogeneity (I2
= 83%, P = 0.003)[21,22,24-26,28,30]. The remaining eight studies
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included less than 100 patients individually, and the pooled
HR for OS was 0.35 (95%CI, 0.23-0.46), with no evidence
of heterogeneity (I2 = 0, P < 0.001)[20,23,27,29] (Figure 1C).
Finally, we excluded individual study estimates 1 at a
time to examine the influence of each study on the overall
HR. It turned out that heterogeneity was mainly from the
study by the Vora et al[29] study, that only the omission of
this study appreciably changed the pooled HR, with the
HR decreasing to 0.40 (95%CI, 0.33-0.49) and eliminating
the heterogeneity across all studies (I2 = 0, P = 0.91).
Relationship between AFP response and PFS in HCC
Only 6 of the 12 eligible analyses presented data evalu-
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Table 4 Results of overall response rate and disease control rate analysis
Author

Year
[21]

Chen et al
Chan et al[20]
Riaz et al[27]
Vora et al[29]
Shao et al[28]
Kim et al[23]
Yau et al[30]
Kao et al[22]
Lee et al[24]
Lee et al[24]
Memon et al[25]
Personeni et al[26]

Overall response rate (%)

Disease control rate (%)
1

AFP responders

AFP nonresponders

RR

46.8
43.5
25.0
33.0
44.5
36.0
36.5
36.7
-

7.1
31.6
10.0
8.0
12.5
8.6
20.0
7.7
-

0.57
0.61
0.83
0.73
0.63
0.70
0.79
0.69
-

2005
2009
2009
2009
2010
2011
2011
2012
2012/H
2012/C
2012
2012

1

AFP responders

AFP nonresponders

RR

91.5
91.3
93.8
83.0
87.1
64.0
80.8
-

41.4
68.4
56.7
35.0
58.3
45.7
66.7
-

0.15
0.22
0.14
0.26
0.50
0.66
0.58
-

1

Calculated result from data presented in article; 2012/H: Hepatic arterial infusional chemotherapy study; 2012/C: Concurrent chemoradiation therapy study; -: Not performed; AFP: α-fetoprotein; RR: Relative risk.

A

Study
ID

RR (95%CI)

%
Weight

Chan (2009)

0.57 (0.43, 0.75)

Riaz (2009)

0.61 (0.46, 0.82)

Vora (2009)

0.83 (0.61, 1.13)

11.15

Shao (2010)

0.73 (0.48, 1.09)

6.34

Kim (2011)

0.63 (0.52, 0.78)

25.03

Lee (2012/H)

0.70 (0.51, 0.96)

10.87

Lee (2012/C)

0.79 (0.57, 1.10)

9.86

Memon (2012)

0.69 (0.50, 0.94)

10.64

2

Overall (I = 0.0%, P = 0.651)

B

Study
ID

RR (95%CI)

%
Weight

13.80

Chan (2009)

0.15 (0.06, 0.38)

13.69

12.31

Riaz (2009)

0.22 (0.07, 0.65)

11.52

Vora (2009)

0.14 (0.02, 1.01)

4.75

Shao (2010)

0.26 (0.07, 0.92)

9.29

Kim (2011)

0.50 (0.30, 0.82)

24.63

Lee (2012/H)

0.66 (0.36, 1.21)

21.53

Lee (2012/C)

0.58 (0.23, 1.43)

14.60

2

Overall (I = 45.1%, P = 0.090)

0.67 (0.61, 0.75) 100.00

Note: Weights are from random effects analysis

Note: Weights are from random effects analysis
0.435
1
Favors AFP response

0.37 (0.23, 0.58) 100.00

2.3
Favors AFP nonresponse

0.0207
Favors AFP response

1

48.3
Favors AFP nonresponse

Figure 2 Forest plots representing the correlation between α-fetoprotein response and radiological response. A: Risks of no radiological response; B: Risks
of disease control failure. AFP: α-fetoprotein; RR: Relative risk.

able for assessment of PFS, and the pooled HR was 0.50
(95%CI, 0.38-0.65), with no obvious hetereogeneity (I2 =
13%, P = 0.33)[23,24,28-30]. This result should, however, be
interpreted with caution because of the small number of
contributing studies (Figure 1D).

showed successful disease control, respectively. The RR
of disease control failure, similarly, was significantly lower
in the AFP response group (RR, 0.37; 95%CI, 0.23-0.58)
(Figure 2B). No significant heterogeneity of studies was
found on these parameters (P = 0.09, I2 = 45%).

AFP response in association with radiological response
Of the 12 eligible clinical studies, 8 provided data evaluable
for assessment of radiological overall response rate[20,23-25,27-29]
and 7 reported on disease control rate[20,23,24,27-29]. A radiological response summary is presented in Table 4. Overall, 43.1% (155/360) of the patients in the AFP response
group presented the radi logical overall response, while
the response rate declined to 11.5% (36/313) in the
patients from the AFP nonresponse group. The RR of
having no overall response rate (Figure 2A) was significantly lower in the AFP response group than the AFP
nonresponse group (RR, 0.67; 95%CI, 0.61-0.75) with
no heterogeneity (P = 0.65, I2 = 0%). In terms of disease
control rate, 86.9% (287/330) in the AFP response group
and 51.0% (153/300) in the AFP nonresponse group
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DISCUSSION
Treatment response in HCC patients has been heterogeneous, with some patients showing impressive treatment effects, but others showing limited or no evidence
of response[33,34]. The hypothesis that AFP response to
treatment is a determinant of prognosis in HCC is an
attractive mechanism for explaining any inter-individual
variation in clinical outcome[35]. For patients with elevated
AFP at baseline, the AFP trend was shown to be static or
rising during the course of the disease, and a number of
patients with undetectable AFP at baseline were found
to have detectable and rising trends of AFP value upon
disease progression[17,36]. For patients who underwent partial hepatectomy, the AFP level fell rapidly and remark-
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The larger study by Vora et al[29] showed less of an effect
of AFP response on prognosis, probably due to the great
heterogeneity produced by the HCC patients selected
from the different clinical trials. Through sensitivity analysis, we found that this study was the main source of the
heteregeneity in this meta-analysis, and after the exclusion
of this study, the HR estimate decreased to 0.40 (95%CI,
0.33-0.49), as did heterogeneity (I2 = 0, P = 0.91).
Here we describe substantial inconsistency of results
on the effectiveness of AFP response to predict survival
of HCC. The main factors we identiﬁed as responsible
for these ﬁndings are: long periods of patient recruitment, which leads to heterogeneity within a study because treatment of HCC has evolved over the course of
the study; selection bias of patients because of different
treatment clinical trials included, suggesting that AFP
might be sensitive to some kinds of therapies but not
to others; and the absence of a uniform deﬁnition of
positive AFP response, leading to different results when
using different cut-off points. Moreover, variability in
the length of follow-up used to detect the events of interest also hampers comparability between studies since
risk of survival is time-dependent. Inconsistency in the
inclusion of clinical and pathological factors predicting
survival mortality as covariables in multivariate analysis
could be an additional contributing factor[41].
Notwithstanding this, the studies pooled in this metaanalysis provide data on 974 HCC cases and support the
opinion that AFP response to treatment is a determinant
of prognosis in HCC. However, multicenter prospective
studies that are better designed, with assessors blinded to
the clinical data, and homogeneous HCC cohorts analyzed
prospectively, are required to unequivocally assess the
precise prognostic effect of AFP response in the HCC.
In addition, most studies have empirically defined a 50%
drop or 20% drop as an AFP response, while it has to be
validated critically in future prospective series.

ably after removal of tumors, but this rose at the time
of recurrence[37,38]. These findings suggested that AFP
response could be potentially useful in predicting survival
and the efficacy of treatment.
The present systematic review of the literature and
meta-analysis was done to assess the impact of AFP response on HCC prognosis. Twelve eligible studies were
identiﬁed that investigated the relationship between AFP
response and prognosis in HCC. Strengths of the study
included a comprehensive, systematic review of the literature by a multidisciplinary team including specialists in
cancer, hepatology, and epidemiologic methods, thereby
avoiding selection bias on the basis of study quality.
Using these studies, pooled estimates of outcome
of HCCs expressing AFP were derived. Although our
results showed that estimates of the signiﬁcance of AFP
response varied substantially between studies, these results support the notion that in the HCC patients who
underwent systemic treatment and locoregional therapy,
AFP response is predictive for better overall survival,
with a pooled HR of 0.55 (95%CI, 0.47-0.65). In the
HCC patients, AFP response had prognostic signiﬁcance,
whether it was defined by 50% decline of its initial level
or 20% decline. This latter result, however, contradicted
our supposition that greater AFP response should be associated with better survival, which was probably due to
the individual differences from different clinical trials, and
the small number of contributing studies. AFP response
also seems to predict better PFS, with a pooled HR of
0.50 (95%CI, 0.38-0.65). However, this result should be
interpreted with caution considering the small number
of contributing studies. Our findings suggest that AFP
response has a strong correlation with radiological response. When compared with the AFP nonresponse
group, there were significant trends toward higher overall
response rates (RR, 0.67; 95%CI, 0.61-0.75) and disease
control rates (RR, 0.37; 95%CI, 0.23-0.58) in the AFP
response group.
Although our results showed that HCCs expressing AFP response to treatment seem to be associated
with a better prognosis, one caveat to this conclusion is
publication bias, which is a major concern in all forms
of meta-analysis, as smaller studies showing no statistically significant effects are more likely to remain unpublished[39,40]. Indeed, it is not unusual for small, early
studies to report a positive relationship or large effect
that subsequent much larger studies fail to replicate. In
the present study, there was some evidence for publication bias in the AFP response, and the risks calculated in
our meta-analysis could be overestimates as a result of
publication and reporting bias[41]. Furthermore, advanced
tumors were over-represented in the studies, given that
they constituted approximately 64% of all HCC.
Heterogeneity between studies may represent a further
potential source of bias in our analysis. The importance
of heterogeneity between studies on summary estimates
of HRs was carefully assessed. Although no attempt was
made in our meta-analysis to quality-score reports[42,43],
it is clear that the design of some studies is not optimal.
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Background

Conventionally, the treatment response of hepatocellular carcinoma (HCC) to
systemic therapy or other nonsurgical treatment modalities is assessed by radiologic imaging using conventional criteria, such as World Health Organization
criteria or Response Evaluation Criteria in Solid Tumors. However, despite successful clinical correlations for other solid tumors, these radiological responsebased criteria have been criticized for not adequately reflecting treatment
response and tumor viability for HCC.

Research frontiers

In the half century after α-fetoprotein (AFP) was first described, it was extensively studied as a screening and diagnostic tool for HCC. Although there have
been some early observational studies that suggested that AFP trend might be
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useful in assessing treatment response, until recently, there has been no clinical study to validate the significance of serial AFP monitoring in association with
treatment response of HCC.

Innovations and breakthroughs

This is the first attempt to systemically review the prognostic value of AFP
response world wide. A total of 11 articles and 974 cases of HCC patients
were collected from the international literature and evaluated for clinical and
biochemical features such as AFP response. This study results revealed that
AFP response was associated with a decreased mortality across HCC in overall
survival and progression-free survival, respectively. As to radiological imaging,
when compared with the AFP nonresponse patients, there were significant
trends toward higher overall response rates and disease control rates in the
AFP response patients.

11
12
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Applications

14

The study results suggest that the AFP is a potentially monitoring serum index
and the AFP response to treatment could be used for monitoring treatment efficacy and determining the prognosis of HCC patients. In addition, the results
demonstrate that AFP could also make up for the drawbacks of imaging and is
able to aid radiological tools in the monitoring of prognosis and treatment.

15

Terminology

AFP, which is a glycoprotein that is secreted into the serum of approximately
70% of patients with HCC, has potential values in monitoring of prognosis and
treatment for HCC. AFP response, that AFP level would reduce during treatment of HCC patients, was defined as 20% or 50% decline of the initial level by
most studies.

16

Peer review

17

The authors provide results of a meta-analysis, with this manuscript, on level
changes of circulating AFP in HCC patients receiving local and systemic therapies, and gave some reasonable comments and proposals for further validation
of the results from literature. The analysis is of importance for prognosis assessment and evaluation of different therapies. A multi-center study is needed
for further confirmation.
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Single nucleotide polymorphisms in the CDH17 gene of
colorectal carcinoma
Ren-Yin Chen, Juan-Juan Cao, Juan Chen, Jian-Ping Yang, Xiao-Bo Liu, Guo-Qiang Zhao, Yu-Feng Zhang
December 2009 and August 2010. The genomic DNA of
these peripheral venous blood samples were extracted
and purified using a Fermentas Genomic DNA Purification Kit (Fermentas, CA) according to the manufacturer’
s protocol. The single nucleotide polymorphisms (SNPs)
of the liver-intestine cadherin (CDH17 ) gene c.343A>G
and c.2216A>C were determined by the polymerase
chain reaction-single strand conformation polymorphism
method (PCR-SSCP) in 93 peripheral venous blood samples from patients suffering with colorectal carcinoma.
Typical samples that showed different migration bands
in SSCP were confirmed by sequencing. Directed DNA
sequencing was used to check the correctness of the
genotype results from the PCR-SSCP method.
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RESULTS: There was a significant association between
the c.2216 A>C SNPs of the CDH17 gene and the
tumor-node-metastasis (TNM) grade, as well as with
lymph node status, in 93 peripheral venous blood samples from colorectal carcinoma patients. The genotype
frequencies of A/C, A/A, and C/C were 12.90%, 33.33%
and 53.76%, respectively. There was a significant correlation between lymph node metastasis, TNM grade, and
the genotype distribution (P < 0.05). The C/C genotype
raised the risk of lymph node metastasis and the TNM
grade. There was a significant difference in the TNM
grade and lymph node metastasis between the A/A and
C/C genotypes (P = 0.003 and P = 0.013, respectively).
Patients with colorectal carcinoma carrying the C allele
tended to have a higher risk of lymph node metastasis
and have a higher TNM grade. The difference between
the TNM grades, as well as the lymph node metastasis
of the two alleles, was statistically significant (P < 0.01).

Abstract
AIM: To investigate the relationship between c.343A>G
and c.2216A>C polymorphism sites in the CDH17 gene
and colorectal carcinoma.

CONCLUSION: The SNPs of the CDH17 gene c.2216
A>C might be clinically important in the prognosis of
colorectal carcinoma.

METHODS: Ninety-three non-consanguineous colorectal carcinoma patients admitted to the Department of
Oncology at the First Affiliated Hospital of Zhengzhou
University were included in this study. Ninety-three peripheral venous blood samples, of approximately one
milliliter from each patient, were collected between
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The CDH17 gene is a member of the cadherin superfamily; genes encoding calcium-dependent, membraneassociated glycoproteins. The human CDH17 gene located
on chromosome 8q22.1 has eighteen exons and encodes
liver-intestine cadherin (LI-cadherin) protein (also known
as cadherin-17). LI-cadherin is a structurally unique member of the cadherin superfamily[7]. In contrast to classic
cadherins, such as E- and N-cadherin, the extracellular
domain of LI-cadherin consists of seven, instead of the
usual five, structurally defined cadherin repeats. Its cytoplasmic domain is also small, comprising only 20 amino
acids without a β-catenin binding region, and exhibits
no homology with the corresponding region of classic
cadherins, which consists of 150-160 amino acids. LIcadherin is also known to possess biological functions
distinct from classic cadherins. The adhesive function
of LI-cadherin is independent of any interaction with
cytoplasmic components, such as catenins or the actin cytoskeleton, although in E-cadherin this function crucially
depends on the formation of a cadherin-catenin complex
and anchorage to the actin cytoskeleton[8,9]. The mechanism responsible for the regulation and function of this
cadherin has been elucidated. Expression of LI-cadherin
has been reported in gastric adenocarcinoma of the intestinal type and colorectal carcinoma[10,11]. In colorectal carcinoma, LI-cadherin expression has been reported in welldifferentiated carcinoma, but not in poorly-differentiated
carcinoma. It has been found that reduced expression of
LI-cadherin is closely associated with tumor progression
and lymph node metastasis of human colorectal carcinoma[12]. However, the detailed clinicopathologic significance
of LI-cadherin has not been elucidated.
In this study, through a PubMed, Embase, Google
Scholar, CBMdisc and CNKI SNPs search, we found
that for the CDH17 gene c.343A>G and c.2216A>C, the
SNPs gene phenotype is A/G and the gene frequency
phenotype is about 50%. We detected the SNPs of the
CDH17 gene c.343A>G and c.2216A>C by polymerase
chain reaction-single strand conformation polymorphism
method (PCR-SSCP), and directed sequencing in colorectal carcinoma patients. We then analyzed the distribution frequencies of the genotypes and alleles of the two
polymorphism sites. To evaluate the role of CDH17 gene
polymorphisms in colorectal tumor aggressiveness, the
associations between genotype and clinicopathologic parameters were also analyzed.

intestine cadherin; Colorectal carcinoma; Polymerase
chain reaction-single strand conformation polymorphism
method
Peer reviewer: Jian-Yuan Chai, PhD, Director of the Laboratory of GI Injury and Cancer, Research Scientist of Department
of Veterans Affairs, Assistant Professor of University of California, 5901 E. 7th St, Long Beach, CA 90822, United States
Chen RY, Cao JJ, Chen J, Yang JP, Liu XB, Zhao GQ, Zhang YF.
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Available from: URL: http://www.wjgnet.com/1007-9327/full/
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INTRODUCTION
Colorectal carcinoma (CRC) has traditionally been one of
the four cancers with the highest mortality worldwide, but
the incidence was relatively low historically in Asian populations. However, the prevalence of colorectal neoplasms
has increased by 2- to 4-fold in some developed Asian
countries, including China, Japan, South Korea and Singapore in the past few decades, due to changes in dietary
habits and lifestyle, as well as certain genetic factors of
Asian populations[1]. The etiology of CRC is multifactor,
involving hereditary causes, environmental factors, and
somatogenic changes occurring during tumor progression.
At present, the assured mechanism of the occurrence and
development of colorectal carcinoma is still unknown.
While several aspects of colorectal carcinoma have been
investigated, CRCs can be parsimoniously subdivided
into two major groups defined by the genetic pathways
involved[2]. Its correlation with single nucleotide polymorphisms (SNPs) remains largely unknown.
SNPs are the most common type of genomic sequence variation[3], and are thought to be associated with
population diversity, susceptibility to disease, and individual response to drug treatments. Many SNPs are silent, with
no direct effect on the gene products but, by virtue of the
linkage disequilibrium existing across the human genome,
they can still be used as genetic markers to locate adjacent
functional variants that contribute to diseases. Foreseeable
common SNP discoveries may not permit the identification of the small subset of patients that contain most
cancers[4]. SNPs may also have functional consequences
if they directly affect the coding or regulatory (usually
promoter) regions of a gene. There have been cumulative
studies on the associations between cancer risk and SNPs
in selected candidate genes; to date, numerous SNPs associated with susceptibility to both cancer types have
been identified, but their effect on disease risk may differ
among populations[5], and such information may shed
light on the molecular and genetic basis of the polygenic
nature of cancer. These SNPs may be used as surrogate
biomarkers of the genetic background of CRC patients,
to predict therapeutic response and prognosis[6].

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients, blood sample source and storage
Ninety-three patients undergoing curative surgery for
colorectal cancer at the First Affiliated Hospital of Zhengzhou University were included in this study after giving
their informed consent. Peripheral blood samples were
collected in ethylenediaminetetraacetic acid-containing
tubes between December 2009 and August 2010 from
these patients. All samples were immediately placed in refrigeratory conditions and stored at 4 ℃ until they could
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Table 1 Primer sequences and fragment sizes of polymerase chain reaction products
Gene

SNPs site (refSNP )

Primer sequence(5’-3’)

Fragment sizes of PCR products (bp)

CDH17

c.343A>G (rs2243518)

Forward primer: CCAACATGGTTTCCTTTTCCTC
Reverse primer: GTTCTGCCTTACTGAGCCTTCG
Forward primer: AATCCAGGGTCTGAAGTTGTA
Reverse primer: TACTAGCCTGAGTTGCCTATA

159

c.2216A>C (rs1051624)

198

SNPs: Single nucleotide polymorphisms; PCR: Polymerase chain reaction.

Statistical analysis
Statistical analysis was performed using SPSS for Windows version 17.0. Differences in allele and genotype frequencies were evaluated by the χ 2 or Fisher exact test. We
used logistic regression models to calculate χ 2 tests for genotypic and allelic association and odds ratios (OR) with
their 95%CI. Association between each of the SNPs and
clinicopathological parameters was assessed using the χ 2
test. To study correlation between clinical parameters and
genotypes of the CDH17 gene c.343A>G and c.2216A>C
polymorphisms in multivariate mode we used binary
logistic regression, with each parameter as a dependent
variable, and genotypes of the two studied SNPs together
with other clinical parameters as independent variables.
Differences in ordered categorical data were evaluated
for significance with the rank sum test; the mean ranks
were used to express risk degree. The Holm-Bonferroni
method was used for multiple comparisons. A P value of
≤ 0.05 was considered statistically significant.

be further processed.
DNA isolation
Genomic DNA was extracted using a Fermentas Genomic DNA Purification Kit (Fermentas, CA) according
to the manufacturer’s protocol. The amount of isolated
DNA was determined spectrophotometrically.
Primer synthesis
Primer sequences for the CDH17 gene c.343A>G and
c.2216A>C were synthesized by Shanghai Sangon Biological Engineering Technology and Services Co. Ltd
(Table 1).
PCR-SSCP analysis and sequencing of the CDH17 gene
c.343A>G and c.2216A>C
The fragments encompassing the CDH17 gene c.343A>G
and c.2216A>C were amplified by PCR. The twenty microlitre PCR amplification reaction system contained <
1 μg template DNA, 10 μL of 2 × Taq PCR Master Mix
[Tiangen Biotech (Beijing) Co., Ltd.], 0.4 μL of forward
and reverse primers (10 μmol/L), and 3.2 μL of double
distilled water. PCR reaction conditions were as follows:
initial denaturation at 94 ℃ for 5 min, followed by 35
cycles of denaturation at 94 ℃ for 30 s, annealing for 30
s and extension at 72 ℃ for 1 min, and a final extension
at 72 ℃ for 10 min, with preservation being carried out
at 4 ℃. After 2.0% agarose gel electrophoresis (containing Evans blue dye), PCR products were observed by a
gel imaging instrument. Fragment sizes of PCR products
were 159 bp and 198 bp, respectively, and indicated with
DL100 DNA Marker.
The amplified products were denatured in 95% formamide at 95 ℃ for 10 min, and analyzed on 12% polyacrylamide gels at 160 V for 15 min and 30 V for 6-8 h in
1 × Tris-Borate-EDTA buffer at normal body temperature. A modified silver staining method was applied for
visualization. Briefly, the gels were soaked in 10% ethanol
and 0.5% acetic acid for 10 min, then transferred to 0.2%
AgNO3 solution for 10 min and washed with distilled water three times. The staining reaction was developed with
the use of 3% NaOH and 0.25% formaldehyde, and the
gels were fixed in 10% ethanol and 0.5% acetic acid. Staining reactions were promoted by gentle shaking.
The detection of SSCP analysis was performed.
Samples showing an altered mobility pattern were then
subjected to sequencing analysis by Shanghai Sangon Biological Engineering Technology and Services Co. Ltd.
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RESULTS
Clinicopathologic parameters in colorectal carcinomas
The characteristics of 93 patients with colorectal carcinoma are given in Tables 2 and 3. Of the 93 patients,
49% (46/93) were female and 51% (47/93) were male.
The mean age of the female patients (the mean ± SD
deviation was 56.41 ± 14.91 years) did not differ significantly from that of the males (the mean ± SD deviation
was 58.19 ± 11.60 years).
PCR products of CDH17
The PCR-SSCP analysis generated two fragments as expected; 159bp for c.343A>G, and 198bp for c.2216A>C
(Figure 1).
The correlation between the genotype of the CDH17
gene c.343A>G and clinicopathologic parameters in
colorectal carcinomas
The genotype of the CDH17 gene c.343A>G: The
genotype frequencies of the CDH17 gene c.343A>G A/A,
A/G, and G/G were 27.96% (26/93), 47.31% (44/93),
and 24.73% (23/93), respectively. The frequencies of the
A allele and G allele were 51.61% and 48.39%, respectively.
The correlation between the genotype of the CDH17
gene c.343A>G and clinicopathologic parameters:
There were no significant differences in gender, age, tu-
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Table 2 The correlation between the genotype of CDH17
gene c.343A>G and clinicopathologic parameters in colorectal carcinomas n (%)
Clinicopathologic
parameters

Genotype

n

Gender
Male
47
Female
46
Age (yr)
< 50
29
64
≥ 50
Tumor location
Colon
32
Rectum
61
Tumor size (cm)
<5
68
25
≥5
Macroscopic appearance
Protrude type
31
Ulcer type
46
Infiltrating type
16
Colloid type
0
Histologic type
Adenocarcinoma
71
Adenocarcinoma and 9
mucinous carcinoma
Mucinous carcinoma 13
Undifferentiated
0
carcinoma
Adenosquamous
0
carcinoma
Squamous cell
0
carcinoma
Invasion depth
Submucosa
2
Muscular layer
34
Serous coat
48
Other organs
9
Differentiation degree
Well-differentiated
4
Moderately63
differentiated
Poorly-differentiated 26
Lymph node metastasis
No
59
Yes
34
TNM grade
26
Ⅰ
31
Ⅱ
33
Ⅲ
3
Ⅳ
Hematogenous metastasis
No
90
Yes
3
Recurrence
No
91
Yes
2

CDH17 c.343A>G
A/A

A/G

G/G

χ2

Table 3 The correlation between the genotype of CDH17
gene c.2216A>C and clinicopathologic parameters in
colorectal carcinomas n (%)

P

Clinicopathologic
parameters

value

10 (34.5) 15 (51.7) 4 (13.8) 2.854 0.240
16 (25)
29 (45.3) 19 (29.7)
8 (25.0) 16 (50.0) 8 (25.0) 0.229 0.892
18 (29.5) 28 (45.9) 15 (24.6)
18 (26.5) 34 (50.0) 16 (23.5) 0.734 0.693
8 (32.0) 10 (40.0) 7 (28.0)
6 (19.4) 1.948 0.7451

12 (26.1) 21 (45.7) 13 (28.3)
6 (37.5) 6 (37.5) 4 (25.0)
0 (0.0)
0 (0.0)
0 (0.0)
18 (25.4) 34 (47.9) 19 (26.8) 2.179 0.7031
4 (44.4) 3 (33.3) 2 (22.2)
4 (30.8)
0 (0.0)

7 (53.8)
0 (0.0)

2 (15.4)
0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)
2 (100.0)
12 (35.3) 15 (44.1)
12 (25)
21 (43.8)
2 (22.2) 6 (66.7)

0 (0.0) 0.696 0.7062
7 (20.6)
15 (31.3)
1 (11.1)

0 (0.0)
2 (50.0) 2 (50.0) 2.212 0.3312
17 (27.0) 33 (52.4) 13 (20.6)
9 (34.6)

9 (34.6)

8 (30.8)

16 (27.1) 35 (59.3) 8 (13.6) 13.105 0.0013
10 (29.4) 9 (26.5) 15 (44.1)
8 (30.8) 16 (61.5) 2 (7.7) 10.344 0.0062,3
7 (22.6) 18 (58.1) 6 (19.4)
9 (27.3) 9 (27.3) 15 (45.5)
2 (66.7) 1 (33.3) 0 (0.0)
24 (26.7) 43 (47.8) 23 (25.6) 2.556 0.2791
2 (66.7) 1 (33.3) 0 (0.0)
24 (26.4) 44 (48.4) 23 (25.3) 5.267 0.0721
2 (100.0) 0 (0.0)
0 (0.0)

The Fisher’s Exact Test; 2The Kruskal-Wallis Test; 3Statistically significant.

CDH17 c.2216A>G
A/A

Gender
Male
47
Female
46
Age (yr)
< 50
29
64
≥ 50
Tumor location
Colon
32
Rectum
61
Tumor size (cm)
<5
68
25
≥5
Macroscopic appearance
Protrude type
31
Ulcer type
46
Infiltrating type
16
Colloid type
0
Histologic type
Adenocarcinoma
71
Adenocarcinoma and 9
mucinous carcinoma
Mucinous carcinoma 13
Undifferentiated
0
carcinoma
Adenosquamous
0
carcinoma
Squamous cell
0
carcinoma
Invasion depth
Submucosa
2
Muscular layer
34
Serous coat
48
Other organs
9
Differentiation degree
Well-differentiated
4
Moderately63
differentiated
Poorly-differentiated 26
Lymph node metastasis
No
59
Yes
34
TNM grade
26
Ⅰ
31
Ⅱ
33
Ⅲ
3
Ⅳ
Hematogenous metastasis
No
90
Yes
3
Recurrence
No
91
Yes
2

10 (21.3) 25 (53.2) 12 (25.5) 2.236 0.327
16 (34.8) 19 (41.3) 11 (23.9)

8 (25.8) 17 (54.8)

Genotype

n

A/C

P value

C/C

20 (42.6)
11 (23.9)

5 (10.6) 22 (46.8)
7 (15.2) 28 (60.9)

3.656 0.161

6 (20.7)
25 (39.1)

5 (17.2) 18 (62.1)
7 (10.9) 32 (50.0)

3.176 0.204

10 (31.3)
21 (34.4)

6 (18.8) 16 (50.0)
6 (9.8) 34 (55.7)

1.485 0.476

25 (36.8)
6 (24.0)

5 (7.4) 38 (55.9)
7 (28.0) 12 (48.0)

7.144 0.0283

11 (35.5)
16 (34.8)
4 (25.0)
0 (0.0)

4 (12.9)
5 (10.9)
3 (18.8)
0 (0.0)

16 (51.6)
25 (54.3)
9 (56.3)
0 (0.0)

1.025 0.9061

23 (32.4) 10 (14.1) 38 (53.5)
4 (44.4) 0 (0.0) 5 (55.6)

1.684 0.7941

4 (30.8)
0 (0.0)

2 (15.4) 7 (53.8)
0 (0.0) 0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

2 (100.0)
12 (35.3)
14 (29.2)
3 (33.3)

0 (0.0)
4 (11.8)
5 (10.4)
3 (33.3)

0 (0.0)
18 (52.9)
29 (60.4)
3 (33.3)

0 (0.0)
24 (38.1)

0 (0.0) 4 (100.0) 0.090 0.9562
9 (14.3) 30 (47.6)

7 (26.9)

1.610 0.4472

3 (11.5) 16 (61.5)

25 (42.4) 10 (16.9) 24 (40.7) 11.143 0.0043
6 (17.6) 2 (5.9) 26 (76.5)
12 (46.2)
12 (38.7)
6 (18.2)
1 (33.3)

4 (15.4)
5 (16.1)
2 (6.1)
1 (33.3)

10 (38.5)
14 (45.2)
25 (75.8)
1 (33.3)

6.710 0.0352,3

30 (33.3) 11 (12.2) 49 (54.4)
1 (33.3) 1 (33.3) 1 (33.3)

1.243 0.5371

29 (31.9) 12 (13.2) 50 (54.9)
2 (100.0) 0 (0.0) 0 (0.0)

4.088 0.1301

1

1

mor location, tumor size, macroscopic appearance, histologic type, invasion depth, differentiation, hematogenous
metastasis, or recurrence among the three genotypes of
the CDH17 gene c.343A>G (P > 0.05). However, there
was a significant correlation between lymph node metastasis and tumor-node-metastasis (TNM) grade, and its

genotype frequencies (P < 0.05) (Table 1).
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χ2

The Fisher’s Exact Test; 2The Kruskal-Wallis Test; 3Statistically significant.

The sequencing analysis: The detection of SSCP analysis was performed. Samples showing an altered mobility
pattern were then subjected to sequencing analysis by
Shanghai Sangon Biological Engineering Technology and
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A
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100 bp

Figure 1 Polymerase chain reaction amplification of CDH17 gene c.343A>G
(the upper) and c.2216A>C (the lower) from genomic DNA of colorectal carcinoma. Lane M: Marker; Lane 1-6: Samples.

B
Table 4 The correlation between the genotype and allele
frequencies of CDH17 gene c.343A>G and lymph node
metastasis n (%)
Lymph node metastasis
Genotype
A/G
A/A
G/G
Allele frequency
A
G

A/A genotype

A G A G T T T G A G G A G A G G G A G T A T G T C

OR (95%CI)

No

Yes

35 (59.3)
16 (27.1)
8 (13.6)

9 (26.5)
10 (29.4)
15 (44.1)

1.000 (reference)
2.431 (0.828-7.139)
7.292 (2.360-22.532)

67 (56.8)
51 (43.2)

29 (42.6)
39 (57.4)

1.000 (reference)
1.767 (0.967-3.229)

A/C genotype
A G A G T T T G A G G A G A G G G A G T A T G T C

OR: Odds ratios.

Services Co. Ltd (Figure 2).

C/C genotype
A G A G T T T G A G G A G A G G G C G   T A T G T C

The correlation between the genotype of the CDH17
gene c.343A>G and lymph node metastasis: The results of logistic regression analysis are shown in Table 4,
and indicate that the G/G genotype of the CDH17 gene
c.343A>G raised the risk of lymph node metastasis (OR
of genotype G/G, genotype A/A to genotype A/G were
7.292 and 2.431, respectively). The results of multiple
comparisons by the Holm-Bonferroni method (α’ = 0.017)
were as follows: P value was 0.102 when genotype A/A
was compared with genotype A/G; P value was 0.062
when genotype A/A was compared with genotype G/G;
P value was 0.000 when genotype A/G was compared
with genotype G/G. This indicates that there was a significant difference in lymph node metastasis between the
A/G and G/G genotypes.
The CDH17 gene c.343A>G site allele G raised the
risk of lymph node metastasis (OR of allele G to allele

WJG|www.wjgnet.com

Figure 2 The sequence results of CDH17 gene c.343A>G (A) and CDH17
gene c.2216A>C (B). A: The upper homozygous genotype (A/A); The middle
heterozygous genotype (A/G); The lower homozygous genotype (G/G); Arrow
head: Point mutations of CDH17 gene c.343A>G; B: The upper homozygous
genotype (A/A); The middle heterozygous genotype (A/C); The lower homozygous genotype (C/C); Arrow head: Point mutations of CDH17 gene c.2216A>C.

A was 1.767) (Table 4). However, a χ 2 test showed that
the difference between the lymph node metastasis of the
two alleles was not statistically significant (χ 2 = 3.450; df
= 1; P = 0.063).
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Table 5 The correlation between the genotype and allele
frequency of CDH17 gene c.343A>G and tumor-nodemetastasis grade n (%)
TNM grade
Ⅰ
Genotype
A/G
A/A
G/G
Allele frequency
A
G

Ⅱ

Ⅲ

Ⅳ

Table 6 The correlation between the genotype and allele
frequency of CDH17 gene c.2216A>C and lymph node
metastasis n (%)
Lymph node metastasis

Mean rank

16 (61.5) 18 (58.1) 9 (27.3)
8 (30.8) 7 (22.6) 9 (27.3)
2 (7.7)
6 (19.4) 15 (45.5)

1 (33.3)
2 (66.7)
0 (0.0)

39.32
48.15
60.39

32 (61.5) 32 (51.6) 27 (40.9)
20 (38.5) 30 (48.4) 39 (59.1)

5 (83.3)
1 (16.7)

87.71
99.68

Genotype
A/C
A/A
C/C
Allele frequency
A
C

OR (95%CI)

No

Yes

10 (16.9)
25 (42.4)
24 (40.7)

2 (5.9)
6 (17.6)
26 (76.5)

1.000 (reference)
1.200 (0.206-6.977)
5.417 (1.076-27.272)

60 (50.8)
58 (49.2)

14 (20.6)
54 (79.4)

1.000 (reference)
3.990 (2.002-7.953)

TNM: Tumor-node-metastasis.

OD: Odds ratio.

The correlation between the genotype of the CDH17
gene c.343A>G and TNM grade: The results of the
Kruskal-Wallis test are shown in Table 5. It revealed that
the CDH17 gene c.343A>G genotype G/G raised the
risk of TNM grade (the mean ranks of A/G, A/A and
G/G genotype were 39.32, 48.15 and 60.39, respectively).
The results of multiple comparisons by the Holm-Bonferroni method (α’ = 0.017) were as follows: P value was 0.197
when genotype A/A was compared with genotype A/G;
P value was 0.127 when genotype A/A was compared
with genotype G/G; P value was 0.001 when genotype A/
G was compared with genotype G/G. This suggests that
there was a significant difference in TNM grade between
the A/G and G/G genotypes.

test indicate that there was a significant correlation between tumor size and the genotype of the CDH17 gene
c.2216A>C. However, the results of multiple comparisons
by the Holm-Bonferroni method (α’ = 0.017) suggest that
there was no significant difference in tumor size between
any of its genotypes (P value was 0.018 when genotype
A/A was compared with genotype A/C; P value was 0.625
when genotype A/A was compared with genotype C/C; P
value was 0.027 when genotype A/C was compared with
genotype C/C).
The correlation between the genotype of the CDH17
gene c.2216A>C and lymph node metastasis: The results of logistic regression analysis are shown in Table 6,
and indicate that the C/C genotype of the CDH17 gene
c.2216A>C raised the risk of lymph node metastasis (OR
of genotype C/C, genotype A/A to genotype A/C were
5.417 and 1.200, respectively). The results of multiple
comparisons by the Holm-Bonferroni method (α’ = 0.017)
were as follows: P value was 0.067 when genotype A/A
was compared with genotype A/C; P value was 0.003
when genotype A/A was compared with genotype C/C; P
value was 0.027 when genotype A/C was compared with
genotype C/C. This indicates that there was a significant
difference in lymph node metastasis between the A/A and
C/C genotypes.
CDH17 gene c.2216A>C site allele C raised the risk
of lymph node metastasis (OR of allele C to allele A was
3.990) (Table 6). The χ 2 test showed that the difference
between the lymph node metastasis of the two alleles was
statistically significant (χ 2 = 16.488; df = 1; P = 0.000).

The correlation between the genotype of CDH17
gene c.2216A>C and clinicopathologic parameters in
colorectal carcinomas
The genotype of the CDH17 gene c.2216A>C: The
genotype frequencies of the CDH17 gene c.2216A>C
A/C, A/A, and C/C were 12.90% (12/93), 33.33%
(31/93), and 53.76% (50/93), respectively. The frequencies of the A allele and C allele were 39.78% and 60.22%,
respectively.
The allele G raised the risk of TNM grade (the mean
ranks of allele A and allele G were 87.71 and 99.68, respectively) (Table 5). However, the Kruskal-Wallis test
showed that the difference between the TNM grade of
the two alleles was not statistically significant (H = 2.561;
df = 1; P = 0.110).
The correlation between the genotype of the CDH17
gene c.2216A>C and clinicopathologic parameters:
There was no significant difference in gender, age, tumor
location, macroscopic appearance, histologic type, invasion depth, differentiation, hematogenous metastasis, or
recurrence among the three genotypes of the CDH17 gene
c.2216A>C (P > 0.05). However, there was a significant
correlation between tumor size, lymph node metastasis, and
TNM grade, and its genotype frequencies (P < 0.05) (Table 3).

The correlation between the genotype of the CDH17
gene c.2216A>C and TNM grade: The results of the
Kruskal-Wallis test are shown in Table 7, and reveal that
the CDH17 gene c.2216A>C genotype C/C raised the
risk of TNM grade (the mean ranks of the A/A, A/C,
and C/C genotype were 38.77, 42.00 and 53.30, respectively). The results of multiple comparisons by the HolmBonferroni method (α’ = 0.017) were as follows: P value
was 0.718 when genotype A/A was compared with genotype A/C; P value was 0.013 when genotype A/A was
compared with genotype C/C; P value was 0.168 when
genotype A/C was compared with genotype C/C. This

The correlation between the genotype of the CDH17
gene c.2216A>C and tumor size: The results of the χ 2
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Li-cadherin, participates in the multiple steps of invasion
and metastasis in LoVo colorectal cancer cells[23].
This observation was further supported by a study
using high density DNA microarrays to identify differentially-expressed genes in advanced stages of gastric
cancer, in which an upregulation of CDH17 was found
among genes associated with cell adhesion, cell cycle,
cellular motility, and DNA synthesis[24]. Unlike normal
gastric tissues, LI-cadherin is found scattered throughout
the healthy human pancreas. Less LI-cadherin is expressed in poorly-differentiated tumor tissues of ductal
adenocarcinoma of the pancreas, and this low level of
LI-cadherin is correlated with advanced stages of the
cancer. When LI-cadherin is used as a prognostic biomarker, the survival time is longer for those patients with
LI-cadherin-positive tumors when compared with those
having LI-cadherin-negative tumors [25]. In the midst
of identifying new target for HCC detection and treatment, LI-cadherin is likely an attractive candidate[26]. The
elevated level of LI-cadherin in tumors is correlated to
high serum alpha-fetoprotein level, tumor invasion, and
advanced stage tumor, associating with poor prognosis,
of HCC patients. For primary colorectal carcinoma, the
expression of LI-cadherin is diminished in tumor tissues. Clinically, this low level of LI-cadherin is correlated
to dedifferentiation of tumors, tumor invasion, and late
tumor stages. However, significant differences in the survival of cancer patients have not been found, irrespective of whether the expressions of LI-cadherin are low
or high. In addition, a negligible level of LI-cadherin has
been documented in several colorectal cancer cell lines
when compared with those in normal colonic mucosal
cells[27]. This observation is further supported by a separate study showing a reduced expression of LI-cadherin
in cancer tissues and such expression was correlated with
dedifferentiation of tumors and poor survival of patients[28]. But Gröne et al[29] study showed CDH17 protein
and gene expression analyses do not support application
of molecular classifiers for prediction of clinical outcome in current routine diagnostic as a basis for patientorientated therapy in stage Union for International Cancer Control Ⅱ colon cancer. Further studies are needed
to develop prognosis signatures applicable in patient
care. Despite these findings, LI-cadherin was found present in colorectal adenocarcinoma in a separate study[30].

Table 7 The correlation between the genotype and allele
frequency of CDH17 gene c.2216A>C and tumor-nodemetastasis grade n (%)
TNM grade
Ⅰ
Genotype
A/C
A/A
C/C
Allele frequency
A
C

Ⅱ

Ⅲ

Ⅳ

Mean rank

4 (15.4) 5 (16.1) 2 (6.1)
12 (46.2) 12 (38.7) 6 (18.2)
10 (38.5) 14 (45.2) 25 (75.8)

1 (33.3)
1 (33.3)
1 (33.3)

42
38.77
53.3

28 (53.8) 29 (46.8) 14 (21.2)
24 (46.2) 33 (53.2) 52 (78.8)

3 (50.0)
3 (50.0)

78.09
103.68

TNM: Tumor-node-metastasis.

suggests that there was a significant difference in TNM
grade between the A/A and C/C genotypes.
The Kruskal-Wallis test showed that allele C raised the
risk of TNM grade (the mean ranks of allele A and allele
C were 78.09 and 103.68, respectively) (Table 7). The difference between the TNM grade of the two alleles was
statistically significant (H = 11.225; df = 1; P = 0.001).

DISCUSSION
CDH17 is a marker for the diagnosis of adenocarcinomas
of the digestive system
Cancer is a complex disease where genetic mutations,
rearrangement, deletions, or gene polymorphisms may
affect not only cancer development, but also cancer progression and, as a result, could influence cancer phenotypes[13,14]. The CDH17 gene is located on chromosome
8q22.1 and encodes LI-cadherin. LI-cadherin, belonging
to a subclass of the 7D-cadherin superfamily, is present
in the fetal liver and gastrointestinal tract during embryogenesis, but the gene becomes silenced in healthy
adult liver and stomach tissues. It functions as a peptide
transporter and cell adhesion molecule to maintain tissue
integrity in epithelia. However, recent findings have reported aberrant expression of LI-cadherin in major gastrointestinal malignancies, including hepatocellular carcinoma (HCC), stomach and colorectal cancers, and its
clinical association with tumor metastasis and advanced
tumor stages [15,16]. LI-cadherin manifests distinct and
unique roles in tumorigenesis originating from different
organs. In the epithelium of the healthy human stomach,
the level of LI-cadherin expression is negligible, whereas
an overexpression of this molecule is observed frequently in gastric carcinoma [17-19]. When the transcriptome
of gastric cancer was studied by serial analysis of gene
expression, LI-cadherin was found associating with an
intestinal type of gastric cancer[20]. In addition, high tumoral LI-cadherin levels tend to correlate with advanced
stages of gastric cancer, and are associated with a poor
prognosis and lymph node metastasis[21,22]. That silencing Li-cadherin has positive actions in the processes of
LoVo cell invasion and metastasis, and the interactions
among matrix metalloproteinase (MMP)-2, MMP-9, and

WJG|www.wjgnet.com

The SNPs in c.343A>C and c.2216A>C polymorphism
sites of CDH17 gene
In this study we investigated the SNPs in c.343A>C and
c.2216A>C polymorphism sites of CDH17 gene and
the associations between genotype of them and clinicopathologic parameters were also analyzed to evaluate the
role of SNPs in colorectal tumor aggressiveness. The
possibility that different genetic polymorphisms in the
CDH17 gene may regulate, at least in part, LI-cadherin
expression and/or activity, is an attractive hypothesis
that may help to identify patients who are susceptible to
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colorectal carcinoma.
There have been many studies on the associations
between cancer risk and SNPs. But the associations between CDH17 gene SNPs in c.343A>C and c.2216A>C
polymorphism sites and colorectal carcinoma risk have
not been reported.

12.90%, 33.33% and 53.76%, respectively. The frequencies of the A allele and C allele were 39.78% and 60.22%,
respectively. According to the SNP database (rs1051624),
the frequency of the C allele in our population is higher
than that in Europeans (58.3%). In comparison, its reported frequency in African-American and Asians is
23.9% and 58.3%, respectively. There were no significant
difference in gender, age, tumor location, macroscopic
appearance, histologic type, invasion depth, differentiation, hematogenous metastasis, and recurrence among the
genotype distribution (P > 0.05). But there were a significant correlation between tumor size, lymph node metastasis and TNM grade and the genotype distribution (P <
0.05). Firstly, the results of χ 2 test indicate that there was
a significant correlation between tumor size and the genotype distribution. But the results of multiple comparison
by Holm-Bonferroni (α’ = 0.017) suggest that there were
no significant difference in tumor size between any two
genotypes (P > 0.017). But Kwak et al[31] study showed
that reduced expression of liver intestine-cadherin had a
significant correlation with tumoral dedifferentiation and
short overall survival in this series. In addition, early and
frequent loss of liver intestine-cadherin expression might
be a more sensitive indicator than E-cadherin to predict
more aggressive tumoral behavior. Secondly, the results
of logistic regression analysis indicate that the C/C genotype raised risk of lymph node metastasis (OR of genotype C/C, genotype A/A to genotype A/C were 5.417
and 1.200, respectively). And the results of multiple comparison by Holm-Bonferroni (α’ = 0.017) indicate that
there was a significant difference in lymph node metastasis between the A/A and C/C genotype (P = 0.003). And
patients with colorectal carcinoma carrying the C allele
tended to have a higher risk of lymph node metastasis (OR
of allele C to allele A was 3.990). The χ 2 test showed
that the difference between the lymph node metastasis
of two alleles was statistically significant (χ 2 = 16.488; df
= 1; P = 0.000). Lastly, the results of Kruskal-Wallis test
revealed that genotype C/C raised risk of TNM grade (the
mean ranks of A/A, A/C and C/C genotype were 38.77,
42.00 and 53.30, respectively). And the results of multiple
comparison by Holm-Bonferroni (α’ = 0.017) suggest
that there was a significant difference in TNM grade between the A/A and C/C genotypes (P = 0.013). Patients
with colorectal carcinoma carrying the C allele tended
to have a higher TNM grade (the mean ranks of allele
A and allele C were 78.09 and 103.68, respectively). And
the difference between the TNM grade of two alleles was
statistically significant (H = 11.225; df = 1; P = 0.001).
SNPs of the CDH17 gene c.2216A>C and lymph node
metastasis deserve further consideration in future studies
as a clinical indicator during presurgical evaluation. And
we found here patients with colorectal carcinoma carrying the C allele tended to have a higher TNM grade. This
suggests that this SNPs would be a good predictor of
lymph node status and TNM grade prior to surgical intervention and thereby provides an indicator for deciding

The missense substitution (c.343A>G) mapped
In our study, the first missense substitution (c.343A>G)
mapped to the amino acid position 115 and was responsible for the amino acid change of 115 Glu with
Lys. The genotype frequencies of A/A, A/G and G/G
were 27.96%, 47.31% and 24.73%, respectively. The frequencies of the A allele and G allele were 51.61% and
48.39%, respectively. According to the SNP database
(rs2243518), the frequency of the G allele in our population is lower than that in Europeans (84.2%). In comparison, its reported frequency in Sub-Saharan African
and Asians is 95.8% and 56.7%, respectively. There were
no significant difference in gender, age, tumor location,
tumor size, macroscopic appearance, histologic type,
invasion depth, differentiation, hematogenous metastasis, and recurrence among the genotype distribution (P
> 0.05). But we found a significant correlation between
the genotype distribution and lymph node metastasis
and TNM grade (P < 0.05). The results of logistic regression analysis indicate that the G/G genotype raised
risk of lymph node metastasis (OR of genotype G/G,
genotype A/A to genotype A/G were 7.292 and 2.431,
respectively). The results of multiple comparison by
Holm-Bonferroni (α’ = 0.017) indicate that there was a
significant difference in lymph node metastasis between
the A/G and G/G genotypes (P = 0.000). And patients
with colorectal carcinoma carrying the G allele tended to
have a higher risk of lymph node metastasis (OR of allele G to allele A was 1.767). But χ 2 test showed that the
difference between the lymph node metastasis of two
alleles was not statistically significant (χ 2 = 3.450; df =
1; P = 0.063). In addition, the results of Kruskal-Wallis
revealed that the genotype G/G raised risk of TNM
grade (the mean ranks of A/G, A/A and G/G genotype
were 39.32, 48.15 and 60.39, respectively). And the results of multiple comparison by Bonferroni (α’ = 0.017)
suggest that there was a significant difference in TNM
grade between the A/G and G/G genotypes (P = 0.001).
Patients with colorectal carcinoma carrying the G allele
tended to have a higher TNM grade (the mean ranks of
allele A and allele G were 87.71 and 99.68, respectively).
But the Kruskal-Wallis test showed that the difference
between the TNM grade of two alleles was not statistically significant (H = 2.561; df = 1; P = 0.110).
SNP (c.2216A>C) mapped to the amino acid
The second SNP we investigate here (c.2216A>C)
mapped to the amino acid position 739 and was responsible for the amino acid change of 739 Ala with Glu.
The genotype frequencies of A/C, A/A and C/C were
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between TNM grades as well as with lymph node metastasis and C/C genotype of CDH17 gene c.2216A>C was
found. And patients with colorectal carcinoma carrying
the C allele tended to have a higher risk of lymph node
metastasis and a higher TNM grade, suggesting that this
polymorphism might be clinically important in prognosis.
Validation and functional studies are needed to assess the
significance of these associations in clinical practice.

whether chemotherapy should be given or not.
CDH17 mRNA is alternatively spliced to produce two
variant transcripts
It has been reported[32] that CDH17 mRNA is alternatively spliced to produce at least two variant transcripts,
one of which was with exon 7 skipping and another with
both exon 6 and exon 7 skipped. The consequences of
both splicing patterns would introduce premature translational stop codon in the reading frame, thereby producing either nonfunctional protein or potentially dominant
negative protein. And CDH17 aberrant splicing was
highly associated with tumor dissemination and shorter
survival of HCC patients. It has been showed that aberrant mRNA splicing of the CDH17 gene in liver tissues
was triggered by the specific constellation of two CDH17
single nucleotide polymorphisms (651T and IVS6 +
35G). And the functional T-G haplotype of CDH17
(651C>T and IVS6 + 35A>G) is a genetic susceptibility
factor for the development of HCC in a Chinese population[33]. CDH17 becomes an attractive target for HCC
therapy[16]. And it has been proposed that LI-cadherin is
a useful immunohistochemical marker for diagnosis of
adenocarcinomas of the digestive system[25] and CDH17
may be an oncogene up-regulating invasive feature of
gastric cancer cells and could be a hopeful target for
the control of gastric cancer progression[34]. Moreover,
it has been revealed that LI-cadherin participates in
the multiple steps of invasion and metastasis in LoVo
colorectal cancer cells[35,36]. In our study we investigated
the SNPs in c.343A>C and c.2216A>C polymorphism
sites of CDH17 gene. The c.343A>G polymorphism site
mapped to the amino acid position 115 and was responsible for the amino acid change of 115 Glu with Lys. The
c.2216A>C polymorphism site mapped to the amino
acid position 739 and was responsible for the amino acid
change of 739 Ala with Glu. We found that patients with
colorectal carcinoma carrying the C allele of c.2216A>C
tended to have a higher risk of lymph node metastasis
and a higher TNM grade. The reason is possible that the
SNPs of the c.2216A>C cause the amino acid change
and result in the LI-cadherin expression and/or activity
changes. The polymorphism of c.343A>G also causes
the amino acid change. But there is no significant difference between c.343A>G SNPs and TNM grade as well
as lymph node metastasis between the A and G alleles.
It is possibly because that the CDH17 mRNA is spliced
with the polymorphism site skipped (exon 6).
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Background

Colorectal carcinoma (CRC) has been the fourth place of common cancer
incidence rate in the China. The etiology of CRC is multifactorial, involving
hereditary causes, environmental factors, and somatogenic changes occurring
during tumor progression. The single nucleotide polymorphisms (SNPs), as the
third generation of heredity markers, are the most common type of genomic sequence variations, which are thought to be associated with population diversity,
susceptibility to diseases, and individual response to drug treatments. It has
become one of the hot spots in research. There have been cumulative studies on the associations between disease risk and SNPs in selected candidate
genes.CDH17 gene, also known as cadherin-17 and liver-intestine cadherin (LIcadherin), is a member of the cadherin superfamily, genes encoding calciumdependent, membrane-associated glycoproteins. The human CDH17 gene
located on chromosome 8q22.1 has eighteen exons and encodes LI-cadherin
protein. There has been found that reduced expression of LI-cadherin protein
is closely associated with tumor progression and lymph node metastasis of human colorectal carcinoma.

Research frontiers

At present, the research of relation between CDH17 gene SNPs and diseases
are relatively less at home and abroad. In this study, authors detected the genotype of the CDH17 gene c.343A>G and c.2216A>C SNPs sites by the polymerase chain reaction-single strand conformation polymorphism and directed
DNA sequencing in ninety-three colorectal carcinoma patients. The objective of
this study is to analyze the phenotype and distribution frequencies of genotype
and allele of the CDH17 gene c.343A>G and c.2216A>C polymorphism sites
and to evaluate the correlation between the two polymorphism sites of CDH17
gene and tumor occurrence and development as well as clinicopathologic parameters of colorectal carcinoma.

Innovations and breakthroughs

A significant association was found between c.2216A>C
SNPs of CDH17 gene (rs1051624) and TNM grade as well
as with lymph node status
In summary, in a Chinese Han colorectal carcinoma patient population of Henan province, a significant association was found between c.2216A>C SNPs of CDH17
gene (rs1051624) and TNM grade as well as with lymph
node status. With logistic regression analysis a correlation
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There were no significant difference in gender, age, tumor location, tumor size,
macroscopic appearance, histologic type, invasion depth, differentiation, hematogenous metastasis, and recurrence among the genotypes of CDH17 gene
c.343A>G. But there were a significant correlation between lymph node metastasis and Tumor-node-metastasis (TNM) grade and the genotype frequencies
of it. Colorectal carcinoma patients carrying the G/G genotype have a higher
risk of lymph node metastasis and a higher TNM grade compared with those
carrying A/G genotype. There were no significant difference in gender, age,
tumor location, tumor size, macroscopic appearance, histologic type, invasion
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depth, differentiation, hematogenous metastasis, and recurrence among the
genotypes of CDH17 gene c.2216A>C. But there were a significant correlation
between lymph node metastasis and TNM grade and the genotype frequencies
of it. The C/C genotype and C allele of this SNPs site might be a risk factor for
a higher risk of lymph node metastasis and a higher TNM grade of colorectal
carcinoma patient.

14

Applications

15

The SNPs of CDH17 gene c.2216 A>C might be clinically important in prognosis of colorectal carcinoma.

Peer review

The study analyzed polymorphisms of CDH17 gene in blood samples collected
from 93 colorectal carcinoma patients and found a strong association between
c.2216A>C and TNM grade of the cancer, suggesting a potential value of using
this gene as a prognostic marker of colorectal carcinoma. This is an interesting
study.
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ORIGINAL ARTICLE

Notch2 regulates matrix metallopeptidase 9 via PI3K/AKT
signaling in human gastric carcinoma cell MKN-45
Ling-Yun Guo, Yu-Min Li, Liang Qiao, Tao Liu, Yuan-Yuan Du, Jun-Qiang Zhang, Wen-Ting He, Yong-Xun Zhao,
Dong-Qiang He
small interfering RNA (siRNA) transfected cell line using the MKN-45 gastric cancer cell line. After the successful transfection confirmed by real-time reverse
transcription-polymerase chain reaction (RT-PCR) and
Western blotting, migration and invasion assays were
employed to evaluate the aggressiveness of the gastric
cancer. RT-PCR and Western blottings were employed
to confirm the down-regulation of Notch2 and to evaluate the expression of epithelial mesenchymal transition-related gene matrix metallopeptidase 9 (MMP9),
Akt, p-Akt. To confirm the relationship between PI3KAkt and MMP9, the PI3K inhibitor LY294002 was used
to treat MKN-45 cells.
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AIM: To clarify the role of activated Notch2 in the invasiveness of gastric cancer.

RESULTS: Notch2 expression was dramatically decreased after Notch2 siRNA transfection (100.00% ±
9.74% vs 11.61% ± 3.85%, P < 0.01 by qRT-PCR).
There was also a marked reduction of Notch target gene
Hes1 (100.00% ± 4.74% vs 61.61% ± 3.58%, P < 0.05)
at the mRNA, indicating an inhibition of Notch signaling. Inhibition of Notch signaling was also confirmed
by the marked reduction of Notch2 intracellular domain
at the protein levels (100.00% ± 9.74% vs 65.61% ±
7.58%, P < 0.05). Down-regulation of Notch2 by siRNA
enhanced tumor cell invasion (100.00% ± 21.64% vs
162.22% ± 16.84%, P < 0.05) and expression of MMP9
(1.56 fold, P < 0.05), and activated the pro-MMP9 protein to its active form (1.48 fold, P < 0.05). There was
no significant difference in the protein levels of Akt between the two groups (100.00% ± 10.87% vs 96.61%
± 7.33%, P > 0.05), while down-regulation of Notch2
elevated p-Akt expression (100.00% ± 9.87% vs
154.61% ± 13.10%, P < 0.05). Furthermore, p-Akt and
MMP9 was down-regulated in response to the inhibitor
LY294002 (p-Akt 100.00% ± 8.87% vs 58.27% ± 5.01%,
P < 0.05; MMP9 100.00% ± 9.17% vs 50.03% ± 4.88%,
P < 0.05).

METHODS: To investigate the invasiveness of silencing Notch2 gene expression, we established a Notch2

CONCLUSION: Notch2 may negatively regulate cell
invasion by inhibiting the PI3K-Akt signaling pathway

Abstract
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Recently, Notch signaling pathway was found to be involved in the acquisition of EMT in both physiological
and pathological processes[8]. However, how Notch signaling regulates EMT is largely unknown.
The Notch pathway includes a conserved family of
transmembrane receptors (Notch1-4) that interact with
a number of speciﬁc ligands (DLL1, DLL3, DLL4, Jagged1 and Jagged2) to regulate cell fate. Notch signaling
initiates following the binding of the Notch ligands to
the Notch receptors, causing an enzymatic cleavage of
Notch receptors by γ-secretase to release the intracellular
domain of the Notch receptor (NICD). NICD is the active form of Notch receptors which can translocate into
the nucleus, where it assembles a large transcriptional
activation complex that interacts with the conserved
transcription factor CSL [CBF-1, Su (H) and Lag-2],
and then activates the transcription of CSL-dependent
downstream targets[9]. Many target genes of Notch signaling have been identiﬁed in various cell contexts, but
the Hairy/Enhancer of Split (Hes) family of basic helixloop-helix (bHLH) proteins are believed to be the direct
Notch targets, including Hes1 and Hey1. Among the
Notch signaling genes, Notch2 appears to function as a
biological antagonist for Notch1 in many cancers, such
as breast cancer[10], colorectal cancer[11], malignant mesothelioma[12], multiple myeloma[13], and embryonal brain
tumors[14]. Although major advances have been made in
the understanding of the opposite effects of Notch2
and Notch1 in cancer development, the exact molecular
mechanisms underlying a biological interaction between
Notch1 and Notch2 remain unclear, and few studies
have been done on the possible relationship between
Notch1 and Notch2 in gastric cancer.
Notch2 signal pathway plays a potential oncogenic
role in several malignancies, such as hematologic malignancies including multiple myeloma[15], B cell chronic
lymphocytic leukemia, and B cell and T cell acute lymphoblastic leukemia [16,17], and solid tumors including
glioblastoma[18], and colon cancer[19]. It also plays a tumor
suppressive role in some solid tumors, such as breast
cancer[20], and small cell lung cancer[21,22]. In gastric cancer, Notch2 has been proved to be overexpressed by Sun
et al[23] and He[24].
In this study, we aimed to address whether Notch2
is also involved in control of gastric cancer progression
and investigate the effects of Notch2 signaling on gastric
cancer aggressiveness.

in gastric cancer.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gastric carcinoma is one of the most common malignancies and one of the most important causes of the
cancer-related death worldwide[1]. Most of the current
available therapeutic methods for advanced gastric cancer, such as chemotherapy and chemoembolization, are
less optimal, thus the prognosis of gastric cancer is rather poor. This is largely attributed to a lack of complete
understanding of the exact cause and mechanisms for
this malignancy. Hence, identification of critical molecular pathways of gastric cancer development would greatly facilitate the development of more effective therapies.
Notch signaling pathway is involved in several cellular
processes, such as proliferation, differentiation, apoptosis, cell fate decision, and maintenance of stem cells[2-5].
It also plays an important role in the control of tumorigenesis. Activated Notch receptor can be oncogenic or
tumor suppressive depending on the tumor type and
cellular context[6]. However, the mechanisms by which
Notch signaling activates or suppresses tumorigenesis
remain unclear. Recently, activation of Notch signaling
pathway has been found to stimulate tumorigenesis via
regulating epithelial mesenchymal transition (EMT)[7] .
EMT is a unique process by which epithelial cells
undergo remarkable morphologic changes characterized
by a transition from epithelial cobblestone phenotype
to mesenchymal phenotype leading to increased motility
and invasion[4]. During the acquisition of EMT characteristics, epithelial cells loose cell-cell junction, which is
associated with actin cytoskeleton reorganization, expression of proteins that promote cell-cell contact, and
appearance of the expression of mesenchymal markers.
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MATERIALS AND METHODS
Cell culture and transfections
Human gastric cancer cell line MKN-45 (Cell Collection
of the Chinese Academy of Sciences, Shanghai, China)
was cultured in RPMI 1640 (HyClone Laboratories Inc.,
Logan, United States) supplemented with 10% fetal bovine serum (HyClone Laboratories Inc., Logan, United
States), 100 U/mL penicillin and streptomycin, in a 5%
CO2 atmosphere at 37 ℃.
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Small interfering RNA knockdown of Notch2
MKN-45 cells were transfected with small interfering
RNA (siRNA) against Notch2 and scrambled siRNA
(Santa Cruz Biotechnology, CA, United States) constructs using the commercial transfection reagent (Santa
Cruz Biotechnology, CA, United States) according to the
manufacturer’s instructions. Following transfection, cells
were incubated at 37 ℃ in a CO2 incubator for 48 h before being harvested for the assays described below.

Table 1 Primer sequences used for the real-time polymerase
chain reaction analysis
Primer

Anti-sense (5’-3’)

CCTGGGCTATACTACACCCTGATAGCCTGGGAGGGAGCTACTG
CAC
MMP9
ACGCACGACGTCTTC- CCACCTGGTTCAACTCACTCC
CAGTA
Hes1
AGCGGGCGCAGATGAC CGTTCATGCACTCGCTGAA
GAPDH GCACCGTCAAGGCTTGGTGAAGACGCCAGTGGA
GAGAAC

Real-time quantitative reverse transcription-polymerase
chain reaction analysis for gene expression
Total RNA was isolated by the RNAiso plus reagent
(TaKaRa Biotechnology Co., Dalian, China) and then
reverse transcribed into complimentary DNA (cDNA)
using the Primescript™ reverse transcription Master
Mix (TaKaRa Biotechnology Co., Dalian, China) according to manufacturer’s instructions. Reverse transcription
reaction was performed at 37 ℃ for 15 min followed by
85 ℃ for 5 s. The primers used in the polymerase chain
reaction (PCR) reactions are described in Table 1. One
mL of reverse transcription reaction product was used
for quantitative reverse transcription-PCR (qPCR) reaction in a total volume of 20 μL. The qPCR cycles were
as follows: 95 ℃ for 30 s, followed by 40 cycles of 95 ℃
for 5 s and 60 ℃ for 34 s. PCR amplifications were undertaken with the Applied Biosystems 7500/7500 Fast
Real-Time PCR Software (Applied Biosystems, CA,
Unite States) using the SYBR ® Premix Ex Taq™ Ⅱ
(TaKaRa Biotechnology Co., Dalian, China). Data were
analyzed according to the comparative Ct method and
were normalized to glyceraldehyde-3-phosphate dehydrogenase expression in each sample. All qPCR assays
were performed in triplicate.

MMP9: Matrix metallopeptidase 9; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase.

for three times, the membranes were incubated with horseradish peroxidase-conjugated anti-rabbit or anti-mouse
IgG (Zhongshan Golden Bridge Biotech, Beijing, China)
(1:10 000) for 1 h at room temperature. The protein
bands were detected using the Super Signal West Pico
Chemiluminescent Substrate (Thermo Fisher Scientific
Inc., Rockford, IL, United States) and imaged using a
VersaDoc Imaging System (Bio-Rad Laboratories Co.,
Ltd. Hercules, CA, United States). Densitometric analysis
was performed using Quantity One Software v4.62 (BioRad Laboratories Co., Ltd. Hercules, CA, United States)
and the results were presented as the mean of three independent experiments.
Migration and invasion assays in vitro
The effects of Notch2 siRNA on the migratory and invasive abilities of MKN-45 cells were assayed in 24-well
plates using relevant kits (BD Biosciences, United States).
Approximately 3 × 104 cells were seeded for the 12 h
migration assay, and 3 × 105 cells for the 24 h invasion
assay and the invasive activity of the Notch-2 siRNAtransfected MKN-45 cells was tested using BD Falcon™
Cell culture inserts coated with BD Matrigel™ Basement
Membrane Matrix (BD Biosciences, United States). Briefly, transfected MKN-45 cells were resuspended in serumfree medium and seeded into the upper chamber of the
assay system. The bottom wells of the system were filled
with complete growth medium. After 12 and 24 h incubation, the migrated and invaded cells were washed twice
with ice-cold PBS and then ﬁxed with 4% paraformaldehyde for 15 min and stained with methyl violet (0.01% v/v)
for 30 min. The numbers of migrated or invaded cells
were then counted from 5 random ﬁelds under 200 and
400 magniﬁcation.

Protein extraction and Western blotting analysis
Total protein was extracted from the treated cells using
RIPA lysis buffer (Beyotime Biotechnology, Haimen,
China) supplemented with 1 mmol/L phenylmethanesulfonyl fluoride. The protein concentration was measured
by BCA protein assay system (Beyotime Biotechnology,
Haimen, China). Total proteins (40-50 μg) were separated
by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred onto polyvinylideneﬂuoride
(PVDF) membranes. The blots were blocked with
5% skim milk in Tris buffered saline containing 0.1%
Tween-20 (TBST) for 2 h at room temperature, incubated
with primary antibodies against N2ICD (Abcam Inc.,
Cambridge, United Kingdom) (1:1000), Hes1 (Abcam
Inc., Cambridge, United Kingdom) (1:500), matrix metallopeptidase 9 (MMP9) (Abcam Inc., Cambridge, United
Kingdom) (1:1000), Akt (Cell Signaling Technology, Inc.,
Danvers, MA, United States) (1:1000), and p-Akt (Cell
Signaling Technology, Inc., Danvers, MA, United States)
(1:1000). β-actin (Zhongshan Golden Bridge Biotech,
Beijing, China) (1:10 000) was used as a loading control.
The membranes were reacted with respective primary
antibodies overnight at 4 ℃. After being washed in TBST

WJG|www.wjgnet.com

Sense (5’-3’)

Notch2

MMP9 activity assay
The culture media from Notch2 siRNA- and scrambled
siRNA-transfected MKN-45 cells grown in 6-well plates
were collected, spun at 12 000 × g for 10 min at 4 ℃
to remove cell debris, and the supernatant collected for
MMP9 assay using a commercial enzyme-linked immunosorbent assay kits (RD Systems, Inc., Minneapolis,
MN) according to the manufacturer’s instructions.
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Figure 1 Verification of successful transfection and knockdown of Notch2. aP < 0.05, bP < 0.01 vs the Mock or Scra groups. Scra: Scrambled small interfering
RNA (siRNA); qPCR: Quantitative reverse transcription polymerase chain reaction.

Statistical analysis
Data analysis was performed using SPSS19. 0 (IBM, Armonk, New York, United States) and displayed using Sigma
Plot10. 0 (Systat Software Inc, San Jose, CA, United States).
Comparison of the differences between the groups was
performed using a one-way analysis of variance followed
by the Bonferroni correction. All data were expressed as
the mean ± SD. A P value of < 0.05 was considered statistically significant.

(> 90%) at mRNA (Figure 1B) and protein (Figure 1C
and D) levels, there was a marked reduction of Notch target gene Hes1 at the mRNA (Figure 1E), indicating an inhibition of Notch signaling. Inhibition of Notch signaling
was also confirmed by the marked reduction of Notch2
intracellular domain (N2ICD) at the mRNA (Figure 1D)
and protein (Figure 1C) levels.
In the cells with confirmed knockdown of Notch2,
the ability of cells to migrate and invade was evaluated
as described in the “Materials and Methods”. MKN-45
cells with Notch2 knockdown showed an increased cell
migration (Figure 2B and E) compared with the cells
transfected with scrambled siRNA (Scra, Figure 2A and E).
Similarly, MKN-45 cells with Notch2 knockdown showed
an increased cell invasion (Figure 2D and F) compared
with the cells transfected with scrambled siRNA (Scra,

RESULTS
Knockdown of Notch2 enhanced the migration and invasion of MKN-45 cells
After successful transfection of Notch2 siRNA into MKN45 cells (Figure 1A) and a marked knockdown of Notch2

WJG|www.wjgnet.com
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Figure 2 Knockdown of Notch2 led
to an increased migration and invasion of MKN-45 cells. Cells were transfected with scrambled small interfering
RNA (siRNA) (Scra, A, C) or Notch2
siRNA (B, D) for 48 h, and the effect
of the migration (A, B, E) and invasion
(C, D, F) were assayed as described in
“Materials and Methods”. The number
of migrated cells or invaded cells were
quantitated (E, F). aP < 0.05 vs the Scra
groups. A, B, ×200; C, D, ×400.
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Effect of Notch2 knockdown on the expression of PI3K/
Akt pathway in MKN-45 cells
In order to elucidate the mechanisms of Notch2 mediated alteration in MMP9, we measured the expression
of PI3K downstream target Akt in the MKN-45 cells
transfected with or without Notch2 siRNA. Knockdown
of Notch2 by siRNA increased the Akt phosphorylation
(Figure 4A and B). Blocking the PI3K/Akt pathway by
PI3K inhibitor LY294002 resulted in a reduced expression of MMP9 (Figure 4C and D).

Figure 2C and F).
Knockdown of Notch2 enhanced the expression and
activity of MMP9 in MKN-45 cells
Tumor metastasis occurs by a series of steps, including
cell invasion, degradation of basement membranes, and
the stromal extracellular matrix, ultimately leading to tumor cell invasion and metastasis. The MMPs are a family of related enzymes that degrade extracellular matrix,
which are considered to be important factors in facilitating tumor invasion and metastasis. Among these MMPs,
MMP9 is considered an important factor involved in the
degradation of basement membrane collagen in facilitating invasion and metastases in gastric cancer. Knockdown of Notch2 in MKN-45 cells markedly enhanced
the expression of MMP9 at mRNA (Figure 3A) and protein (Figure 3B and C) levels. Additionally, knockdown
of Notch2 led to a 1.48-fold increase in MMP9 activity
(Figure 3D).
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Notch2 siRNA

DISCUSSION
Aberrant expression of Notch pathway has been found
in a variety of human cancers, including cancers of
breast, brain, cervix, lung, colon, head and neck, kidney,
bone marrow, lymph nodes and stomach[25-27]. Abnormal
Notch signaling is also linked to EMT. Notch signaling is known to suppress apoptosis and promote cell
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Figure 3 Knockdown of Notch2 enhanced the expression and activity of matrix metallopeptidase 9. The small interfering RNA (siRNA) mediated knockdown of
Notch2 (A) and Notch2 intracellular domain (N2ICD) (B, C) was associated with a marked increase in the expression (A, B, C) and activity (D) of matrix metallopeptidase 9 (MMP9). aP < 0.05, bP < 0.01 vs the blank control groups. qPCR: Quantitative reverse transcription polymerase chain reaction.

role of MMP9 in the development of gastric cancer has
been reported and the expression of metalloproteinase-9
or its inhibitor is related to a more aggressive phenotype
of gastric cancer or correlated with lymph node metastasis in advanced gastric carcinoma[35,43], but how MMP9 is
regulated in gastric cancer is unclear.
Based on our study, we propose that physiological
cellular level of Notch2 may be required for the maintenance of normal MMP9 function. Reduced Notch2 may
enhance the proliferative and invasive potential of cancer cells, likely through activation of PI3K/Akt pathway
and ensuing increase in MMP9 activities. In this perspective, Notch2 appears to function as a tumor suppressor
gene in gastric cancer.
Here, we showed that the facilitation of MMP9 expression by down-regulation of Notch2 may be mediated
by the up-regulation of p-Akt. Thus, these results suggest
that up-regulation of Notch2 could potentiate the antitumor and anti-metastasis activities partly through the
up-regulation of MMP expression. Because we observed
that down-regulation of Notch2 promoted MMP9 expression, we tested the effects of Notch2 on the invasion
of MKN-45 cells. We found that down-regulation of
Notch2 promoted the invasion of MKN-45 cells. These
results were consistent with MMP9 data, showing that
down-regulation of Notch2 could promote cancer cell
invasion partly through up-regulation of MMP9. On the
basis of our results, we propose a hypothetical pathway
by which Notch2 may inhibit invasion of MKN-45 cells,
partly through PI3K-Akt signaling pathway.

proliferation through a growth factor-mediated survival
pathway[28-30]. However, the precise role and mechanism
of Notch for tumor invasion remains unclear. In this
study, we found that siRNA mediated down-regulation
of Notch2 in gastric cancer cells could (1) increase tumor cell invasion; (2) enhance MMP9 expression and its
activities; and (3) promote the phosphorylation of PI3K
pathway as demonstrated by increased p-Akt level.
Tumor metastasis occurs via a series of steps, including cell invasion, degradation of basement membranes
and the stromal extracellular matrix, ultimately leading to
tumor cell invasion and metastasis. The MMPs are a family of related enzymes that degrade extracellular matrix,
which are considered to be important factors in facilitating
tumor invasion and metastasis[31-33]. Among these MMPs,
MMP9 has been considered an important factor involved
in the degradation of basement membrane collagen in
facilitating invasion and metastases in gastric cancer[34,35].
MMP9 is a downstream target for PI3K/Akt pathway,
which is an important signaling pathway in controlling cell
proliferation[36,37]. In physiological circumstances, MMP9
plays an important role in tissue remodeling associated
with various physiological and pathological processes such
as morphogenesis, angiogenesis, tissue repair, cirrhosis, arthritis, and metastasis[38]. MMP9 is required for maintaining normal tissue structure and epithelial integrity. Under
pathological conditions, particularly in various cancers,
abnormal expression and activity of MMP9 have been
reported[34,39-42]. Abnormal function of MMP9 is linked
to tumor cell migration, invasion and metastasis[35,39]. The
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Figure 4 Knockdown of Notch2 enhanced the expression of matrix metallopeptidase 9 via increased phosphorylation of p-Akt in MKN-45 cells. A, B:
Knockdown of Notch2 led to an increased phosphorylation of Akt (p-Akt); C, D: Blockade of PI3K/Akt pathway by LY294002 (20 μmol/L) abolished the effect of Notch
small interfering RNA (siRNA) in Akt phosphorylation and matrix metallopeptidase 9 (MMP9). aP < 0.05 vs the all control groups. DMSO: Dimethyl sulfoxide.

Notch has been reported to cross-talk with other major
cell growth and apoptotic regulatory pathways, including
the PI3K-Akt pathway[44]. Hyperactivation of PI3K/Akt
pathway has previously been observed in human gastric
cancer[45]. It has recently been shown that activation of
Notch1 enhanced the survival of melanoma cells[29] and
leukemia cells via activation of the PI3/Akt pathway[46]. In
our study, down-regulation of Notch2 by siRNA led to the
activation of PI3K/Akt pathway, which is associated with
an increased expression and function of MMP9, suggesting that Notch2 can regulate MMP9 via PI3K/Akt pathway
and increased Akt phosphorylation. Interestingly, we also
observed that inactivation of Akt by LY294002 eliminated
Akt phosphorylation and MMP9 expression. These results
suggest that Notch2 can induce Akt signaling.
In summary, the role of Notch2 in malignancies is
uncertain. Although the overexpression of Notch2 has
been confirmed, Notch2 appeared to function as a tumor suppressor gene in gastric cancer in this study. Further studies are warranted before Notch inhibitor based
therapeutic approaches are employed in the treatment of
advanced gastric cancer.

sic Medical Sciences, Lanzhou University, Lanzhou, China)
for their technical assistance.

COMMENTS
COMMENTS
Background

Notch is one of the most important signaling pathways involved in cell fate
determination. Activation of the Notch pathway requires the binding of a membrane-bound ligand to the Notch receptor in the adjacent cell which induces
proteolytic cleavages and the activation of the receptor. A unique feature of the
Notch signaling is that the processes such as modification, endocytosis or recycling of the ligand, have been reported to play critical roles in Notch signaling,
however, the underlying molecular mechanism appears context-dependent and
often controversial.

Research frontiers

There are four Notch receptors (Notch 1-4) and five ligands [Jagged 1, Jagged
2, delta-like ligand-1, -3 and -4 (DLL1, DLL3 and DLL4)] in mammals. Recently,
it is reported to be involved in tumorigenesis as oncogenes or tumor suppressors, and proposed as prognostic factors or anti-cancer targets in aggressive or
advanced cancers. This study was undertaken to investigate whether Notch2
is also involved in the control of gastric cancer progression, and the effects of
Notch2 signaling in gastric cancer aggressiveness.

Innovations and breakthroughs

ACKNOWLEDGMENTS

Abnormal Notch signaling has been reported in many human solid tumors. This
is the first study to characterize the role of Notch signaling in gastric cancer aggressiveness. The findings indicated that Notch2 may negatively regulate the
cell invasion of human gastric carcinoma.

We thank Xiao-Yuan Zhang (Key Laboratory of Preclinical
Study for New Drugs of Gansu Province, School of Basic
Medical Sciences, Lanzhou University, Lanzhou, China)
and Yan-Fei Liu (Department of Pathology, School of Ba-

Four Notch receptors (Notch 1-4) and five ligands (Jagged 1, Jagged 2, DLL1,
DLL3, and DLL4) are found in mammals. Ligand-receptor interaction between
two neighboring cells is involved in developmental, physiologic and pathologic
processes.

WJG|www.wjgnet.com

Terminology

7268

December 28, 2012|Volume 18|Issue 48|

Guo LY et al . Notch2 and gastric cancer

Peer review

The Notch signaling pathway plays a crucial role in the maintenance and the
development of several tissues. Ectopic expression of Notch has been found in
a variety of human cancers. In this work, the authors indicate that Notch2 could
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Impact of intestinal ischemia/reperfusion and lymph
drainage on distant organs in rats
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tive detection of serum endotoxin. The serum concentrations of tumor necrosis factor-α (TNF-α), interleukin
(IL)-6, IL-1β, soluble cell adhesion molecules (sICAM-1),
and high mobility group protein box 1 (HMGB1) were
determined with an enzyme-linked immunosorbent assay kit. Histological evaluations of the intestine, liver,
kidney, and lung were performed by hematoxylin and
eosin staining and immunohistochemistry. HMGB1 protein expression was assayed by western blot analysis.
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RESULTS: The serum levels of endotoxin and HMGB1
in the I/R and I/R + D groups were significantly higher
than those in the sham group (endotoxin, I/R and I/R +
D vs sham: 0.033 ± 0.004 EU/mL, 0.024 ± 0.003 EU/mL
vs 0.017 ± 0.009 EU/mL, respectively, P < 0.05; HMGB1,
I/R and I/R + D vs sham: 5.473 ± 0.963 EU/mL, 4.906
± 0.552 EU/mL vs 0.476 ± 0.406 EU/mL, respectively, P
< 0.05). In addition, endotoxin and HMGB1 were significantly lower in the I/R + D group compared to the I/R
group (P < 0.05). The serum inflammatory factors IL-6,
IL-1β, and sICAM-1 in the I/R and I/R + D groups were
significantly higher than those in the sham group (IL-6,
I/R and I/R + D vs sham: 41.773 ± 9.753 pg/mL, 19.204
± 4.136 pg/mL vs 11.566 ± 2.973 pg/mL, respectively,
P < 0.05; IL-1β, I/R and I/R + D vs sham: 144.646 ±
29.378 pg/mL, 65.829 ± 10.888 pg/mL vs 38.178 ± 7.157
pg/mL, respectively, P < 0.05; sICAM-1, I/R and I/R +
D vs sham: 97.360 ± 12.714 ng/mL, 48.401 ± 6.547
ng/mL vs 33.073 ± 5.957 ng/mL, respectively; P < 0.05).
The serum TNF-α in the I/R group were significantly
higher than in the sham group (45.863 ± 11.553 pg/mL
vs 18.863 ± 6.679 pg/mL, respectively, P < 0.05). These
factors were significantly lower in the I/R + D group
compared to the I/R group (P < 0.05). The HMGB1 immunohistochemical staining results showed no staining
or apparent injury in the blank group, and slight staining
at the top of the microvillus was detected in the sham
group. In the I/R group, both the top of villi and the
basement membrane were stained for HMGB1 in most
areas, and injury in the I/R + D group was less than that
in the I/R group. HMGB1 expression in the liver, kidney,

Abstract
AIM: To investigate the impact of intestinal ischemia/
reperfusion (I/R) injury and lymph drainage on distant
organs in rats.
METHODS: Thirty-two Sprague-Dawley male rats, weighing 280-320 g, were randomly divided into blank, sham,
I/R, and ischemia/reperfusion and drainage (I/R + D)
groups (n = 8). All rats were subjected to 60 min ischemia by clamping the superior mesenteric artery, followed by 120 min reperfusion. The rats in the I/R + D
group received intestinal lymph drainage for 180 min.
In the sham group, the abdominal cavity was opened
for 180 min, but the rats received no treatment. The
blank group served as a normal and untreated control.
A chromogenic limulus assay kit was used for quantita-
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is sterile and does not contain measurable levels of endotoxin[16], but does contain some biologically active nonmicrobial protein and lipid species[17,18]. Recent studies proposed that mesenteric lymph-induced distant organ injury
in intestinal I/R was directly mediated by gut-derived endogenous ligands, one of which is the high mobility group
protein box 1 (HMGB1). In intestinal I/R injury, intestinal
epithelium cells and macrophages synthesize and release
toll-like receptor 4 (TLR4) endogenous ligands, which can
be recognized by and combine with TLR4[19]. HMGB1 is
also the key factor of inflammation of aseptic injury (including T/HS and liver I/R injury)[20,21]. In liver I/R injury,
HMGB1 can directly combine with TLR2 or TLR4 and
cause inflammation[22]. The binding of HMGB1 and TLR4
may also be the most important trigger of the inflammatory response to I/R injury in the heart, kidney, brain, lung,
and other organs[23-26]. Recent studies suggest that HMGB1
acts as a late mediator of lethal sepsis and an early mediator
of inflammation and necrosis following I/R injury[19,27,28].
This study is a continuation of our previous study.
We hypothesized that the HMGB1-TLR4 combination
plays an important role in the distant organ injury caused
by intestinal I/R injury. The purpose of this study was to
determine the impact of intestinal I/R injury and lymph
drainage on the intestine and distant organs in rats, and
to clarify whether HMGB1 in the intestinal mesenteric
lymph after I/R mediates distant organ injury.

and lung of rats in the I/R + D group was significantly
lower than the rats in the I/R group (P < 0.05).
CONCLUSION: Lymph drainage could block the “gutlymph” pathway, improve intestinal barrier function, and
attenuate distant organ injury incurred by intestinal I/R.
© 2012 Baishideng. All rights reserved.

Key words: Intestinal ischemia/reperfusion; Lymph drainage; Distant organ injury; High mobility group protein
box 1; Endotoxin; Cytokines
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INTRODUCTION
The gut is an important functional organ for the immune
and endocrine systems, as well as its role as a protective
barrier. Intestinal ischemia/reperfusion (I/R) injury is the
“motor” of systemic inflammatory response syndrome
(SIRS), acute respiratory distress syndrome (ARDS), and
multiple organ dysfunction syndrome (MODS)[1-3]. Severe
trauma, acute necrotizing pancreatitis, major surgery, extensive burns, and other stresses are all associated with
intestinal barrier dysfunction. Although extensive investigative efforts have focused on clarifying the pathogenesis
of SIRS, ARDS and MODS induced by intestinal I/R,
the specific mechanism still remains controversial[4].
Recently, numerous studies have shown that the transport of inflammatory mediators occurs through the intestinal lymphatics in trauma-hemorrhage shock (T/HS).
Deitch et al[5] demonstrated that toxic gut-derived substances enter the mesenteric lymph to cause lung injury. In
addition, ligating the lymph duct in a variety of species after hemorrhagic shock can prevent distant organ injury[6].
Damle et al[7], Watkins et al[8] and Jordan et al[9] have shown
that lymph is the key link between T/HS and MODS. The
production and release of inflammatory factors through
the “gut-lymph” pathway to the circulatory system can
cause acute lung injury (ALI) and a systemic inflammation state[10-13]. Our recent work, together with findings by
other investigators, suggests that thoracic/mesenteric lymphatic duct ligation prior to intestinal I/R injury protects
the lung from injury and modulates the serum levels of
endotoxin, D-lactate, diamine oxidase, and cytokines[14,15].
However, the composition of lymph that is responsible
for distant organ injury remains unknown.
Some experiments have demonstrated that T/HS lymph

WJG|www.wjgnet.com

MATERIALS AND METHODS
Animals
Thirty-two male Sprague-Dawley rats that were specific
pathogen-free grade and weighed 280-320 g were purchased
from Beijing Vital River Laboratory Animal Technology
Co. Ltd. The rats were housed under barrier-sustained
conditions at a temperature of 25 ℃ with 12 h light/dark
cycles, and had free access to water and food for five days
prior to the operation. The rats were randomly divided into
four groups: blank, sham, ischemia/reperfusion and drainage (I/R + D), and I/R (n = 8 for each group). All rats
were maintained in accordance with the recommendations
of the Guide for the Care and Use of Laboratory Animals.
The research protocols were approved by the Academic
Committee of Peking Union Medical College and Chinese
Academy of Medical Sciences.
Intestinal I/R and lymph drainage
Prior to the operation, all rats were fasted overnight, but
were allowed access to water ad libitum. The rats were
anesthetized with an intraperitoneal injection of 1% sodium pentobarbital (50 mg/kg). A midline incision was
performed to bluntly separate the superior mesenteric
artery (SMA) and intestinal lymphatic trunk. In the I/R
and I/R + D groups, the SMA was occluded for 60 min
with an artery clamp, followed by reperfusion for 120
min. In the I/R + D group, a small incision was made
on the proximal end of the intestinal lymphatic trunk.
A catheter (Jinan Medical Silicone Tube Plant, China)
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tine, liver, kidney, and lung embedded in paraffin were
used for histological examination. A mouse anti-HMGB1
primary antibody (Beijing Biosynthesis Biotechnology Co.,
Ltd., China) and biotinylated secondary antibody (Beijing Biosynthesis Biotechnology Co., Ltd., China) were
used for immunohistochemical staining. Brownish-yellow
stained areas were recognized as regions with positive antigen expression.

Table 1 Serum levels of endotoxin and high mobility group
protein box 1 in the ischemia/reperfusion and ischemia/reperfusion + drainage groups compared to respective controls
(mean ± SD, n = 8)
Groups

Endotoxin (EU/mL)

HMGB1 (ng/mL)

Blank
Sham
I/R + D
I/R

0.014 ± 0.005
0.017 ± 0.009a
0.024 ± 0.003a,c,e
0.033 ± 0.004a,c

0.277 ± 0.292
0.476 ± 0.406
4.906 ± 0.552a,c
5.473 ± 0.963a,c

HMGB1 protein expression-Western blotting analysis: Total protein extract was prepared, and samples were
separated using sodium dodecyl sulfate polyacrylamide gels.
Proteins were then transferred to nitrocellulose membranes
overnight at room temperature and blocked for 8 h with
5% bovine serum albumin. The membranes were then
incubated overnight in anti-HMGB1 primary antibody
(1 µg/mL, ABCAM Ltd, Cambridge, United Kingdom)
diluted in blocking solution (1:500, Beijing Biosynthesis Biotechnology Co., Ltd., China). Membranes were
washed in Tris-buffered saline with Tween and incubated
in horseradish peroxidase-conjugated mouse secondary
antibodies in 5% milk (1:3000, Santa Cruz Inc., United
States) for 1 h at room temperature. Protein bands were
visualized by chemiluminescence.

a

P < 0.05 vs the blank group; cP < 0.05 vs the sham group; eP < 0.05 vs the
I/R group. I/R: Ischemia/reperfusion; I/R + D: Ischemia/reperfusion +
drainage; HMGB1: High mobility group protein box 1.

was inserted into the incision obliquely 3-5 mm toward
the distal end. A small amount of medical adhesive
(Beijing Fuaile Science and Technology Development
Co. Ltd, China) was used on the serosa adjacent to the
right kidney to fix the catheter. Outflow of lymph from
the catheter was collected with a sterile test-tube (Nunc,
Denmark) for 180 min. In the sham group, the abdominal cavity was opened for 180 min but the rats received
no treatment. The blank group served as a normal and
untreated control. The lymph (0.6-1.2 mL per rat) was
collected for 180 min.

Statistical analysis
Quantitative data were presented as mean ± SD. Statistical
software SPSS l7.0 (SPSS, Inc., Chicago, IL, United States)
was used to test the homogeneity of variance. Multiple
comparisons were performed with one-way analysis of
variance followed by a least-significant difference test. Statistical significance was set at P < 0.05.

Specimen collection
After the operation, the catheter was removed. Blood was
then extracted from the inferior vena cava and centrifuged
at 3000 g for 15 min at 4 ℃; the serum was separated and
stored at -80 ℃ for further analysis. After the rats were
fully exsanguinated, a 3 cm proximal section of the jejunum and 3 cm distal section of the ileum were excised,
rinsed in ice-cold normal saline, and dried on filter paper.
The liver, kidney, and lung were stored at -80 ℃.

RESULTS
Serum levels of HMGB1, endotoxin and inflammatory
factors
The serum levels of HMGB1 and endotoxin in the I/R
and I/R + D groups were significantly higher than those
in the blank and sham groups (P < 0.05). In addition, the
level of endotoxin in the I/R group was higher than that
in the I/R + D group (P < 0.05). The level of HMGB1
in the I/R group was slightly higher than that in the I/R
+ D group, but the difference was not significant (P >
0.05) (Table 1).
The levels of inflammatory cytokines IL-6, IL-1β and
sICAM-1 in the I/R and I/R + D groups and TNF-α in
the I/R group were remarkably higher than those in the
blank and sham groups (P < 0.05). The levels of inflammatory factors in the I/R + D group were markedly lower compared to those in the I/R group (P < 0.05). There
was no significant difference in cytokine levels between
the blank and sham groups (P > 0.05) (Table 2).

Sample analysis
Measurement of endotoxin: A chromogenic limulus
assay kit (Yi Hua Medical Technology Co. Ltd, Shanghai,
China) was used for the quantitative detection of serum
endotoxin, and the assay was performed according to
the manufacturer’s directions.
Cytokines and HMGB1 assay: The serum concentrations of tumor necrosis factor-α (TNF-α), interleukin
(IL)-6, IL-1β, soluble cell adhesion molecules (sICAM-1),
and HMGB1 were determined using enzyme-linked immunosorbent assay kits (Sun Biomedical Technology
Co., Ltd., Beijing, China) according to the kit protocols.
Hematoxylin and eosin staining of rats tissue slices:
Samples of the intestine, liver, kidney, and lung were fixed
in 10% formalin solution and sectioned (4 mm) after dehydration, cleaning, and paraffin embedding. The sections
were flattened, mounted, and heated on blank glass slides.
Histological evaluations were performed by hematoxylin
and eosin staining and pathological examination.

Intestinal, liver, kidney and lung HMGB1
immunohistochemistry
Intestinal morphology showed little change in the sham
group compared to the blank group. In contrast, the jeju-

HMGB1 immunohistochemistry: The slices of intes-
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Figure 1 Immunohistochemistry staining of high mobility group protein box 1 in the jejunum (A), ileum (B), liver (C), kidney (D) and lung (E) (n = 8). I/R + D:
Ischemia/reperfusion and drainage; I/R: Ischemia/reperfusion. Images shown at 100× magnification (A and B) and 200× magnification (C, D and E).

num and ileum mucosa in the I/R group showed swelling
and atrophy, and appeared fragile and black in color in
some segments of the intestine. In the I/R + D group,
the intestinal mucosa showed slight swelling, no breakage,
and less apparent damage than the I/R group.
Analysis of the jejunum and ileum in the blank group
confirmed that there was no HMGB1 staining or apparent injury. A small amount of staining at the top of the
microvillus was detected in the sham group, indicating
slight injury. In the I/R group, both the top of villi and
the basement membrane were stained for HMGB1 in
most areas. Injury in the I/R + D group was less than that
in the I/R group, although we did find some areas showing positive staining (Figure 1A and B).

Table 2 Serum levels of cytokines in the ischemia/reperfusion and ischemia/reperfusion + drainage groups compared
to respective controls (mean ± SD, n = 8)
Groups

TNF-a
(pg/mL)

IL-1b
(pg/mL)

IL-6
(pg/mL)

sICAM-1
(ng/mL)

Blank
Sham
I/R + D
I/R

13.799 ± 6.456
18.863 ± 6.679
25.381 ± 9.281a,e
45.863 ± 11.553a,c

22.476 ± 8.498
38.178 ± 7.157
65.829 ± 10.888a,c,e
144.646 ± 29.378a,c

8.687 ± 0.761
11.566 ± 2.973
19.204 ± 4.136a,c,e
41.773 ± 9.753a,c

30.901 ± 6.962
33.073 ± 5.957
48.401 ± 6.547a,c,e
97.360 ± 12.714a,c

a

P < 0.05 vs the blank group; cP < 0.05 vs the sham group; eP < 0.05 vs the I/R
group. I/R: Ischemia/reperfusion; I/R + D: Ischemia/reperfusion + drainage; TNF: Tumor necrosis factor; IL: Interleukin; sICAM: Soluble cell adhesion molecule.
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Figure 2 Expression levels of high mobility group protein box 1 protein in the jejunum and ileum (n = 8). Top: Western blotting analysis of high mobility group
protein box 1 (HMGB1) in the jejunum (left) and ileum (right). Lane 1: Blank; Lane 2: Sham; Lane 3: I/R + D; Lane 4: I/R; Bottom: Quantification of HMGB1 protein
levels in the jejunum (left) and ileum (right). HMGB1 levels were normalized to the levels of the b-actin internal control. aP < 0.05 vs the blank group; cP < 0.05 vs the
sham group; eP < 0.05 vs the I/R group. I/R + D: Ischemia/reperfusion and drainage; I/R: Ischemia/reperfusion.

There was a significant level of HMGB1 staining in the
liver of I/R group, while only a few liver cells were stained
in the I/R + D group. HMGB1 staining in the medullary
region and the outer medulla of the kidney were obviously
increased in the I/R group compared to controls. Analysis
of HMGB1 expression in the lung showed that a large
number of cells, including endothelial cells and macrophages, were positively stained. Immunohistochemistry in
the blank and sham groups showed almost no yellow staining in the liver, kidney, or lung (Figure 1C-E).

tissue injury.

DISCUSSION
Intestinal I/R injury can lead to severe intestinal damage
and increased intestinal permeability. This study showed
that intestinal I/R causes intestinal morphological changes, such as intestinal mucosal injury, visible erosion, necrosis, interstitial congestion in the lamina propria of villi
top, edema, inflammation, and mucosa and submucosa
hemorrhage. In the jejunum and ileum, slight staining was
observed at the top of microvillus in the sham group,
and both the top villi and the basement membrane were
stained in most areas in the I/R group. Moreover, we
found that injury in the I/R + D group was less than that
of the I/R group. Our previous study in rats showed that
the intestinal permeability increased and bacteria translocated after I/R injury, and that the mucosal thickness and
villus height were significantly lower than in the control
group[29].
Recent studies have shown that the key mechanism
of intestinal I/R injury that leads to a systemic inflammatory response and injury of distant tissues and organs
may be mediated by several gut-derived cytokines released in the circulatory system through the “gut-lymph”
pathway, which causes downstream injurious effects. The
“gut-lymph” pathway theory is based on several observations. Firstly, lymph drainage before hemorrhagic shock
can prevent organ dysfunction caused by the shock[8,30];

Intestinal, liver, kidney and lung HMGB1 expression by
western blot
The expression of HMGB1 levels in the jejunum and
ileum was significantly higher (P < 0.05) in the I/R and
I/R + D groups than in the blank and sham groups (which
corresponded to the immunohistochemistry data) and
HMGB1 expression was significantly lower in the I/R +
D group than in the I/R group (P < 0.05) (Figure 2). Furthermore, the expression of HMGB1 protein levels in the
liver, kidney, and lung was significantly higher in the I/R
and I/R + D groups than in the blank and sham groups
(P < 0.05), and levels in all three organs in the I/R + D
group were significantly lower than those in the I/R group
(P < 0.05) (Figure 3). Together, these data showed that
rats in the I/R + D group had significantly less injury than
those of the I/R group, suggesting that blocking the “gutlymph” pathway may attenuate the increase in HMGB1
levels incurred by I/R, and consequently decrease distant
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Figure 3 Expression levels of high mobility group protein box 1 in the liver, lung, and kidney (n = 8). Top: Western blotting analysis of high mobility group protein box 1 (HMGB1) in the liver (left), lung (middle), and kidney (right). Lane 1: Blank; Lane 2: Sham; Lane 3: I/R + D; Lane 4: I/R; Bottom: Quantification of HMGB1
protein levels in the liver (left), lung (middle), and kidney (right). HMGB1 levels were normalized to the levels of the b-actin internal control. aP < 0.05 vs the blank
group; cP < 0.05 vs the sham group; eP < 0.05 vs the I/R group. I/R + D: Ischemia/reperfusion and drainage; I/R: Ischemia/reperfusion.

and secondly, injecting normal animals with the lymph
from animals undergoing hemorrhagic shock can lead
to a variety of pathological injuries[12], such as increased
permeability, alveolar cell apoptosis, and accumulated
neutrophils in the lung.
In this study, our results demonstrated a change in intestinal morphology and an increase in endotoxin, HMGB1,
and cytokine serum levels in rats with intestinal I/R injury. Importantly, we found that intestinal lymph drainage
could significantly reduce the symptoms of I/R injury.
The endotoxin, HMGB1, and cytokine serum levels in
the I/R + D group were significantly reduced compared
to the I/R group. Cavriani et al[15] observed that lymphatic
ligation changed the serum levels of IL-1β and IL-10,
and alleviated the inflammatory response and lung injury
in rats. Our previous study also indicated that intestinal
lymph duct ligation could effectively reduce intestinal permeability and inflammatory cytokine and endotoxin levels
in the circulation in rats after I/R injury[14,29]. Another
study[31] showed that D-lactate could be detected in the
circulation during ischemia for 5 min in I/R rats, and as
time progressed, the degree of intestinal mucosa damage
increased. Therefore, the D-lactate level could be an early
indicator of mucosa damage and permeability changes.
The results reported in this study are consistent with
previous findings. These studies suggest that both lymph
ligation and drainage can block the “gut-lymph” pathway
and exert a protective effect on intestinal barrier function.
HMGB1 is the endogenous ligand of TLR4, and the
HMGB1-TLR4 combination is an important step in I/R
injury[32]. HMGB1, which was initially found to be a late
lethal inflammatory factor in sepsis, was recently considered to be an inflammatory cytokine in ALI and hepatic
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injury. In the early stages, HMGB1 levels increases immediately and continue to slowly increase as reperfusion
time is extended. Moreover, an anti-HMGB1 antibody
was able to alleviate the inflammation response, as well
as significantly reduce myeloperoxidase, IL-1β, and IL-6
expression levels, and especially decrease the accumulation of neutrophils and pulmonary edema[23,33]. A recent
study[4] found no bacteria or endotoxin in the circulation
in rats with some trauma, surgery-induced SIRS, distant
organ injury, and the administration of a TLR4 blocker
significantly reduced inflammation and tissue damage.
Therefore, it may not be endotoxin, but rather the endogenous ligand that activates TLR4.
During I/R injury, the intestinal epithelial cells and
macrophages synthesize and release TLR4 endogenous ligands, which bind to TLR4. TLR4 then activates signaling
pathways, such as nuclear factor-κB, and regulates the synthesis of proteins and enzymes that promote the synthesis
and release of a variety of cytokines. This results in the
subsequent injury of the distant organs[19,23,27]. This study
showed that serum levels of HMGB1 were significantly
higher in the I/R and I/R + D groups than in the blank
and sham groups, and that HMGB1 in the I/R + D group
was significantly lower than in the I/R group. These results were consistent with HMGB1 protein expression in
the intestine, liver, kidney, and lung as determined by western blot. The immunohistochemistry analysis of HMGB1
in the liver, kidney, and lung also showed that the distant
organs were damaged during intestinal I/R injury. Yang et
al[34] and Liu et al[35] found that treatment of transient ischemic rats with a neutralizing anti-HMGB1 antibody could
reduce IL-6 mRNA and TNF-α mRNA on the surface
of intestinal mucosa, attenuate injury, and improve the
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survival rate. This indicates that HMGB1 released during
the early stage may be the factor that promotes intestinal injury and a systemic inflammatory response. In this
study, we observed an improvement in morphology, and
the serum levels of endotoxin, inflammatory cytokines,
and HMGB1 in the I/R + D group were significantly
lower than in the I/R group. This could be due to the low
blood flow caused by ischemia and hypoxia when organs
were subjected to perfusion. It could also be due to the
fact that factors such as inflammatory cytokines diffuse
throughout the entire body through reperfused blood[7,36].
The degree of the injury in the liver, kidney, and lung, as
well as the expression of HMGB1 in the I/R group, were
significantly greater than in the I/R + D group (P < 0.05).
This demonstrates that HMGB1 participates in the occurrence and development of the injury during intestinal
I/R, and that blocking the “gut-lymph” pathway can effectively reduce the injury of the intestinal barrier function and the levels of systemic inflammatory cytokines, as
well as attenuate the stimulation of HMGB1 on intestine
and distant organs.
In conclusion, intestinal injury after I/R can stimulate
the release of HMGB1, endotoxin, and inflammatory
cytokines, which may be related to intestinal barrier dysfunction and distant organ injury. Intestinal lymph drainage may improve the morphology and function of the
intestine, reduce the levels of cytokines and endotoxin in
circulation, and attenuate the injury of distant organs by
blocking the “gut-lymph” pathway; providing a reference
for clinical treatment.

The study results suggest that intestinal injury after I/R stimulate the release
of HMGB1, endotoxin, and inflammatory cytokines, and that lymph drainage
could block the “gut-lymph” pathway, improve intestinal barrier function, reduce
cytokine and endotoxin, and attenuate the injury of distant organs incurred by
intestinal I/R; providing a reference for future clinical practice.

Terminology

Intestinal I/R injury: Intestinal I/R injury is the “motor” of SIRS, ARDS and
MODS, and can be associated with severe trauma, acute necrotizing pancreatitis, major surgery, extensive burns, and other stresses; HMGB1: HMGB1 is
one of the endogenous ligands which can be recognized by and combine with
TLR4, and is also the key factor of inflammation of aseptic injury.

Peer review

This is a good descriptive study in which the authors have analyzed the impact
of intestinal I/R injury and lymph drainage on distant organs in rats. The authors
conclude that lymph drainage could block the “gut-lymph” pathway, improve intestinal barrier function, reduce cytokine and endotoxin, and attenuate the injury
of distant organs in intestinal I/R lesions. The experiments were well designed,
and the results were clearly demonstrated and analyzed. The techniques are
appropriate and the conclusions are supported by the data presented.
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BRIEF ARTICLE

Clinical features and risk factors of acute hepatitis E with
severe jaundice
Bin Xu, Hai-Bin Yu, Wei Hui, Jia-Li He, Lin-Lin Wei, Zheng Wang, Xin-Hui Guo
kaline phosphatase, or hepatitis B virus surface antigen
between the two groups were observed. HEV infected
patients with severe jaundice had significantly lower
peak serum levels of γ-glutamyl-transpeptidase (GGT)
(median: 170.31 U/L vs 237.96 U/L, P = 0.007), significantly lower ALB levels (33.84 g/L vs 36.89 g/L, P =
0.000), significantly lower acetylcholine esterase (CHE)
levels (4500.93 U/L vs 5815.28 U/L, P = 0.000) and
significantly higher total bile acid (TBA) levels (275.56
μmol/L vs 147.03 μmol/L, P = 0.000) than those without severe jaundice. The median of the lowest point
time tended to be lower in patients with severe jaundice
(81.64% vs 96.12%, P = 0.000). HEV infected patients
with severe jaundice had a significantly higher viral load
(median: 134 vs 112, P = 0.025) than those without
severe jaundice. HEV infected patients with severe jaundice showed a trend toward longer median hospital stay
(38.17 d vs 18.36 d, P = 0.073). Multivariate logistic
regression indicated that there were significant differences in age, sex, viral load, GGT, albumin, TBA, CHE,
prothrombin index, alcohol overconsumption, and duration of admission between patients infected with acute
hepatitis E with and without severe jaundice.
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Abstract
AIM: To compares the clinical features of patients
infected with hepatitis E virus (HEV) with or without
severe jaundice. In addition, the risk factors for HEV
infection with severe jaundice were investigated.

CONCLUSION: Acute hepatitis E patients may naturally present with severe jaundice.

METHODS: We enrolled 235 patients with HEV into
a cross-sectional study using multi-stage sampling to
select the study group. Patients with possible acute
hepatitis E showing elevated liver enzyme levels were
screened for HEV infection using serologic and molecular tools.HEV infection was documented by HEV antibodies and by the detection of HEV-RNA in serum. We
2
used χ analysis, Fisher’s exact test, and Student’s t
test where appropriate in this study. Significant predictors in the univariate analysis were then included in a
forward, stepwise multiple logistic regression model.

© 2012 Baishideng. All rights reserved.
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RESULTS: No significant differences in symptoms, alanine aminotransferase, aspartate aminotransferase, al-
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Abbott). Diagnosis of drug-induced hepatitis was based
on patient history and clinical course; the lymphocyte
stimulation index for drugs was used as an adjunct. Acute
hepatitis of unknown etiology was a diagnosis of exclusion. Acute hepatitis E was defined by the presence of
HEV RNA in acute-phase sera. Drugs and alcohol were
excluded as likely etiological agents by patient history and
a review of patient medications. Other causes of liver
disease were excluded by testing for serum ceruloplasmin,
24-h urinary copper, antinuclear antibody, antismooth
muscle antibody, serum iron and iron-binding capacity
and alpha-1 antitrypsin levels.
We enrolled 235 patients with HEV. The study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the Institutional Review Board at each institution. Informed consent was obtained from each patient.

INTRODUCTION
Although hepatitis E was recognized as a new disease in
1980, the virus was first visualized in 1983 and its genome
was cloned and characterized in 1991, however, the disease
is probably ancient but was not recognized until modern
times[1-6]. Hepatitis E is the most important or the second
most important cause of acute clinical hepatitis in adults
throughout Asia, the Middle East and Africa[1]. Hepatitis
E virus (HEV) is a small round RNA-containing virus
that is the only member of the genus Hepevirus in the
family Hepeviridae[7]. The clinical course of hepatitis E
is usually more severe than hepatitis A, and is frequently
complicated by protracted coagulopathy and cholestasis.
HEV accounts for more than 50% of acute viral hepatitis in young adults in developing countries[8]. The disease
course is benign, and severe jaundice is rarely reported.
Severe icteric forms are unusual in patients without cirrhosis and have been documented in immunocompromised patients[9]. These cases did not progress to fulminant hepatitis or severe acute hepatitis. However, the differences in the demography, mode of transmission, and
clinical features of patients infected with HEV with and
without severe jaundice have not been sufficiently studied. Thus, the present study was designed to determine
the clinical features and risk factors of acute hepatitis E
with severe jaundice in patients without cirrhosis. Jaundice was very marked in all patients. HEV infection was
documented by HEV antibodies and by the detection of
HEV-RNA in serum. Here, we studied a well-characterized population of HEV-infected individuals enrolled in
a large Chinese cohort study. Acute HEV in our patients
was characterized by severe jaundice with serum bilirubin
levels above 171 μmol/L.

Epidemiological survey and laboratory examinations
All patients enrolled in the study provided detailed medical history, including general data such as age, sex, onset
of illness, travel history before onset of illness, history
of blood transfusion, alcohol intake, medicine use, and
disease complications. Acute hepatitis E with severe
jaundice was defined as total bilirubin > 171 μmol/L. In
this study, an underlying disease was defined as an active
illness where the patient had received medical care before the onset of hepatitis. Overconsumption of alcohol
was defined as daily ethanol ingestion over 50 g for 5
years or longer. To minimize recall bias and/or interview bias, we performed the following: we visited each
patient at home twice in 3 mo and using an open-ended
questionnaire assisted them to recall their daily ingestion
and/or alcohol intake during the 2 mo preceding the onset of illness, and compared that with their current eating and drinking habits. In the laboratory examinations,
total bilirubin, bilirubin direct, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), γ-glutamyltranspeptidase (GGT), alkaline phosphatase (ALP), albumin (ALB), acetylcholine esterase (CHE), total bile acid
(TBA) and prothrombin index (PTA) were measured,
using a sequential multi-autoanalyzer at each hospital.

MATERIALS AND METHODS
Patients
Between December 2005 and December 2010, we diagnosed 235 cases of acute hepatitis E at Beijing YouAn
Hospital affiliated to Capital Medical University in Beijing. Patients with possible acute hepatitis E showing
elevated liver enzyme levels were screened for HEV
infection using serologic and molecular tools. Biliary
tract complications were ruled out by abdominal ultrasonography. Toxin- and drug-related causes of abnormal
liver function tests were ruled out by patient history. 235
patients tested positive for serum HEV RNA. Serum
samples which had been stored frozen (or below -20 ℃)
were thawed prior to analysis. The samples were screened
for immunoglobulin M (IgM) antibody to hepatitis A
virus (Axsym System, Abbott), hepatitis B virus surface
antigen (HBsAg), IgM antibody to hepatitis B core antigen (Axsym System, Abbott), polymerase chain reaction
for HBV DNA and antibody to hepatitis C virus (Axsym
System, Abbott). Subsequently, the serum was also tested
for IgM anti-Epstein-Barr virus antibody [anti-HEV IgM,
enzyme-linked immunosorbent assay (ELISA), Biotest],
and IgM anti-cytomegalovirus antibody (Axsym System,
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Detection of anti-HEV IgM
Serum samples were tested for HEV IgG and IgM using
a commercial ELISA kit (Wan Tai Pharmaceutical Co.,
Beijing, China) produced with two recombinant peptides
corresponding to amino acid residues 396-603 of the
major structural protein specified by open reading frame
2 of the HEV genome. The sensitivity and specificity of
the ELISA kit was demonstrated by Zhang et al[10]. Serum
samples were tested according to the manufacturer’s instructions with three negative and positive control wells
included on each plate. The samples with an optical density less than the cutoff value (cutoff value for IgG was
equal to the mean optical density for the three negative
controls on each plate plus 0.12, and the cutoff value for
IgM was equal to the mean optical density for the three
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sition 6336-6357). The first round of polymerase chain
reaction (PCR) was carried out in a 50 μL reaction volume with 8 μL cDNA, 25 pmol of each primer (P1, P2),
1 μL of 10 mmol/L dNTPs, and 0.5 μL TaKaRa Ex Taq
polymerase. PCR was conducted for 35 cycles at 94 ℃
for 1 min, 55 ℃ for 45s and 72 ℃ for 1 min with a final
extension time of 72 ℃ for 7 min. The second round
reaction were carried out in a 50 μL volume with 8 μL of
the first-round product, 25 pmol of each primer (P3/P4),
and 0.5 μL TaKaRa Ex Taq polymerase. The parameters
were the same as the first round. The second-round PCR
products were separated by 2% agarose gel.

Table 1 Comparison of background characteristics and clinical manifestations, laboratory data and outcome
Acute hepatitis
E with severe
jaundice
Characteristic
Age, yr, mean (range)
Sex, men, n (%)
Occupation, n (%)
Handling with animals
Handling with raw food
Underlying disease
History, n (%)
Blood transfusion
Intake wild animals
Intake raw pig liver or
intestine
Intake raw fish or shellfish
Alcohol overconsumption
Clinical features
Symptoms (%)
Fever
Jaundice
Laboratory data
Peak ALT (U/L)
Peak AST (U/L)
Peak TBil (μmol/ L)
Peak DBil (μmol/ L)
Lowest ALB (g/L)
Peak GGT (U/L)
Peak ALP (U/L)
Peak CHE (U/L)
Peak TBA
HBsAg
Lowest PTA (%)
PT ≤ 60%, n (%)
Viral load
Duration for admission (d)

56 (20-85)
64 (70)
0
0 (70)
4 (70)
0
0
0
0 (70)
27 (70)

1.47 ± 0.737
1.00 ± 0.000
1089.23 ± 1607.77
660.83 ± 675.99
276.31 ± 91.63
185.06 ± 64.64
33.84 ± 3.72
170.31 ± 117.55
184.96 ± 67.22
4500.93 ± 175.32
275.56 ± 28.81
8 (69)
81.64 ± 22.69
7 (60)
134 ± 68
38.17 ± 17.13

Acute hepatitis
E without
P value
severe jaundice
51 (18-85)
125 (165)

0.015
0.003

0
5 (165)
32 (165)

0.580
0.008

0
0
0
5 (165)
16 (165)

1.35 ± 0.725
1.01 ± 0.029
1035.53 ± 869.49
604.34 ± 715.72
78.70 ± 48.06
48.52 ± 35.16
36.89 ± 4.76
237.96 ± 181.18
187.76 ± 89.82
5815.28 ± 151.04
147.03 ± 10.53
27 (159)
96.12 ± 24.63
11 (146)
112 ± 69
18.36 ± 91.35

Statistical analysis
We used χ 2 analysis, Fisher’s exact test, and Student’s t
test where appropriate in this study. Significant predictors in the univariate analysis were then included in a
forward, stepwise multiple logistic regression model. A
P value of < 0.05 was considered statistically significant;
all tests were two-tailed. Data were analyzed using the
statistical software StatView for Macintosh (Version 5.0
StatView, SAS Institute Inc., NC, United States).

0.580
0.003

0.243
0.892
0.741
0.574
0.000
0.000
0.000
0.007
0.826
0.000
0.000
0.203
0.000
0.424
0.025
0.073

RESULTS
Patients infected with HEV: Characteristics, laboratory
data and outcome
Of the 235 patients with acute hepatitis E, 70 were diagnosed with acute hepatitis E and severe jaundice and 165
were diagnosed with acute hepatitis E without severe jaundice. Of the patients with acute hepatitis E and severe jaundice, 64 were male and 6 were female (all non-pregnant)
with a median age of 56 years (range: 20-85years). Twentyseven (39%) of these patients demonstrated alcohol overconsumption. Of the patients with acute hepatitis E without severe jaundice, 125 were male and 40 were female (all
non-pregnant) with a median age of 51 years. Sixteen (10%)
of these patients demonstrated alcohol overconsumption.

TBil: Total bilirubin; DBiL: Bilirubin direct; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: γ-glutamyl-transpeptidase;
ALP: Alkaline phosphatase; ALB: Albumin; CHE: Acetylcholine esterase;
TBA: Total bile acid; PTA: Prothrombin index; PT: Point time; HBsAg:
Hepatitis B virus surface antigen.

Comparison between patients infected with HEV
Comparison of baseline characteristics between the two
groups. A comparison of characteristics between acute
hepatitis E patients with severe jaundice and acute hepatitis E patients without severe jaundice is shown in Table 1.
There were significant differences in age and the malefemale ratio between the two groups. There were no
significant differences in occupation, history of traveling
to endemic areas, blood transfusion, or the presence of
underlying disease(s) between the two groups. Overconsumption of alcohol was observed in a higher proportion
of patients infected with severe jaundice compared with
those without severe jaundice (27/70 vs 16/165, P = 0.003).
None of the patients had a history of ingesting raw wild
deer, boar, bear or rabbits, or a history of blood transfusion, ingestion of raw pig liver, and/or undercooked pig
intestines before the onset of illness. There were no significant differences in the intake of raw fish or shellfish
between the two groups.

negative controls on each plate plus 0.26) were considered
negative. Samples with an optical density greater than or
equal to the cutoff value were tentatively considered reactive and were retested in duplicate to confirm the result.
Detection of HEV RNA
Using the QIAamp RNA Blood Mini Kit (QIAGEN,
Germany), RNA was reverse transcribed into cDNA
with 10 units of AMV Reverse Transcriptase (Promega,
Madison, WI, United States) at 42 ℃ for 60 min. The
primers used in this study were synthesized as previously described[10]. The primer positions indicated below
are relative to the HEV strain JYI-Chisai01C (GenBank
accession number AB 197674): P1: 5’AAC(T)TATGC
ACAGCCGGGTTG3’ (forward position 5725-5746)
P2: 5’CCCTTATCCTGCTGAGCATTCTC3’ (reverse
position 6433-6455); P3: 5’GTC(T)ATGC(T)TC(T)TGC
ATACATGGCT-3’ (forward position 6010-6031) P4: 5’
AGCCGACGAAATC(T)AATTCTGTC-3’ (reverse po-
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and complete resolution of hyperbilirubinemia and normalization of aminotransferases within 1-6 wk. Laboratory findings in patients with HEV are also similar to
other forms of viral hepatitis and include elevated serum
bilirubin, alanine aminotransferase, aspartate transaminase, alkaline phosphatase, and gamma-glutamyl-transferaselevels[11]. The cases presented here are exceptional in
that some patients had severe jaundice. We report 70 cases
of acute hepatitis E with severe jaundice, no pruritus,
normal serum creatinine levels, and normal PTA. Most
cases of acute hepatitis E do not have severe jaundice. In
this study, 70 of 235 cases with acute hepatitis E had severe jaundice. Our report is rather unique in that detailed
personal interviews were performed to explore patients’
exposures which may not have been recalled when the
patient was originally investigated for hepatitis E. We
maintained an attitude of strict neutrality during the interview to minimize recall bias and/or interview bias. The
characteristics of the patients with hepatitis E and severe
jaundice included in our study are summarized as follows:
many patients were 4060 years of age, similar to endemic
cases reported in Asia[12,13], 64 patients (90%) were male;
none of the patients had a history of ingesting wild
animal meat or undercooked intestines. Raw or partially
cooked shellfish are a common cause of HEV infection
as shellfish filter large volumes of water. Five patients (7%)
had a history of ingesting raw fish or shellfish. Four patients seemed to have underlying diseases. Recently, Mizuo
et al[14] reported that the presence of underlying disease(s)
influence the severity of hepatitis E. The presence of underlying diseases was also significantly different between
patients with severe jaundice and patients without severe
jaundice. Sixteen patients (10%) demonstrated alcohol
overconsumption. In our series, patients with severe jaundice consumed alcohol on a regular basis compared to
those without severe jaundice, there were also significant
differences in other background characteristics between
the two groups. Alcohol overconsumption, however, was
not associated with illness severity. Whether overconsumption of alcohol is associated with susceptibility to
acute hepatitis E requires further research.
Physical examination revealed 235 icteric subjects, in
otherwise good health, with no signs of hepatic failure.
Specifically, there was no history of medication or drug
use, and the patients denied taking any herbal supplements. Cholelithiasis is an unlikely explanation for jaundice, as there was no evidence of cholecystitis found on
repeat imaging studies or during surgery, and there was
no evidence of choledocholithiasis. There were no significant differences in symptoms, ALT, AST, ALP, or HBsAg
between the two groups. Patients with severe jaundice
showed more severe clinical manifestations (including
laboratory data such as ALB, CHE and TBA levels, PTA
and duration of hospital stay) than those without severe
jaundice. Patients with severe jaundice had significantly
lower peak serum GGT levels (P = 0.007) which requires
further research. The proportion of patients with PT ≤
60%, however, was not significantly different between the
two groups. Bernardin et al[15] reported that the severity of

Table 2 Relation between acute hepatitis E with severe jaundice and risk factors
Risk factors
Viral load
Age
Sex
Fever
ALT
AST
GGT
ALP
ALB
TBA
CHE
PTA
HBsAg
Alcohol overconsumption
Duration for admission

SE

P value

OR

95%CI

0.002
0.011
0.464
0.203
0.000
0.000
0.001
0.002
0.036
0.001
0.000
0.007
0.431
0.309
0.009

0.026
0.016
0.008
0.243
0.741
0.573
0.009
0.825
0.000
0.000
0.000
0.000
0.303
0.003
0.000

1.005
1.026
0.291
1.268
1.000
1.000
0.997
1.000
0.857
1.006
1.000
0.975
1.560
2.476
1.038

1.001-1.009
1.005-1.048
0.117-0.772
0.851-1.888
1.000-1.000
1.000-1.001
0.995-0.999
0.996-1.003
0.799-0.919
1.004-1.009
0.999-1.000
0.963-0.988
0.670-3.632
1.350-4.542
1.020-1.056

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT:
γ-glutamyl-transpeptidase; ALP: Alkaline phosphatase; ALB: Albumin;
CHE: Acetylcholine esterase; TBA: Total bile acid; PTA: Prothrombin index; HBsAg: Hepatitis B virus surface antigen; OR: Odds ratio.

Comparison of clinical features between the two groups
The clinical features of the study population are shown
in Table 1. There were no significant differences in
symptoms, ALT, AST, ALP, or HBsAg between the two
groups. HEV infected patients with severe jaundice had
significantly lower peak serum levels of GGT (median:
170.31 U/L vs 237.96 U/L, P = 0.007), significantly lower
ALB levels (33.84 g/L vs 36.89 g/L, P = 0.000), significantly lower CHE levels (4500.93 U/L vs 5815.28 U/L,
P = 0.000) and significantly higher TBA levels (275.56
μmol/L vs 147.03 μmol/L, P = 0.000) than those without severe jaundice. The lowest median PT tended to be
lower in the severe jaundice group (81.64% vs 96.12%,
P = 0.000). The proportion of patients with PT ≤ 60%
was not significantly different in the severe jaundice
group (7/60 vs 11/146, P =0.424). HEV infected patients
with severe jaundice had a significantly higher viral load
(median: 134 vs 112, P = 0.025) than those without severe
jaundice. HEV infected patients with severe jaundice
showed a trend toward longer median hospital stay (38.17
d vs 18.36 d, P = 0.073).
Relation between acute hepatitis E with severe jaundice
and risk factors
The multivariate logistic regression analysis indicated that
there were significant differences in age, sex, viral load,
GGT, ALB, TBA, CHE, PTA, alcohol overconsumption,
and duration of admission between acute hepatitis E patients with and without severe jaundice. The relations between acute hepatitis E patients with severe jaundice and
risk factors are shown in Table 2.

DISCUSSION
Clinically, HEV usually causes a self-limiting illness, with
an average incubation period of 40 d, moderate jaundice,
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patients infected with HEV with and without severe jaundice have not been sufficiently studied.

hepatitis E was related to dose of the virus. We found that
patients with severe jaundice had a significantly higher
viral load than those without severe jaundice. The mechanisms underlying the development of severe jaundice
during acute hepatitis E are likely to be multifactorial. It is
well known that inflammatory liver cell necrosis is a factor in jaundice in the setting of acute viral hepatitis. Other
cofactors of hyperbilirubinemia may include concomitant
etiologies such as autoimmune cholangitis and accentuation of preoperative jaundice after laparotomy [16,17]. Such
cofactors can be ruled out in our patients as none of the
patients underwent abdominal surgery, and autoimmune
cholangitis is unlikely since serum autoantibodies were
absent. It is therefore possible to hypothesize that HEV
itself had a direct effect on the development of highgrade hyperbilirubinemia in these patients. Some data
indicate that HEV has not only hepatocytic but also biliary tropism, and replicates within bile epithelial cells[18-20].
However, the mechanisms underlying high-grade hyperbilirubinemia in HEV infection remain unclear.
According to our results, age, sex, GGT, ALB, CHE,
TBA, viral load, and alcohol overconsumption seem to be
risk factors affecting patients with acute HEV and severe
jaundice (odds ratio = 1.026, 0.291, 0.997, 0.857, 1.000,
1.006, 1.005 and 2.476, respectively). In multivariate analysis, fever symptoms, ALT, AST, ALP, and HBsAg were
not significant risk factors for acute HEV infection with
severe jaundice. Taking into account that the majority of
HEV infections in endemic areas are caused by genotype
1, a definitive picture of the differences in acute HEV
infected patients with severe jaundice according to the
genotype need to be obtained from more in-depth studies.
In conclusion, patients with acute hepatitis E may
naturally present with severe jaundice. However, further
clinical, epidemiological and virological studies are needed
to elucidate HEV infection with severe jaundice and the
association between HEV genotype and severe jaundice
as well as its underlying mechanism.

Innovations and breakthroughs

In this study, 70 of 235 cases with acute hepatitis E had severe jaundice, no
pruritus, normal serum creatinine levels, and normal prothrombin index. Most
cases of acute hepatitis E do not have severe jaundice. The report is rather
unique in that detailed personal interviews were performed to explore patients’
exposures which may not have been recalled when the patient was originally
investigated for hepatitis E. The authors maintained an attitude of strict neutrality during the interview to minimize recall bias and/or interview bias.

Applications

The study was designed to determine the clinical features and risk factors of
acute hepatitis E with severe jaundice in patients without cirrhosis. Jaundice
was very marked in all patients. Acute HEV in the patients was characterized by
severe jaundice with serum bilirubin levels above 171 μmol/L. These patients
with severe jaundice might represent true cases of acute hepatitis E.

Terminology

The HEV is a small, non-enveloped, icosahedral, positive-sense, single-strand
RNA virus. HEV is responsible for the majority of cases of what was previously
called enterically transmitted non-A, non-B hepatitis. Hepatitis E is endemic in
many subtropical and tropical areas. In these areas, hepatitis E occurs both
epidemically and sporadically. Hepatitis E is a selflimiting disease of varying severity, presenting as acute, icteric hepatitis, with clinical and morphological findings similar to those of hepatitis A. Recent studies have found immunoglobulin
G to HEV in several wild and domestic animal species native to developing and
industrialized countries.Molecular evidence for natural HEV infection in swine
has been reported for HEV-endemic and -nonendemic countries worldwide.

Peer review

The paper describes the characteristics of patients with a more severe jaundice
than the remainder of the group.
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carcinoma cell line SMMC-7721
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Medium with 10% fetal calf serum and glutamine, and
then mixed with liposomes, Lipofectamine 2000 and
the plasmid vector pEGFP-CI-MOB2.
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RESULTS: We observed the growth and proliferation of
SMMC-7721 cells containing pEGFP-CI-MOB2 and analyzed their apoptosis and growth cycle phases by flow
cytometry. We successfully transfected the recombined
plasmid vector pEGFP-CI-MOB2 into SMMC-7721 cells
and screened for a single clone cell containing MOB2.
After transfection, MOB2 enhanced growth suppression, induced apoptosis, increased the ratio of G0/G1,
significantly inhibited the advance of cell cycle phase,
and arrested cells in G0/G1 phase.
CONCLUSION: MOB2 overexpression induces apoptosis and inhibits the growth of human hepatic cancer
cells, which may be useful in gene therapy for hepatic
carcinoma.
© 2012 Baishideng. All rights reserved.
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Abstract
AIM: To investigate the growth-inhibiting and apoptosis-inducing effects of the gene MOB2 on human hepatic carcinoma cell line SMMC-7721.
METHODS: The full-length cDNA of the MOB2 gene
was amplified from human umbilical vein endothelial
cells. The correct full-length MOB2 cDNA was subcloned into the eukaryotic expression vector pEGFP-C1.
After lipofection of the MOB2 gene into cancer cells,
the levels of MOB2 protein in the cancer cells were detected by immunoblotting. To transfect the recombined
plasmid vector pEGFP-CI-MOB2 into SMMC-7721 cells,
the cells were cultured in Dulbecco’s Modified Eagle’s

WJG|www.wjgnet.com

INTRODUCTION
Mps-one-binder (Mob) family proteins belong to a conserved gene family found in yeast[1-3], Drosophila[4,5] and
mammals[6]. Mob1 protein was originally identified as
a regulator of mitotic exit and cytokinesis in yeast[1]. In
Drosophila, Mob1 is a key component of the Hippo
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signaling pathway[5,7] and thus plays a role in tumor suppression. Mob2 binds to Cbk1, a conserved protein
kinase that is similar to human myotonic dystrophy kinase. Mob2 promotes polarized cell growth and induces
asymmetric cell fate in fission yeast[3,8-10]. In Drosophila,
the Mob2 protein binds directly to the Tricornered protein, an ortholog of nuclear Dbf2-related (Ndr) kinase[11].
Previous work has also shown that Dmob2 is involved
in photoreceptor morphogenesis by regulating the subcellular localization of Crumbs, a cell polarity gene, and
phosphorylated moesin[12]. Knockdown of Dmob2 expression causes abnormal actin rearrangement and results
in abnormal rhabdomere formation, which suggests that
Dmob2 may regulate actin dynamics during rhabdomere
formation[12].
Ndr kinase belongs to a subfamily of serine/threonine protein kinases that control cell division and morphogenesis in various cell types[13]. Ndr2 is induced in
the mouse amygdala during fear memory consolidation.
Other studies have demonstrated that this kinase plays an
important role in neurite formation[14]. Tricornered, the
Ndr kinase ortholog in Drosophila, interacts with actin
filaments and regulates dendritic tiling and branching[11].
SAX-1, the ortholog of Ndr kinase in nematodes, activates the RhoA-GTPase signaling pathway during neurite
formation[14]. These results strongly indicate the importance of Ndr kinases in neurite formation. Mob proteins
have been shown to bind Ndr kinases, making them
important in kinase activation[6]. In this study, we investigated what role Mob proteins play in the human hepatic
carcinoma cell line SMMC-7721.

by reverse-transcriptase polymerase chain reaction. The
primer pairs for MOB2 fragment amplification were designed based on the MOB2 mRNA sequence provided
by GenBank using the Premier Primer 5.0 software package. The primer sequences used were as follows:
5 ’ - C C C A AG C T T C C AT G G AC T G G C T C ATGGGGAAGTC-3’ (forward primer) and 5’-CGGGGTACCTCATCTCCTTCACGTGGTTCTG-3’ (reverse
primer). The reaction conditions were as follows: 94 ℃
for 1 min, 94 ℃ for 30 s, 60 ℃ for 30 s, and 68 ℃ for 75
s. After 35 amplification cycles, the product was extended
at 68 ℃ for 2 min. After removal of the pEGFP cDNA
with HindⅢ and KpnⅠ, the amplified fragment was inserted into pEGFP-C1 to make the expression vector
pEGFP-C1-MOB2.
Cell culture and gene transfection
SMMC-7721 cells were maintained in Dulbecco’s Modified Eagle’s Medium containing 10% calf serum, 100 U/
mL penicillin and 100 μg/mL streptomycin in a humidified chamber at 37 ℃ with 5% CO2. Transient transfections were performed. Gene transfer was conducted using the liposome-mediated method (Lipofectamine 2000;
Invitrogen, United States) according to the manufacturer’
s instructions. Blank control, empty vector (pEGFP-C1)
and pEGFP-C1-MOB2 transfection groups were constructed in this experiment.
Western blotting
To harvest cells under non-denaturing conditions, we
removed the medium and rinsed the cells with ice-cold
PBS. Ice-cold lysis buffer (500 µL) was added to each
well. The cells were scraped from the surface and transferred to an Eppendorf tube on ice. Each sample was
then sonicated four times for 5 s while being kept cold.
The mixture was centrifuged for 10 min at 4 ℃, and the
supernatant was saved as lysate for later use. The proteins
(150 µg) in the lysate were separated by sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis (10%
polyacrylamide gel containing 0.1% SDS) and then transferred to a polyvinylidene difluoride membrane by electrophoretic blotting. The membranes were probed with
specific antibodies and then treated with anti-rabbit IgGHRP (1:2000). Protein bands were visualized by enhanced
chemiluminescence using the procedure recommended
by the manufacturer (Thermo Scientific, United States).
The expression of GAPDH was measured as a control.

MATERIALS AND METHODS
Materials
The eukaryotic expression vector pEGFP-C1 and competent cells of Escherichia coli DH5α were routinely preserved by the central laboratory of our hospital. We used
the following materials in our studies: RNeasy Protect
mini kit (Qiagen, Germany); SMARTTM PCR cDNA
synthesis kit (Clontech, United States); DNA gel extraction kit (Dalian TaKaRa, China); plasmid mini preparation kit (Shanghai Huasun Biotechnology, China); KODPlus DNA polymerase (TOYOBO, United States); T4
DNA ligase and restriction enzymes (HindⅢ and Kpn
Ⅰ) (New England Biolabs, United States); Lipofectamine
2000 (Invitrogen, United States); rabbit anti-MOB2
monoclonal antibody (Santa Cruz Biotechnology, United
States); and horseradish peroxidase (HRP)-conjugated
goat anti-rabbit IgG (Zhongshan, China). Nucleic acid
sequencing was performed by Shanghai Yingjun Bioengineering (China). MOB2 and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) primers were synthesized by
Shanghai Yingjun Bioengineering.

Flow cytometry analysis
Cell cycle parameters were determined by propidium iodide labeling of nuclear DNA. Cells (106) were trypsinized
and resuspended in 70% ethanol before being stored for
later use. The cells were treated with RNase and Triton
X-100 as well as with propidium iodide to label the nuclear
DNA. The labeled cells were analyzed by flow cytometry
at 630 nm for propidium iodide. The cell cycle parameters
were determined using the DNA cell cycle analysis in the
software provided by the manufacturer (Invitrogen).

Construction of recombinant MOB2 vector
Total RNA was isolated from human umbilical vein endothelial cells. Full-length MOB2 cDNA was amplified
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Figure 1 MOB2 protein level in SMMC-77211 cells. 1: Control group; 2:
Empty vector transfection group; 3: pEGFP-Cl-MOB2 transfection group.

1

Determination of growth of cancer cells using trypan
blue staining
SMMC-7721 cells were trypsinized and seeded into
24-well plates at a density of 105/mL. After transfection,
cells were digested and counted using trypan blue staining under an inverted light microscope for five consecutive days.
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Figure 2 Effects of pEGFP-C1-MOB2 transfection on proliferation of
SMMC-7721 cells.
100

Plate colony formation assay
Approximately 100 cells were added to each well of a sixwell culture plate. After incubation at 37 ℃ for 15 d, cells
were washed twice with PBS and stained with Giemsa
solution. The number of colonies containing ≥ 50 cells
was counted under a microscope [plate clone formation
efficiency = (number of colonies/number of cells inoculated) × 100%]. Each experiment was performed in
triplicate.
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Statistical analysis
Student’s t test and analysis of variance were performed
for statistical analysis with SPSS version 10.0.
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Figure 3 The growth of SMMC-7721 cells was examined by plate colony
formation assay. aP < 0.05 when compared with pEGFP-C1-MOB2 cells and
control vector cells.

Verification of MOB2 expression vector
After the recombinant plasmid pEGFP-C1-MOB2 was
digested by both HindⅢ and KpnⅠ, two bands appeared
in the gels, with the larger band at about 3945 bp and
the smaller one at 734 bp, showing that the eukaryotic
expression vector had been successfully constructed.
The results of nucleic acid sequencing indicated that the
full-length Chinese MOB2 cDNA had been cloned successfully. BLAST analysis demonstrated that the cloned
sequence was 100% homologous to the previously reported MOB2 sequence.

MOB2 inhibits cell proliferation in vitro
To analyze the function of MOB2, we studied the rate
of cell proliferation of MOB2-expressing SMMC-7721
cells. The growth curves, as determined by a trypan blue
staining assay, showed that MOB2 significantly inhibited
proliferation of SMMC-7721 cell lines when compared
with parental SMMC-7721 cells and control clone cells
(Figure 2). A colony formation assay showed that MOB2overexpressing SMMC-7721 cells formed significantly
fewer colonies than control clone cells (P < 0.001) (Figure
3), suggesting an inhibitory effect of MOB2 on human
hepatic carcinoma SMMC-7721 cells.

Detection of MOB2 expression
Western blotting indicated that uninfected SMMC-7721
cells and empty-vector-infected SMMC-7721 cells showed
only faint traces of MOB2 gene product. In contrast,
a bright MOB2 band was obtained from pEGFP-C1MOB2-infected SMMC-7721 cells. Western blotting indicated that 72 h after transfection with pEGFP-C1-MOB2,
MOB2 protein expression increased by 3.8 times compared with that of the control group (P < 0.01). These
results suggested that the transduction of the MOB2 gene
was successful and that expression of the protein was significantly higher after transfection (Figure 1).

WJG|www.wjgnet.com

2

Inhibition of cell cycle by MOB2
To determine the effect of MOB2 on the cell cycle, we
measured cell cycle distribution in MOB2-expressing
SMMC-7721 cells. In these cell lines, the S-phase population was markedly decreased while the G1 population
was significantly increased compared with the controlvector cells and the SMMC-7721 cells (P < 0.01). Neither
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SMMC-7721

Table 1 Overexpression of MOB2 retarded cell cycle
progression from G1 to S phase

pEGFP-C1/SMMC-7721

Cell cycle distribution (%)

80

pEGFP-C1-MOB2/SMMC-7721

Group
60

40

20

G1

S

G2

SMMC-7721
42.41 ± 2.32 32.52 ± 4.53 23.54 ± 3.42
pEGFP-Cl/SMMC-7721
45.45 ± 1.32 31.3 ± 3.11 24.24 ± 1.32
pEGFP-Cl-MOB2/SMMC-7721 65.33 ± 4.34 17.33 ± 2.65 16.82 ± 3.14

a

0

Cell cycle
G1

S
Cell cycle

our results clearly suggest that overexpression of MOB2
can inhibit proliferation and result in apoptosis of ovarian cancer cells. Therefore, reactivation of the MOB2 signaling pathway might provide an effective gene therapy
strategy for human hepatic carcinoma.

G2

Figure 4 The cell cycle in parental SMMC-7721 cells, control vector cells
and pEGFP-C1-MOB2 cells was determined by FACS Caliber cytometry. aP
< 0.05 when compared with pEGFP-C1-MOB2 cells and control vector cells.

COMMENTS
COMMENTS
Background

Some reports suggest that knockdown of MOB2 expression causes abnormal
actin rearrangement and results in abnormal rhabdomere formation in Drosophila. However, few reports exist regarding the effects in MOB2 on cancer
cells. In this study, the authors investigated what role the MOB2 proteins play in
the human hepatic carcinoma cell line, SMMC-7721.

cell line had significant changes in the G2 population
(Figure 4, Table 1).

DISCUSSION

Innovations and breakthroughs

Ndr kinase belongs to a subfamily of serine/threonine
protein kinases that control cell division and morphogenesis in various cell types[13]. Ndr2 is induced in the
mouse amygdala during fear memory consolidation.
Further studies have demonstrated that this kinase plays
an important role in neurite formation[14]. Tricornered,
the Ndr kinase ortholog in Drosophila, interacts with
actin filaments and regulates dendritic tiling and branching[11]. SAX-1, the ortholog of Ndr kinase in nematodes,
activates the RhoA-GTPase signaling pathway during
neurite formation[14]. These results strongly indicate the
importance of Ndr kinases in neurite formation. Mob
proteins have been shown to bind Ndr kinases, making
them important in kinase activation[6]. These results suggest that MOB2 might play a suppressive role in tumor
pathogenesis.
To examine whether MOB2 plays a suppressive role
in cancer cells, we applied a gain-of-function approach
by introducing MOB2 into cells to investigate its biological function. SMMC-7721 cells were transfected
with a MOB2-pEGFP-expressing eukaryotic vector and
selected using G418. We successfully established cell
lines that stably expressed MOB2 protein at dramatically
elevated levels compared with control cells. Subsequent
functional studies demonstrated that overexpression of
MOB2 led to G1/S transition blockage and significantly
reduced in vitro cell growth.
A tumor suppressor gene is a gene that slows down
cell growth and thus reduces the probability that a cell in
a multicellular organism will turn into a tumor cell. A mutation or deletion of such a gene increases the probability
of the formation of a tumor and fails to keep cancer
from growing. The results of the present study indicate
that the MOB2 gene plays a role in carcinogenesis and
may be a candidate tumor suppressor gene. Furthermore,
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In this study, by cloning the MOB2 gene and transferring it into hepatocellular
carcinoma cell line SMMC-7721, the authors investigated the growth-inhibiting
and apoptosis-inducing effects of MOB2 gene on carcinoma cells and concluded that the over-expression of MOB2 gene could induce apoptosis and inhibit
the growth of hepatic carcinoma cell line SMMC-7721.

Applications

These results suggest that MOB2 functions as an inhibitor of hepatic carcinoma
and might serve as a new novel biological target to cure hepatic carcinoma.

Terminology

Mps-one-binder (Mob) family proteins belong to a conserved gene family
found in yeast, Drosophila, and mammals. In Drosophila, MOB2 acts as a tumor suppressor through its function as a key component of the Hippo signaling
pathway.

Peer review

In this study, the authors applied a gain-of-function approach to examine the
biological processes regulated by MOB2 in SMMC-7721 cells. They demonstrated the functional importance of MOB2 in the suppression of SMMC-7721
cell growth. This is an important result, and it can bring out a new field in clinical
tumor treatment.
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RESULTS: Three patients with liver tumor were analysed. The first case was a 60-year-old female with a
huge haemangioma located in S1, S4, S5, S6, S7 and
S8 of liver; the second was a 64-year-old man with
cholangiocarcinoma in S1, S2, S3 and S4 and the third
one was a 55-year-old man with a huge cholangiocarcinoma in S1, S5, S7 and S8. The operation time for
the three patients were 6.6, 6.4 and 7.3 h, respectively. The anhepatic phases were 3.8, 2.8 and 4.0 h.
The volume of blood loss during operation were 1200,
3100, 2000 mL in the three patients, respectively. The
survival periods without recurrence were 22 and 17 mo
in the first two cases. As for the third case complicated
with postoperative hepatic vein outflow obstruction,
emergency hepatic vein outflow extending operation
and assistant living donor liver transplantation were
performed the next day, and finally died of liver and
renal failure on the third day. Operation time (6.7 ± 0.47
h vs 13.7 ± 2.6 h) and anhepatic phase (3.5 ± 0.64 h
vs 5.7 ± 1.7 h) were compared between Pichlmayr’s
group and our series (P = 0.78).

Abstract

CONCLUSION: Ex-situ liver resection and liver autotransplantation has shown a potential for treatment of
complicated hepatic neoplasms that are unresectable
by traditional procedures.

AIM: To evaluate the results of hepatic resection with

ex-situ hypothermic perfusion and without veno-venous
bypass.

© 2012 Baishideng. All rights reserved.

METHODS: In 3 patients with liver tumor, the degree
of the inferior vena cava and/or main hepatic vein
involvement was verified when the liver was dissociated in the operation. It was impossible to resect the
tumors by the routine hepatectomy, so the patients
underwent ex-situ liver surgery, vein cava replacement
and hepatic autotransplantation without veno-venous
bypass. All surgical procedures were carried out or supervised by a senior surgeon. A retrospective analysis
was performed for the prospectively collected data
from patients with liver tumor undergoing ex-situ liver
surgery, vein cava replacement and hepatic autotransplantation without veno-venous bypass. We also compared our data with the 9 cases of Pichlmayr’s group.
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INTRODUCTION

Table 1 General conditions of the three patients with liver tumor

In 1988, ex vivo liver resection and liver autotransplantation were pioneered by Pichlmayr et al[1], who tried to
open a new platform for unresectable hepatobiliary malignancies and explore new modalities for liver surgery.
In 1990, the whole liver was explanted and then perfused
with cold preservation solution. The hepatic resection
was performed on the back table and the remnant liver
was reimplanted orthotopically. The aim of the extracorporeal hypothermic parenchymal resection was to extend
oncological radicality by achieving an R0 margin with a
better tumor-free cutting edge. But ex-situ liver surgery
with veno-venous bypass aggravated ischemia-reperfusion injury of liver and resulted in the liver failure, which
is the most common reason for the operation abortion.
Subsequently, Hannoun et al[2] and Sauvanet et al[3] endeavored to improve the ex-situ technique. However, it
is still difficult to avoid the ischemia-reperfusion injury
and liver failure. To resolve this problem, we performed
ex-situ liver surgery without veno-venous bypass in three
patients with tumors involving inferior vena cava (IVC)
based on the animal experiments. We introduce our experience in this operation as follows.

No.
1

Age
(yr)

Female 60

2

Male

64

3

Male

55

Disease

Tumor
Vessels involved
Segments
diameter
or infiltrated
involved
(cm)

Hemangioma 1, 4, 5, 6, 7,
8
Cholangiocar- 1, 2, 3, 4
cinoma
Cholangiocar- 1, 5, 7, 8
cinoma

20
6
5

IVC (circum 190°,
length 5 cm)
IVC (circum 80°,
length 3 cm)
IVC (circum 60°,
length 2 cm)
RHV, MHV, RPV

IVC: Inferior vena cava; RHV: Right hepatic vein; MHV: Main hepatic vein;
RPV: Right portal vein; Circum: Circumference.

Anesthetic management
This type of surgery should be performed always with
the presence of anesthesiologists who have experience
with liver resection and are able to manage prolonged
IVC occlusion and the changes that occur with liver reperfusion. During surgery, all patients were monitored by
standard non-invasive techniques. In addition, a SwannGanz catheter and an arterial line should be placed
before surgery in the patients who planned to undergo
total vascular exclusion (TVE) with hypothermic perfusion. Body warmers were routinely employed to prevent
hypothermia intraoperatively.

MATERIALS AND METHODS
Patients
From December 1999 to December 2008, a total of 1700
patients with hepatic tumors underwent routine hepatectomy at our hepatobiliary department. The extent of IVC
and/or main hepatic vein (MHV) involved by the tumors
was assessed by preoperative radiographic inspection.
However, the degree of the tumor-involved IVC and/or
main hepatic vein could not be confirmed by the preoperative inspection in three patients. Finally, it was verified
when the liver was dissociated during the operation. The
tumors were unresectable by the routine hepatectomy, so
we performed ex-situ liver surgery, vein cava replacement
and hepatic autotransplantation without veno-venous
bypass. All surgical procedures were carried out or supervised by a senior surgeon (Dong JH). Patients’ conditions
are summarized in Table 1. There were two males and
one female, with a mean age of 60 years (range, 55-65
years). Two patients suffered from chloangiocarcinoma
and the other one from hemangioma.

Method and techniques
We routinely used a bilateral subcostal incision which
provided adequate exposure for almost all types of liver
resection. After mobilization of liver, a double examination of the liver by palpation and ultrasonography was
performed to confirm the number and size of the lesions, to define their relationship to intrahepatic vascular
structures, exclude undiagnosed liver metastases and
lastly to determine the resection line.
The approach of vascular control was chosen depending on the tumor location and extent of tumor involvement. The retrohepatic cava was partially occluded
by a side clamp[4] if the extent of involved IVC was small
(≤ 60° circumferentially and ≤ 2 cm longitudinally).
However, the TVE was needed to guarantee clear surgical field[4-8] if the IVC was involved in a larger extent. The
technique of TVE we used involves mobilization of the
liver, exposure and control of the suprahepatic and infrahepatic vena cava as well as the portal structures (portal
vein and hepatic artery)[9,10]. En bloc liver and a segment of
the vena cava were removed finally (Figure 2A).
IVC was quickly replaced with a 20-mm ringed polytetrafluoroethylene (PTFE) graft if it was infiltrated by the
tumor. After that, IVC was unclamped (Figure 2B).

Preoperative assessment
All patients were examined with computed tomography
(CT) as indicated to exclude extrahepatic malignant disease of the abdomen, pelvis or chest. The location of
the tumor and extent of involvement of intrahepatic
vessel and IVC (Table 1) were assessed before surgery
with CT (Figure 1A) and magnetic resonance imaging
(Figure 1B). Cardiovascular, renal and pulmonary fitness
for surgery was evaluated with an exercise electrocardiogram, chest radiography, and pulmonary function testing
in all patients.
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Sex

Hypothermic hepatic perfusion and bench hepatectomy: After parenchymal transection was completed, the
liver was perfused and harvested as described for whole
organ procurement. The hilar structures were divided on
the bench. After cannulation of the portal and arterial
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A

B

Figure 1 Computed tomography and magnetic resonance imaging of tumor. A: Preoperative computed tomography scan (case 1) demonstrated a large hemangioma located in S1, S4, S5, S6, S7 and S8 of liver, and inferior vena cava (IVC) was involved and compressed severely (IVC circumference 190°, longitude 5 cm); B:
Magnetic resonance imaging (case 3) showed the tumor located in S1, S5, S7 and S8, with a diameter of 5 cm; IVC (circumference 60°, longitude 2 cm), right hepatic
vein thrombus, main hepatic vein as well as right portal vein were infiltrated by the tumor.

A

B

C

D

Figure 2 Main technical aspects of ex-situ liver surgery without veno-venous bypass. A: Bench hepatectomy-cutting line of removed liver (case 3); B: Infiltrated
inferior vena cava was replaced with a 20-mm ringed polytetrafluoroethylene graft; C: Reconstruction of inferior vena cava when polytetrafluoroethylene graft was
removed (case 1); D: Anastomosis was performed in excised portal vein, hepatic artery and hepatic duct of residual right hepatic lobe (case 2).

systems, the liver was flushed with preservation solution
[histidine-tryptophan-ketoglutarate (HTK)-Bretschneider]
at 4 ℃ and packed with ice immediately. The volume of
HTK used was 1 L. Proper hepatic artery and common
bile duct were flushed respectively as well. The tumor
was excised with cavipulse ultrasonic surgical aspirator
and dipolar electrosurgical unit under intraoperative ultrasonographic guide, and the involved blood vessels were
partially exscinded, repaired, formed and reconstructed.
Figure 2C shows that the involved IVC was peeled off,
trimmed and replaced anastomosed PTFE graft in right

WJG|www.wjgnet.com

trisegmentectomy in the case of hemangioma.
The hepatic resection was performed on the back
table and the remnant liver was reimplanted orthotopically (Figure 2D). After meticulous hemostasis, a fibrin
glue sealant was sprayed on the cut surface. After irrigation, a closed suction drain was inserted, and the wound
was closed in layers.
Statistical analysis
Fisher’s exact tests were used to compare variables between Pichlmayr et al[1] and the present series. All statisti-
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Table 2 Details of ex-situ hepatectomy without venous bypass in the three patients
No.
1

2

3

Hepatectomy

Segments
resected

IVC reconstruction

Operation
time (h)

Ex vivo hepatectomy 1, 4, 5, 6, 7, 8 Synthetic graft and
with reimplantation of
autologous IVC
segment 2 and 3
Ex vivo hepatectomy
1, 2, 3, 4
Synthetic graft
with reimplantation of
segment 4b, 5, 6, 7, 8
Ex vivo hepatectomy
1, 5, 6, 7, 8
Synthetic graft
with reimplantation of
segment 2, 3, 4

Anhepatic Blood loss
(mL)
phase (h)

Complication

Hospital
stay (d)

Outcome

6.6

3.8

1200

Pleural effusion

28

Alive without disease
22 mo after operation

6.4

2.8

3100

No

38

Alive without disease
17 mo after operation

7.3

4.0

2000

Liver and renal
failure

11

Died

IVC: Inferior vena cava.

DISCUSSION

Table 3 Difference of operation time and anhepatic phase
between our study and Pichlmayr’s venous bypass group
n
Pichlmayr’s

9

Present series

3

Operation time
(h)

Ex-vivo liver resection and liver autotransplantation represents a new approach for liver surgery. We simplified
the operation by omitting the veno-venous bypass, which
shortened the operative time and anhepatic period.
Most liver tumors can be removed with conventional
resection techniques using partial or total vascular occlusion when needed. But it is difficult to resect the central liver or posterior segments where hepatic veins are involved.
The procedure would result in massive hemorrhage or air
embolism if it was performed in such patients.
The accessory left hepatic artery should be occluded
carefully, or it will lead to hepatic congestion or excessive
bleeding. Huguet et al[9] and Choi et al[10] reported that
TVE resulted in blood congestion of IVC and portal
vein definitely and caused a series of physiopathologic
problems. The congested blood re-enters the circulation
and aggravates the injury of ischemia-reperfusion when
the influx was recovered, especially in patients with liver
cirrhosis. The mortality can reach up to 75% after the
hepatectomy using the TVE method.
With the development of surgical techniques, the veno-venous bypass has been applied to complicated hilum
hepatectomy[1,11]. The blood in portal vein and IVC was
by-passed by the bio-pump to ensure the stability of general circulation and lessen the ischemia-reperfusion injury
when the TVE was performed. The total veno-venous
bypass technique enhances the tolerance of liver to warm
ischemia. In this condition, the safe time limit of liver
tolerance to total vascular occlusion seems to be 30-120
min[7,12,13], which is short for extensive and complex tumors in a direct contact with major vascular structures.
To overcome this limitation and to reduce liver damage, the concept of hypothermic perfusion has come into
consideration. This technique enables liver resection to
proceed in situ, ante situm or ex vivo. The liver was filled by
Belzer’s University of Wisconsin solution. The tolerance
to the ischemia phase is extended to 4 h with hypothermic liver perfusion. Azoulay et al[14] completed complicated liver resections using combined veno-venous bypass
and in situ hypothermic perfusion, and they testified that
the duration of liver tolerance to ischemia could last 90

Anhepatic phase Postoperative
(h)
death

13.7 ± 2.6
(11-18)
6.7 ± 0.47
(6.4-7.3)

5.7 ± 1.7
(4-9)
3.5 ± 0.64
(2.8-4.0)

3
1

cal analyses were performed using Stat View 5.0J (Abacus
Concepts, Berkeley, CA). P < 0.05 was defined as significant difference.

RESULTS
Neither major perioperative surgical nor anesthesiological complications were observed and no respiratory
complications were noticed during surgery or the immediate postoperative period. Patient general features and
tumor characteristics are summarized in Table 1. The
intraoperative clinical outcomes and postoperative clinical course are summarized in Table 2. The first case was
a 60-year-old female with a huge hemangioma located in
S1, S4, S5, S6, S7 and S8 of the liver; the second was a
64-year-old man with cholangiocarcinoma in S1, S2, S3
and S4 and the third one was a 55-year-old man with a
huge chloangiocarcinoma in S1, S5, S7 and S8 (Table 1).
The operation time for the three patients were 6.6, 6.4
and 7.3 h, respectively. The anhepatic phases were 3.8, 2.8
and 4.0 h. The volume of blood loss during operation
were 1200, 3100 and 2000 mL, respectively. The survival
period without recurrence was 22 and 17 mo in the first
two cases, respectively. As for the third case, which was
complicated with hepatic vein outflow obstruction after
operation, emergency hepatic vein outflow extending
operation and assistant living donor liver transplantation
(LDLT) were performed the next day, and finally he died
of liver and renal failure on the third day. Operation time
(6.7 ± 0.47 h vs 13.7 ± 2.6 h) and anhepatic phase (3.5 ±
0.64 h vs 5.7 ± 1.7 h) were compared between Pichlmayr
et al[1] and our series (Table 3) (P = 0.78).
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min at least in 85% cases. The IVC must be replaced and
reconstructed if it is infiltrated by tumors extensively.
Ante situm liver resection (in vivo hypothermic perfusion and veno-venous bypass) has been applied widely
to resect the tumors located in hepatic hilum, confluence
of hepatic vein and IVC, but veno-veinous bypass was
used during the operation which led to severe water,
electrolyte and acid-base imbalance during the first postoperative week. Azoulay et al[14] reported that the mortality from ex-situ liver resection with hypothermic perfusion
(28%) was higher than that from in vivo hepatectomy (8%).
We reviewed the pertinent literature published from
1992 to 2007 and found that 41 cases underwent ex-situ
liver surgery with hypothermic perfusion. But only one
patient underwent ex-situ liver surgery with hypothermic
perfusion without veno-venous bypass, and the patient is
still alive[15]. However, 10 patients died after the resection
with veno-venous bypass with a mortality of 24%[15-22].
Cabezuelo et al[23] suggested that, in the resection with
veno-venous bypass, the hemodynamic stability of the
body and regional organs (kidney, gastrointestinal tract)
was improved during the anhepatic phase, but the rate
of kidney failure was not decreased. The procedure without veno-venous bypass has been verified to be feasible
and safe during the past few years. The cost was reduced
because this technique shortens the total operation time,
reduces hemorrhage during operation and decreases the
rates of reperfusion injury.
Taking into account these controversial facts and the
deficiency of liver graft, we performed ex-situ liver surgery, vein cava replacement and hepatic autotransplantation without veno-venous bypass in three cases. The general conditions of the three cases are described in Table 1.
The first case is a patient with a huge hemangioma located in S1, S4, S5, S6, S7 and S8 (Figure 1A) where IVC
was involved and compressed severely. It is likely to lead
to grave hemorrhea if IVC is dissected in the operation
because of involvement of IVC (circumference 190°, longitude 5 cm). The other two cases were patients with cholangiocarcinoma located at S1, S2, S3 and S4 and S1, S5,
S7 and S8, respectively. The extension of infiltrated IVC
was large (circumference ≥ 60°, longitude ≥ 2 cm)[6,24].
Although the tumor diameter was about 5 cm, the
IVC, right hepatic vein, MHV and right portal vein were
involved in the third patient. And the aim of cholangiocarcinoma resection was to achieve an R0 margin
with a better tumor-free cutting edge. So it is difficult
to complete the resection in a short time if the in situ or
ante situm procedure was performed. But the ex-situ liver
resection with hypothermic perfusion could decrease
the chance of blood disseminated, and provide more
chances to achieve an R0 margin[25].
We have accumulated much experience in performing complicated hepatectomy and liver transplantation.
Before we performed the ex-situ liver surgery under hypothermic perfusion and without veno-venous bypass,
we had done the operation in the animal experiments
with the protocol approved by the ethics committee of
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the hospital. In order to shorten the operation time, we
repaired the IVC, and performed the ex-vivo hepatectomy
when the IVC was resected at back table in the first case.
The segment S2 and S3 was autotransplanted when the
PTFE graft was removed. The operation time and the
anhepatic phase were 6.6 and 3.8 h, respectively.
For the other two patients with cholangiocarcinoma,
we performed ex- vivo hepatectomy with liver reimplantation. The segment 4b, 5, 6, 7 and 8 and segment 2, 3 and
4 were autotransplanted, respectively. Their operation
time was 6.4 and 7.3 h and anhepatic phase was 2.8 and
4.0 h, respectively.
We compared our data with the Pichlmayr et al[1] of
9 cases undergoing ex-vivo hepatectomy with veno-veno
bypass. Our procedure shortened the time of surgery and
anhepatic phase because we avoided the veno-venous
bypass, although there was no significant difference between the different techniques (P = 0.78), possibly due to
the small number of cases. Furthermore, no hepatic dysfunction resulting from the delayed liver hemoperfusion
occurred in our group after operation. But in the 9 cases
of Pichlmayr et al[1], four cases suffered from hepatic
dysfunction because of the delayed liver hemoperfusion.
Although 3 cases received liver transplantation, they were
all died of liver failure finally. In our study, the patients 1
and 2 are still alive without recurrence. The third case was
complicated with acute liver failure because of outflow
obstruction of hepatic vein after operation. Although
emergency hepatic vein outflow extending operation and
assistant LDLT were performed the next day, he died of
liver and kidney failure at last. Therefore, it is important
to reconstruct the outflow tract of hepatic vein for ex-vivo
hepatectomy.
In conclusion, the ex-situ liver surgery under hypothermic perfusion and without veno-venous bypass extends
the group of surgical patients, and offers a chance for the
patients with unresectable liver tumor by traditional procedures. But further clinical studies are needed to verify
the feasibility of this technique in clinical practice.

COMMENTS
COMMENTS
Background

Primary liver malignancies together with metastatic liver tumors are the most
common tumor types in human. Experimental studies are being conducted in
hepatic resection with ex-situ hypothermic perfusion if huge lesions are located
in hepatic hilum or hepatic vein confluence, which involved and/or infiltrated
main hepatic vein and inferior vena cava (IVC).

Research frontiers

In some patients, the degree of the IVC and/or main hepatic vein involved by
tumors is so extensive that it is impossible to resect the tumors by the routine
hepatectomy. The ex-situ liver surgery, vein cava replacement and hepatic autotransplantation without veno-venous bypass have been performed.

Innovations and breakthroughs

The extracorporeal hypothermic parenchymal resection was to extend the oncological radicality by achieving an R0 margin with a better tumor-free cutting
edge. But ex-situ liver surgery with veno-venous bypass aggravates ischemiareperfusion injury of liver and results in liver failure. To resolve this problem, the
authors performed ex-situ liver surgery without veno-venous bypass in three
cases with tumors involving IVC based on animal experiments.
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Applications

Ex-vivo liver resection and liver autotransplantation has shown a potential for
treatment of complicated hepatic neoplasms that are unresectable by traditional
procedures.
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The authors described their experience in hepatic resection with total vascular
exclusion, ex-situ liver surgery, without the need of veno-venous bypass because of immediate replacement of inferior vena cava. The topic is of interest in
the specific surgical field.
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CO2 insufflation and air insufflation in the ESE, respectively. The end-tidal CO2 level (pETCO2) was observed
at 4 time points: at the beginning of ESE, at total
removal of the tumors, at completed wound management, and 10 min after ESE. Additionally, the patients’
experience of pain at 1, 3, 6 and 24 h after the examination was registered using a visual analog scale (VAS).

Abstract

© 2012 Baishideng. All rights reserved.

AIM: To evaluate the safety and efficacy of CO2 insufflation compared with air insufflation in the endoscopic
submucosal excavation (ESE) of gastrointestinal stromal tumors.

Key words: Carbon dioxide insufflation; Endoscopic
submucosal excavation; Gastrointestinal tract; Stromal
tumor; Treatment

RESULTS: Both the CO 2 group and air group were
similar in mean age, sex, body mass index (all P > 0.05).
There were no significant differences in PetCO2 values
before and after the procedure (P > 0.05). However,
the pain scores after the ESE at different time points in
the CO2 group decreased significantly compared with
the air group (1 h: 21.2 ± 3.4 vs 61.5 ± 1.7; 3 h: 8.5
± 0.7 vs 42.9 ± 1.3; 6 h: 4.4 ± 1.6 vs 27.6 ± 1.2; 24
h: 2.3 ± 0.4 vs 21.4 ± 0.7, P < 0.05). Meanwhile, the
percentage of VAS scores of 0 in the CO2 group after 1, 3,
6 and 24 h was significantly higher than that in the air
group (60.7 ± 1.4 vs 18.9 ± 1.5, 81.5 ± 2.3 vs 20.6 ±
1.2, 89.2 ± 0.7 vs 36.8 ± 0.9, 91.3 ± 0.8 vs 63.8 ± 1.3,
respectively, P < 0.05). Moreover, the condition of the
CO2 group was better than that of the air group with
respect to anal exsufflation.
CONCLUSION: Insufflation of CO2 in the ESE of gastrointestinal stromal tumors will not cause CO2 retention and it may significantly reduce the level of pain,
thus it is safe and effective.

Peer reviewers: Braden B, Reprint Author, Univ Hosp, Dept

METHODS: Sixty patients were randomized to undergo endoscopic submucosal excavation, with the CO2
group (n = 30) and the air group (n = 30) undergoing
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Med 2, Theodor Stern Kai 7, D-60590 Frankfurt, Germany;
Kiriyama S, Reprint Author, Natl Canc Ctr, Dept Endoscopy,
1-1 Tsukiji 5 Chome, Tokyo, Japan; Mekky MA, Reprint Au-
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from muscularis propria distinguishable by endoscopic
ultrasound (EUS) and computed tomography (CT) (26
were transferred from other hospitals) were enrolled in this
study. One patient diagnosed with rectal malignant mesenchymoma with liver metastasis was not in conformity
with the inclusion criteria. Sixty patients signed the medical
informed consent form before the ESE. All 60 patients
gave their consent to be randomized to undergo endoscopic submucosal excavation with insufflation of air (n =
30) or CO2 (n = 30) by means of random numbers generated from the computer. The 60 patients were clinically
manifested by abdominal discomfort, abdominal mass and
hematochezia without intestinal obstruction; 13 of the 60
patients did not experience any noticeable symptoms.
The exclusion criteria were as follows: malignant
GISTs with metastasis; intestinal obstruction; vascular
invasion; large lesion (> 10 cm) that failed complete resection; young age (< 14 years) and incapable of finishing
the relevant questionnaire; chronic obstructive pulmonary
disease patients with the retention of CO2; acute digestive
tract hemorrhage or variation from normal; shock with
various causes; severe cardiopulmonary cerebral diseases;
inability to tolerate the preoperative preparation; allergic
to propofol; pregnancy, breast-feeding, etc.

thor, Aichi Canc Ctr Hosp, Dept Gastroenterol, Chikusa Ku, 1-1
Kanokoden, Nagoya, Aichi 4648681, Japan
Shi WB, Wang ZH, Qu CY, Zhang Y, Jiang H, Zhou M, Chen Y,
Xu LM. Comparison between air and carbon dioxide insufflation in the endoscopic submucosal excavation of gastrointestinal
stromal tumors. World J Gastroenterol 2012; 18(48): 7296-7301
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i48/7296.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i48.7296

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most common tumors of mesenchymal tissue in the digestive system, with a property of non-directional differentiation.
They are formed as a result of the overproliferation of
immature spindle cells or epithelioid cells[1], and characterized by overexpression of CD117 and CD34 based on
the pathology. Thus, they can be distinguished from other
mesenchymal tissue tumors such as leiomyoma, leiomyosarcomas, Schwann tumors and neurofibroma, etc.
GISTs appear unexpectedly, and the significance of
EUS in the diagnosis and differentiation of GISTs has
now been defined[2]. However, GISTs should be considered as tumors inclined to recur and metastasize because
their potential malignancy is difficult to predict. GISTs
which are derived from the mucous layer and submucosa
in the digestive tract are usually referred to endoscopic
treatment, but lesions originating from the muscularis
propria are difficult to completely resection; furthermore,
multiple complications such as acute perforation can occur.
In recent years, with rapid advances in endoscopic
submucosal excavation (ESE) to treat GISTs, ESE has
been the preferred choice instead of surgical excision
and follow-up observation as in the past. However, abdominal pain and abdominal discomfort after operation
are apparent in patients undergoing ESE with the insufflation of air. Using CO2 as a replacement for air could
mean a remarkable improvement, because CO2 can be
absorbed by the gastrointestinal mucosa rapidly and be
discharged from the body by respiration.
Foreign experts and scholars have begun investigating the application of CO2 in endoscopic submucosal
dissection[3], endoscopic retrograde cholangiopancreatography[4], as well as in double-balloon enteroscopy[5], etc. So
far, however, there has no report about the effect of endoscopic submucosal excavation with the insufflation of
CO2. In this study, we evaluate the safety and efficacy of
CO2 insufflation in ESE compared with the insufflation
of air as control. We conducted this work as a prospective, comparative pilot study.

Experimental equipment
The main instruments used included a gastroscope (GIFQ260J, Olympus, Japan), enteroscope (CF-Q260AI, Olympus, Japan), ultrasound gastroscope (UE-260, Olympus,
Japan), CO2 air-insufflation equipment (UCR, Olympus,
Japan), needle (INJ1-A1-07.160, Medwork, Germany),
hot biopsy forceps (FD-1U-1, Olympus, Japan), hemoclips (HX-610-135 and HX-610-090, Olympus, Japan),
needle knife (3281, Boston, America), TT knife (KD-640L,
Olympus, Japan), snare (99052012225MW, MTW/Edoscopic, Germany), high-frequency electric knife (ICC-200,
ERBE, Germany) and argon plasma coagulation (APC300,
ERBE, Germany). A transparent cap (D-201-11802/
D-201-13404/D-201-10704, Olympus, Japan) was added
to the tip of the endoscope during the endoscopic submucosal excavation.
Experimental methods
Intravenous anesthesia was executed by an anesthetist,
who used propofol (AstraZeneca) to maintain general
anesthesia. Routine oxygen treatment was performed (2-3
mL/min); meanwhile, heart rate, respiration, blood pressure, blood oxygen saturation and PetCO2 were continuously monitored under anesthesia. Propofol was started as
normal with 1.5-2.5 mg/kg, observing the change of life
signs. Routine endoscopy was performed as soon as the
absence of consciousness was seen, while respiration, heart
rate, blood oxygen saturation, etc., were essentially normal.
Additional propofol at 0.3-0.5 mg/kg was given to sustain
proper sedation in the event that the patient had a reaction.
No eating or drinking for 8 h prior to surgery was allowed. EUS was performed to ensure the stage and identification of the main lesions. CT examination was also
used to observe the composition of the tumor and the

MATERIALS AND METHODS
Patients
From March 2011 to February 2012, 61 patients diagnosed
as having submucosal lesions of the digestive tract derived
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the switch of the gas pump; both the operator and the
patient did not know what type of gas had been used.

Table 1 Patient characteristics
CO2 insufflation Air insufflation

Group
Age, yr, mean ± SD
Sex (male/female)
Mean BMI (kg/m2)
Previous surgeries, n (%)
Any prior abdominal
surgery
Cholecystectomy
Hysterectomy
Liver transplantation
Other2

P value1

(n = 30)

(n = 30)

52.1 ± 5.1
17/13
21.63

50.9 ± 6.6
16/14
21.79

0.83
0.80
0.54

17 (57)

16 (53)

0.80

9 (30)
3 (10)
2 (7)
5 (17)

11 (37)
2 (7)
1 (3)
2 (7)

0.58

Measuring of PetCO2
Studies have shown that the partial pressure of end-tidal
carbon dioxide (PetCO2) and the arterial partial pressure
of carbon dioxide [p(CO2)] of a normal adult are very
similar and close to each other, so that [p(CO2)] is usually replaced by PetCO2 because of its noninvasive characteristic[6]. In this trial, we use the portable CO2 analyzer
(ULT-1, Datex-Ohmeda, Finland) to measure PetCO2.
The PetCO2 was measured by nurses randomly at the
following four time-points: at beginning of ESE, at total
removal of the tumors, after completed wound management, and 10 min after ESE.

0.30

1

By χ 2 for categorical variables and t test for continuous variables; 2Other
surgeries include ovarian cystectomy[2], appendectomy[2], laparoscopic
gastrectomy[1]. BMI: Body mass index.

Grading of abdominal pain
The 100 mm visual analog scale (VAS) was applied to
grade pain according to the varying degrees of severity[7].
The spectrum of VAS is 0-100; the minimal point is 0
which means no pain, the maximal one is 100 which means
unbearable agony. Patients’ abdominal pain was assessed
at 1, 3, 6 and 24 h after ESE. Consequently, questionnaires
were collected at the endoscopy center in our hospital.

relationship with the surrounding organs and vessels, in
order for it to be distinguished from other lesions. Like
GISTs, advanced gastric cancer or gastric lymphoma can
also grow outward, while GIST always showed the uneven thickening of stomach wall, obvious local invasion
as well as the swelling of perigastric, hilar and abdominal
lymph nodes, with an evenly enhanced mass. Patients
with GISTs originating from the muscularis propria
without metastasis to other regions were treated by endoscopic submucosal excavation under anesthesia.
The standard operating procedures were as follows: (1)
Marking: it is recommended to carry out electrical coagulation at the edge of the distinguished lesion marked by use
of an argon knife; (2) Submucosal insufflation: multiple
parts of the submucosa outside the marker points were
irrigated with normal saline (including methylene blue
and epinephrine); (3) Incising mucosa at the edge of lesion: a needle knife was employed to spot-incise up till the
submucosa, and a TT knife was used to incise the mucosa
along the lateral margin of the marking point; (4) Excision:
a snare was used to enclose the mucosa and submucosa
of the lesions and expose the muscularis propria, then the
lesion was excised along the edge with a TT knife. If lesions which were clinging to the serosa layer could not be
excised completely, it was recommended to perform fullthickness isolation and carry out a perforation initiative.
The wound was then observed carefully to see if there
were tumors remaining. No remaining tumors existed
under endoscopy. Subsequently all the removed tissues
were sent for pathological examination to rule out positive
margins, which proved that the tumor was excavated completely; and (5) Wound management: for the small blood
vessels which were visible in the wound, electrocoagulation
hemostasis was recommended by use of argon knife, and
if need be, the wound was closed by suture with a metallic
hemostatic clamp, as well as by spraying tissue glue on the
wound to prevent hemorrhaging.
In order to ensure the double-blind nature of the trial,
both the endoscope and the valve of the CO2 insufflation
equipment were covered by black cloth. Someone was put
in charge of the valve of the insufflation equipment and
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Statistical analysis
Statistical analysis was performed by using the software
SPSS13.0 (SPSS Inc, Chicago, IL, United States). The
results were expressed as mean ± SD, variables in the two
groups were analyzed with a Student’s t test. The comparison of mean VAS at all time points was analyzed with
the nonparametric, rank-sum test for two independent
samples (Wilcoxon, 1945). Percentage of pain scores of
0 at each time point between the two groups were preceded with chi-square test. The value of PetCO2 at each
time point was analyzed through the repeated measures
of analysis of variance. P value < 0.05 was considered
statistically significant.

RESULTS
Comparison of baseline characteristics between the two
groups
All 60 patients completed the study protocol. Thirty
patients were enrolled in the CO2 group (17 males, 13
females, mean age 52.1 years) and 30 patients in the air
group (16 males, 14 females, mean age 50.9 years). The
body type was indicated by body mass index; in the CO2
group the value was 21.63 kg/m2, while in the air group
this was 21.79 kg/m2, there was no statistical difference
between the two groups (P > 0.05). The actual clinical
data are shown in Table 1.
Endoscopic submucosal excavation treatment in the
two groups
The patients’ diseased regions in the CO2 group consisted
of esophagus (4/30), stomach (22/30), rectum (2/30) and
sigmoid colon (2/30), while in the air group, the diseased
regions included esophagus (6/30), stomach (21/30),
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A

Group
CO2

Air

PetCO2 (mmHg)

Table 2 Endoscopic submucosal excavation treatment characteristics
Diameter Operating Success Full-thickness
(cm) time (min) rate (%) isolation (n )

Location (n )
Esophagus (4)
Stomach (22)
Rectum (2)
Sigmoid colon (2)
Esophagus (6)
Stomach (21)
Rectum (2)
Sigmoid colon (1)

1.7
1.3
1.5
1.9
1.1
0.7
0.9
1.7

41
23
40
47
43
31
38
51

100

3

37

Air group
CO2 group

36
35
34
33
32
31
30

100

2

Beginning
of ESE

Visual analog scale (mm)

B
Table 3 Comparison of PetCO2 between the two groups
CO2 group (mmHg) Air group (mmHg) P value

Time point
Beginning of ESE
Removal of the tumors
Wound management
10 min after ESE

34.01 ± 2.03
31.21 ± 2.35
32.75 ± 2.69
33.23 ± 2.56

33.32 ± 2.21
30.59 ± 2.73
32.01 ± 2.22
32.61 ± 2.78

0.78
0.73
0.92
0.79

Air group
CO2 group

100
80
60
40
20
0

1

ESE: Endoscopic submucosal excavation.

Percentage of pain
score as 0 (%)

24

Air group
CO2 group

100
80
60
40
20
0

1

3
6
Study time (h)

24

Figure 1 The comparison of PetCO2 (A), visual analog scale (B) and percentage of pain score of 0 (C) at each time point between the CO2 group
and the air group. ESE: Endoscopic submucosal excavation.

Moreover, a comparison of the value of VAS at 24 h
after revival from anesthesia between the two groups still
had statistical difference. From Figure 1B, we can see
that there was a slow decline in the air group, while the
curved line declined more obviously in the CO2 group
(1 h: 21.2 ± 3.4 vs 61.5 ± 1.7; 3 h: 8.5 ± 0.7 vs 42.9 ± 1.3;
6 h: 4.4 ± 1.6 vs 27.6 ± 1.2; 24 h: 2.3 ± 0.4 vs 21.4 ± 0.7,
P < 0.05). Furthermore, the curved line returned to the
baseline at 6 h after anesthesia revival in the CO2 group;
however, in the air group the curved line never returned
to baseline. The percentage of VAS scores of 0 at each
time point was subjected to chi-square test, and the result demonstrated that the percentage of VAS scores of
0 in the CO2 group was significantly higher than that in
the air group (1 h: 60.7 ± 1.4 vs 18.9 ± 1.5; 3 h: 81.5 ± 2.3
vs 20.6 ± 1.2; 6 h: 89.2 ± 0.7 vs 36.8 ± 0.9; 24 h: 91.3 ±
0.8 vs 63.8 ± 1.3, respectively, P < 0.05, Figure 1C). Consequently, in the ESE of gastrointestinal stromal tumors,
the condition of abdominal pain at each time point after
revival from anesthesia could be clearly aggravated by
the application of CO2.

Comparison of PetCO2 between the two groups
The value of PetCO2 was compared at the following four
time points: beginning of ESE, at removal of the tumors,
at completed wound management, and 10 min after ESE.
The value was expressed as mean ± SD; the clinical data
are shown in Table 3. From the mean value at each time
point above, we could conclude that the value of PetCO2
at each time point between the two groups had no statistical difference (P > 0.05, Figure 1A).
Comparison of abdominal pain between the two groups
after revival from anesthesia
The VAS was applied to evaluate the level of abdominal
pain of the patients at the following four time points[8]:
1, 3, 6 and 24 h after anesthesia revival, respectively. The
results showed that there was a significant difference of
the value of VAS at 1, 3 and 6 h after revival from anesthesia between the two groups (P < 0.05, Figure 1B).
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3
6
Study time (h)

C

rectum (2/30) and sigmoid colon (1/30). The mean diameters of tumors of the CO2 group and the air group
were 1.6 ± 0.3 cm (range 0.5-5.0 cm) and 1.2 ± 0.5 cm
(range 0.5-4.0 cm), respectively. The mean operating time
was 35 ± 12 min in the CO2 group, and this was 41 ± 10
min in the air group. The success rate for complete resection of tumor was 100%. Both the CO2 group and the air
group had light intraoperative bleeding; the mean bleeding
volume was approximately 10 mL, without postoperative
bleeding. Five cases were diagnosed with extraluminal type
under endoscopic ultrasonography; it was recommended
to perform full-thickness isolation and a perforation initiative for 3 cases of 5 belonging to the CO2 group, and
for 2 cases of 5 belonging to the air group. There was no
statistical difference in the ESE between the two groups (P
> 0.05). The actual clinical data are shown in Table 2.

Removing
Wound
10 min
the tumors management after ESE
Time point
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Comparison of anal exsufflation between the two groups
In checking the anal exsufflation of patients in the two
groups at 1, 2 and 4 h after treatment, only 21% of the
patients in the CO2 group had anal exsufflation at 1 h
after anesthesia revival, while 7% lasted for 2 h or more.
However, 73.8% of the patients in the air group had
anal exsufflation, and nearly 14.3% had a moderate or
great amount of flatus, 28.6% lasted for 4 h or more.
A comparison of the two groups at 1, 2 and 4 h after
revival from anesthesia was carried out with a chi-square
test, and a P value < 0.01 was found which was considered statistically significantly different. The amount
of anal exsufflation had a negative correlation with the
degree of abdominal pain and distension; furthermore,
it also had a negative correlation with recovery time of
abdominal distension in the air group.

ating time, short hospitalization time, rapid recovery and
low medical costs. However, it is hard to accomplish en
bloc resection by the use of EMR for those lesions whose
size is 2 cm or more. As a result, the remains are likely to
recur and lead to many complications such as bleeding
and perforation. Compared with EMR, ESE is able to
excise a large majority of GISTs and provide intact data
for pathological diagnosis. For preoperative evaluation of
benign stromal tumors whose size is 5 cm or less, ESE
is able to accomplish en bloc resection. ESE fully demonstrates the superiority of minimally invasive surgery as
it has the advantage of rapid recovery, short hospitalization time and low medical costs. In our study, ESE was
preferable for the GISTs originating from the muscularis
propria, but not from the muscularis mucosae.
ESE is appropriate for GISTs originating from the
muscularis propria; however, too much air insufflation
because of a long operating time leads to pain for the patients in various degrees after revival from anesthesia. Pain
caused by abdominal distension is the most common type,
resulting from gastrointestinal gaseous tension. Therefore,
it is recommended to select inhaling CO2 instead of air,
as the CO2 is easily soluble in blood and other body liquids. It is not only rapidly absorbed by the gastrointestinal
tract, but easily eliminated from the body by respiration.
Patients never appear to have a metabolic disorder such
as CO2 retention. Yamano et al[21] has reported that the usage of CO2 in enteroscopy could effectively alleviate the
subjective pain of patients. In summary, our study investigated the comparison between the application of CO2
and air insufflation for the ESE operation; the postoperative subjective pain of patients was measured by VAS and
results suggested that the absolute VAS was lower in the
CO2 group than in the air group, and the number of patients with severe postoperative pain was also fewer in the
CO2 group.
We compared the value of PetCO2 at the following
four time points: beginning of ESE, at total removal of
the tumors, at completed wound management, and 10 min
after ESE. From the above data, we could draw conclusions that there were no significant differences of PetCO2
at each time point between the two groups, suggesting that
CO2 is not able to cause postoperative retention as well not
influencing the safety during the operation.
Comparing postoperative anal exsufflation between
the two groups, the results revealed that the time of anal
exsufflation in the CO2 group is shorter than that in the
air group, and that the flatus of patients in the CO2 group
is also less, which demonstrates that CO2 is much easier to
be absorbed. Both the difficulty of operation and the ratio
of various related complications will increase in the case
of the existence of a large amount of remaining gas.
The GISTs partly derived from muscularis propria
are diagnosed as extraluminal type or clinging to the serosa by EUS. Those tumors clinging to the serosa layer
cannot be excised completely by ESE; it is suggested to
perform full-thickness excision and bring out a perforation initiative. In our study, there were five patients with
full-thickness excision of GISTs who had little gas entry

DISCUSSION
GISTs should be considered as potentially malignant tumors owing to their unpredictable recurrence and metastasis; however, there are no definite clinical criteria for
the diagnosis and treatment of GISTs[9]. EUS, especially
an EUS-fine needle aspiration, plays an important part
in the diagnosis of GISTs, can determine the nature of
submucosal lesions of the digestive tract and is instructive in the choice of treatment methods. GISTs with a
diameter of 3-5 cm shown in the endoscopic examination
and by pathology are more likely to be malignant; therefore, such GISTs are supposed to be thoroughly surgically
excised[10-14]. Although large GISTs are more inclined to
be malignant, the small ones also have the possibility, so it
is irrational to regard tumor size as the only standard for
the malignancy of GISTs[11,15]. In this study, we defined
the risk classification of GISTs according to the National
Institutes of Health[16]. Consequently, the GISTs with
definite diagnosis should be treated as much as possible.
Nowadays, a variety of surgical methods (as well as
chemotherapy) for the treatment of GISTs are recognized in foreign and domestic studies. Surgical operation is still the traditional treatment; many patients with
GISTs have been reported as being excised by undergoing laparoscopy[17,18], and it is significantly important to
excise larger lesions by surgical treatment. Imatinib, a
tyrosine kinase inhibitor, is currently being used to treat
GISTs which have unique kinase mutations that serve
as targets for medical therapy, but some disadvantages
exist such as high cost of therapy, long-term treatment
and indeterminate side-effects; meanwhile few studies
are reported about the treatment for GISTs with unclear
symptoms[19,20]. However, endoscopic therapy for these is
much rarer. Choosing the treatment for GISTs that has
lesser invasive injury and lower cost under endoscopy is
rather clinically valuable.
Endoscopic mucosal resection (EMR) can be applied
to the treatment of patients with distinguishable lesions
of the digestive tract, such as early carcinoma and submucosal tumor. Moreover, EMR has not only the same
therapeutic effect as surgical operation, but a short oper-
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into the abdominal cavity so that there was less obvious
abdominal pain, and no postoperative abnormal conditions happened compared with other patients by ESE.
However, the patients with full-thickness excision among
the air group had severe abdominal pain as well as longterm gastrointestinal decompression.
In summary, CO2 insufflation could effectively alleviate the pain of patients when the GISTs were excised by
ESE, without the risk of CO2 retention. The safety of
CO2 insufflation is comparable to that of air insufflation,
and less pain exists after operation. Therefore, it is hopeful that CO2 insufflation will become the standard method for ESE with full-thickness excision and it is apparent
that this method will be widely applied in the future.
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RESULTS: Compared with the control group, more
patients in the case group had underlying diseases of
hypertension (7.5% vs 3.0%, P =0.041) and liver cirrhosis (87.5% vs 56.4%, P < 0.001), tumor size >5
cm (83.0% vs 57.4%, P < 0.001), tumor protrusion
from the liver surface (66.0% vs 44.6%, P < 0.001),
vascular thrombus (30.5% vs 8.9%, P < 0.001) and
extrahepatic invasion (36.5% vs 12.4%, P < 0.001).
On multivariate logistic regression analysis, underlying
diseases of hypertension (P = 0.002) and liver cirrhosis
(P < 0.001), tumor size > 5 cm (P < 0.001), vascular
thrombus (P = 0.002) and extrahepatic invasion (P
< 0.001) were predictive for spontaneous rupture of
HCC. Among the 200 patients with spontaneous rupture of HCC, 105 patients underwent hepatic resection,
33 received TACE, and 62 were managed with conservative treatment. The median survival time (MST)
of all patients with spontaneous rupture of HCC was 6
mo (range, 1-72 mo), and the overall survival at 1, 3
and 5 years were 32.5%, 10% and 4%, respectively.
The MST was 12 mo (range, 1-72 mo) in the surgical group, 4 mo (range, 1-30 mo) in the TACE group
and 1 mo (range, 1-19 mo) in the conservative group.
Ninety-eight patients in the control group underwent
hepatic resection, and the MST and median diseasefree survival time were 46 mo (range, 6-93 mo) and 23
mo (range, 3-39 mo) respectively, which were much
longer than that of patients with spontaneous rupture
of HCC undergoing hepatic resection (P < 0.001). The
1-, 3-, and 5-year overall survival rates and the 1-, 3and 5-year disease-free survival rates in patients with
ruptured HCC undergoing hepatectomy were 57.1%,
19.0% and 7.6%, 27.6%, 14.3% and 3.8%, respectively, compared with those of 77.1%, 59.8% and
41.2%, 57.1%, 40.6% and 32.9% in 98 patients with-

Abstract
AIM: To determine the risk factors for hepatocellular
carcinoma (HCC) rupture, and report the management
and long-term survival results of patients with spontaneous rupture of HCC.
METHODS: Among 4209 patients with HCC who were
diagnosed at Eastern Hepatobiliary Surgery Hospital
from April 2002 to November 2006, 200 (4.8%) patients with ruptured HCC (case group) were studied
retrospectively in term of their clinical characteristics
and prognostic factors. The one-stage therapeutic approach to manage ruptured HCC consisted of initial
management by conservative treatment, transarterial
embolization (TACE) or hepatic resection. Results of
various treatments in the case group were evaluated
and compared with the control group (202 patients)
without ruptured HCC during the same study period.
Continuous data were expressed as mean ± SD or me-
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out ruptured HCC undergoing hepatectomy (P < 0.001).

HCC visited Eastern Hepatobiliary Surgery Hospital.
Among them, 200 patients (4.8%) had hemoperitoneum
due to spontaneous rupture of the tumor. The clinical
records of these 200 patients (case group) were retrospectively reviewed and compared with 202 patients
without ruptured HCC (control group) who were randomly chosen by matching age, sex and time of admission from the patients who visited our hospital in the
same period.
All patients had a chest X-ray, ultrasonography (USG)
of abdomen, and contrast computed tomography (CT)
or magnetic resonance imaging (MRI) of abdomen.
Laboratory blood tests were performed, including antigen to hepatitis B surface, antibodies to hepatitis C,
alpha-fetoprotein (AFP), carcinoembryonic antigen, carbohydrate antigen 19-9, serum albumin, total bilirubin,
aspartate aminotransferase, alanine aminotransferase,
prothrombin time and so on. Progression profile of
HCC (number of tumors, maximum tumor size, macroscopic tumor thrombus and extrahepatic invasion), treatments employed, and survival time were recorded. The
liver function status was evaluated using the Child-Pugh
classification system. HCC was staged according to the
tumor node metastasis (TNM) staging system proposed
by the American Joint Committee on Cancer (AJCC)[15].
HCC was diagnosed by at least two radiologic imaging examinations showing characteristic features of
HCC, or one radiologic imaging examination showing
characteristic features of HCC associated with AFP ≥
400 ng/mL. Ruptured HCC was diagnosed by the identification of a space-occupying lesion(s) in the liver using
USG, CT or MRI. The following CT findings are useful
for diagnosing a ruptured HCC: hemoperitoneum, HCC
with surrounding perihepatic hematoma, active extravasation of contrast materials, tumor protrusion from the
hepatic surface, focal discontinuity of the hepatic surface
and an enucleation sign[5].
Therapeutic options were determined for each patient
according to the tumor feature and liver function. Selected
patients with resectable tumor(s) and well preserved liver
function were considered for surgery, and these patients
with Child-Pugh class A liver function underwent major
hepatic resection, while those patients with Child-Pugh
class B liver function received minor hepatic resection. Patients with unresectable tumor(s) and well preserved liver
function were considered for TACE, while those with
poor liver function (Child-Pugh class C) were suggested
to receive conservative treatment.

CONCLUSION: Prolonged survival can be achieved in
selected patients undergoing one-stage hepatectomy,
although the survival results were inferior to those of
the patients without ruptured HCC.
© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common neoplasms, and its incidence is increasing worldwide
because of the increasing prevalence of hepatitis B and C
virus infection[1,2]. One of the life-threatening complications of HCC is the spontaneous rupture of the tumor,
with intra-peritoneal hemorrhage. Spontaneous rupture
of HCC occurs in 3%-26% of all patients with HCC, and
the mortality rates are high in a range of 32%-66.7%[3-7].
There are few reports of predictors for spontaneous
rupture of HCC[8-10]. In addition, clinicians often feel
helpless when facing these complicated situations, and
little information is available in the literature to guide
clinicians as to the most appropriate management of
this complication. The prognosis of ruptured HCC was
poor, a median survival of 1.2-4 mo if left untreated[11],
but some studies have reported better survival with
staged hepatectomy[3]. There is still a debate concerning
the best approach in cases of HCC rupture[12]. The following treatments have been employed for the ruptured
HCC: hepatic resection, conservative treatment and
transcatheter arterial embolization (TACE)[8,11-14]. It is
also unclear whether the clinical outcome of definitive
treatment including hepatic resection was affected by the
complication of tumor rupture.
We, therefore, conducted this retrospective study
to determine the risk factors for HCC rupture, and to
report the management of patients with spontaneous
rupture of HCC and long-term survival results during a
5-year period at a single center in China.

Statistical analysis
Information of patient details, intraoperative parameters,
postoperative course, and disease progress was collected
and analyzed retrospectively. Continuous data were presented as mean ± SD or median (range) where appropriate and compared using the unpaired t test. Categorical
variables were compared using the χ 2 test with Yates
correction or the Fisher exact test where appropriate.
Factors associated with a P value < 0.05 in the univariate
analysis were sequentially entered into the multivariate

MATERIALS AND METHODS
Patients
From April 2002 to November 2006, 4209 patients with
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Table 1 Univariate analysis of risk factors related to spontaneous rupture of hepatocellular carcinoma
Variables

Case group
(n = 200)

Control group
(n = 202)

Age (yrs)
47.9 ± 12.4
50.5 ± 11.4
Sex
Male
184
180
Female
16
22
Diabetes
Presence
8
5
Absence
192
197
Hypertension
Presence
15
6
Absence
185
196
Liver cirrhosis
Yes
175
114
No
25
88
Liver function status
Child-Pugh class A
133
157
Child-Pugh class B
49
32
Child-Pugh class C
18
13
PT (s)
13.8 ± 2.3
13.3 ± 1.5
PLT (×109/L)
161.4 ± 94.8
159.1 ± 64.6
TB (μmol/L)
34.4 ± 40.6
30.0 ± 6.7
Albumin (g/L)
37.2 ± 5.8
36.8 ± 4.2
ALT(IU/L)
86.0 ± 91.6
59.4 ± 48.1
AST(IU/L)
136.2 ± 176.4
59.8 ± 47.5
Creatinine (μmol/L)
72.6 ± 20.2
74.3 ± 18.7
AFP (μg/L)
586.6 (1.3-95600.5) 499.2 (1.8-10521.6)
Positive HBsAg status
181
166
Maximum tumor size (cm)
≤5
34
86
>5
166
116
Tumor location
Right lobe
142
146
Left lobe
38
38
Both lobes
20
18
Protrusion from the liver surface
Yes
132
90
No
68
112
Vascular thrombus
Presence
61
18
Absence
139
184
Ascites
Presence
24
16
Absence
176
186
Extrahepatic invasion
Yes
73
25
No
127
177

Table 2 Multivariate analysis for factors related with spontaneous rupture of hepatocellular carcinoma

P value

Hypertension (presence vs absence)
Liver cirrhosis (presence vs absence)
Tumor size (≤ 5 cm vs > 5 cm)
Protrusion from the liver surface (yes vs no)
Vascular thrombus (presence vs absence)
Extrahepatic invasion (yes vs no)

0.209
0.322

0.388

7.75
7.16
3.97
6.51
2.90
3.78

2.10-28.57
3.96-12.97
2.28-6.93
2.31-10.84
1.48-5.70
2.04-7.00

0.002
< 0.001
< 0.001
0.008
0.002
< 0.001

HCC: Hepatocellular carcinoma; HR: Hazard ratio; CI: Confidence interval.

0.041

RESULTS

< 0.001

Clinical data between the case group and the control
group are presented in Table 1. The initial symptoms of
spontaneous rupture of HCC were the sudden onset of
abdominal pain (134 patients, 67%), shock at admission
(102 patients, 51%), and abdominal distension (66 patients, 33%).

0.096

0.328
0.187
0.097
0.101
0.261
0.643
0.209
0.125
0.514
< 0.001

Risk factors related to spontaneous rupture of HCC
Compared with the control group, more patients in the
case group had underlying diseases of hypertension (7.5%
vs 3.0%, P = 0.041) and liver cirrhosis (87.5% vs 56.4%,
P < 0.001), tumor size > 5 cm (83.0% vs 57.4%, P <
0.001), tumor protrusion from the liver surface (66.0%
vs 44.6%, P < 0.001), vascular thrombus (30.5% vs 8.9%,
P < 0.001) and extrahepatic invasion (36.5% vs 12.4%,
P < 0.001) (Table 1). On multivariate logistic regression
analysis, underlying diseases of hypertension and liver
cirrhosis, tumor size > 5 cm, tumor protrusion from the
liver surface, vascular thrombus and extrahepatic invasion remained predictive for spontaneous rupture of
HCC (Table 2).

0.927

< 0.001

< 0.001

Management of patients with spontaneous rupture of
HCC
Among the 200 patients with spontaneous ruptured
HCC, 126 (63%) had stage Ⅰ or Ⅱ HCCs according to
the TNM staging system proposed by the AJCC[15]. After
recovery from the initial insult with blood replacement,
correction of coagulopathy and cardiovascular monitoring and complete clinical evaluation, 105 patients were
considered suitable for curative hepatic resection which
was performed on a median of 15 d (range, 7-35 d) after
rupture, 33 received TACE, and 62 were given conservative treatment. Of the 105 patients considered for
hepatic resection, 72 (58.1%) underwent major hepatic
resection while the remaining ones received minor hepatic resection. Operative details of these 105 patients
undergoing hepatectomy are shown in Table 3.
Acute hemorrhage was successfully controlled in all
patients (100%) undergoing hepatic resection during the
first hospital admission, compared with 31.0% patients
receiving TACE and 16.5% patients receiving conservative treatment. One patient (0.9%) died of liver failure

0.301

< 0.001

PT: Prothrombin time; PLT: Platelet count; TB: Total bilirubin; AFP: a-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

logistic regression analysis to indicate the relatively independent risk factors.
Group comparisons were performed using the Chisquare test for independence or the Fisher exact test for
comparisons of the two groups. The overall survival rate
in each group was determined using the Kaplan-Meier
method and a log-rank test. The survival period defined
as the length of time from the onset of the spontaneous
rupture of the HCC to the death of the patient or the
closing date of the study. The closing date for the study
was November 31, 2011.
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A 1.0

Table 3 Operative detail of 105 patients undergoing hepatectomy

P < 0.001
Non-ruptured group (n = 98)
Ruptured group (n = 105)

0.8
105
43
62
166.8 ± 70.2
16.9 ± 9.0
811.4 (50-5000)

0.4

0.0
0

20

40

60

80

100

Months after surgery
0
1
1
51
17.3 ± 6.7

B 1.0

P < 0.001
Non-ruptured group (n = 98)
Ruptured group (n = 105)

0.8

on day 20 after hepatic resection, 10 (30.3%) patients
died of liver failure after TACE and 36 (58.1%) patients
died of bleeding after conservative treatment within 30
days of hospitalization, respectively.

0.6

0.4

0.2

Survival analysis of patients with spontaneous rupture
of HCC
At the closing date of the study, 187 patients with spontaneous rupture of HCC died, including 92 (87.6%) in
the surgical group, 33 (100%) in the TACE group and 62
(100%) in the conservative group. The median survival
time (MST) of all patients with spontaneous rupture of
HCC was 6 mo (range, 1-72 mo), and the overall survival rates at 1, 3 and 5 years were 32.5%, 10% and 4%,
respectively. The MST was 12 mo (range, 1-72 mo) in
the surgical group, 4 mo (range, 1-30 mo) in the TACE
group and 1 mo (range, 1-19 mo) in the conservative
group. The 1-, 3-, and 5-year overall survival rates in the
surgical group were 57.1%, 19.0% and 7.6%, respectively, while they were 12.1%, 0% and 0% in the TACE
group and 1.6%, 0% and 0% in the conservative group.
In addition, the 1-, 3-, and 5-year disease-free survival
rates of surgical group were 27.6%, 14.3% and 3.81%,
respectively, while they were 9.1%, 0% and 0% in the
TACE group and none in the conservative group.
In the 98 patients in the control group who underwent hepatic resection, the MST and median disease-free
survival time were 46 mo (range, 6-93 mo) and 23 mo
(range, 3-39 mo), respectively, which were much longer
than in the patients with spontaneous rupture of HCC
undergoing hepatic resection (P < 0.001). Accordingly,
the 1-, 3- and 5-year overall survival rates of these 98 patients were 77.1%, 59.8% and 41.2%, and the 1-, 3- and
5-year disease-free survival rates were 57.1%, 40.6% and
32.9%, both of which were significantly longer than that
of patients with spontaneous rupture of HCC undergoing hepatic resection (P < 0.001) (Figure 1) .
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0.6

0.2

92
12
1
1

Overall survival

Type of hepatectomy
Minor hepatectomy
Major hepatectomy
Operating time (min)
Duration of blood inflow occlusion (min)
Blood loss (mL)
Surgical margins
R0 resection
R1 resection
R2 resection
Hospital mortality
Major complications
Post-operative bleeding
Liver failure
Bile leak
Pleural effusion
Postoperative hospital stay (d)

Disease free survival

n

Detail

0.0
0

20

40

60

80

100

Months after surgery

Figure 1 Overall survival and disease-free survival in patients with and
without ruptured hepatocellular carcinoma undergoing hepatic resection.

DISCUSSION
As a life-threatening complication of HCC, spontaneous
rupture of HCC is one of the most common emergencies in liver surgery. Seeking for the risk factors failed to
conclude a widely accepted result[5,16].
A widely accepted hypothesis for the mechanism of
rupture of HCC suggests that rupture is usually preceded
by rapid expansion of the tumor secondary to bleeding
from within its substance, and a high intratumoral pressure due to occlusion of the hepatic venous outflow
by tumor invasion results in rupture[9]. In our study, we
found that tumor protrusion from the liver surface, vascular thrombus and extrahepatic invasion were predictive
for spontaneous rupture of HCC, which were consistent
with previous studies[5,9,16]. The protruded tumor without
surrounding normal parenchyma may easily rupture due
to compression or friction to the adjacent diaphragmatic
muscle, abdominal wall and gastrointestinal tracts. Therefore, the presence of extrahepatic invasion more likely
leads to rupture. Moreover, the maximum tumor size >
5 cm was one of the risk factors predicting rupture of
HCC. However, in our study, rupture of tumors as small
as 2 cm was found, which was consistent with a report by
Tanaka et al[17]. It is difficult to explain how a small HCC
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located in the periphery of the liver would rupture by
above mechanism. More recent studies suggested that underlying vascular dysfunction may play a role[8]. The vessels in the ruptured HCC tend to be more friable due to
increased collagenase expression and increased collagen
[10]
Ⅳ degradation . This proposed mechanism may help to
explain why some of the small tumors also rupture.
Interestingly, in our study, the presence of hypertension and liver cirrhosis remained predictive for spontaneous rupture of HCC. The reasons may be as follows. HCC
is a vascular tumor and bleeding secondary to rupture can
cause tearing of vessels with uncontrollable blood loss,
hypertension can directly result in an increase of pressure
within the tumor. In addition, patients with cirrhosis have
underlying coagulopathy. Both of the two factors may promote the process of rupture described above.
Previous studies have shown a very poor prognosis,
with a 30-d mortality rate in the range of 30%-70%[13,19-21],
and recent reports have indicated a significant decrease
in the mortality rate. In our study, we observed an overall
30-d mortality rate of 23.5%, while the mortality rate was
only 0.95% (one patient) among the patients in whom
hepatectomy was successfully conducted.
In another series, the 1-year and 3-year survival rates
for patients who underwent emergency resection were
only 60% and 42%, respectively[22]. Miyamoto et al[23] reported that half of the hospital mortality of emergency
hepatectomy for ruptured HCC was due to liver failure.
One group reported that only 12.5% of the patients
with ruptured HCC could be managed with hepatic resection, while another group reported a percentage of
59.3%[4,24,25]. In our study, which yielded similar results,
52.5% (105/200) of patients with ruptured HCC could
be managed with hepatic resection. In two case series of
delayed resection for ruptured HCCs from Japan, no inhospital mortality was observed, and 1- and 3-year survival rates of 71%-77% and 48%-54%, respectively, were
achieved[26,27]. In our series, the 1-year, 3-year and 5-year
survival rates were 57.1%, 19.0% and 7.6%, respectively,
for the patients with one-stage resection, and the MST
in the surgical group was 12 mo.
For patients with unresectable HCC, TACE was the
best option for the treatment of patients with ruptured
tumor, and the MST in the TACE group was significantly longer than that in the conservative group. Most of
the patients in the conservative group died within 1 mo
as a result of re-rupture, re-bleeding or hepatic failure.
Historically, the prognosis for ruptured HCC is thought
to be worse than for non-ruptured HCC, due to multiple
factors. The patients with ruptured HCC harbor advanced disease at presentation, the incidence of coexisting cirrhosis is high, and peritoneal seeding may occur at
the time of rupture. However, recent studies have challenged this concept, stating that the long-term survival
for ruptured HCC may be equivalent to non-ruptured
HCC[20], especially when the comparison was adjusted
for tumor stage[28]. However, in our study, patients with
ruptured HCC had a much worse long-term prognosis
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than those without.
In conclusion, spontaneous ruptured HCC is a life
threatening condition and a commonly encountered surgical emergency. For HCC patients who had underlying
diseases of hypertension and liver cirrhosis, extrahepatic
invasion and tumor size > 5 cm, high propensity to
rupture should be considered. As long as preoperative
clinical evaluation meets surgery requirements, elective
one-stage hepatectomy in patients with ruptured HCC
should be suggested. Prolonged survival can be achieved
in selected patients undergoing one-stage hepatectomy,
although the survival results were inferior to those of the
patients who did not have the complication of rupture.
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respectively). The resection was considered curative
in all cases. The sphincter-preserving rate was 65.7%
(44/67) vs 60.6% (43/71), P = 0.046; mean blood loss
was 86.9 ± 37.6 mL vs 119.1 ± 32.7 mL, P = 0.018;
postoperative analgesia was 2.1 ± 0.6 d vs 3.9 ± 1.8 d,
P = 0.008; duration of urinary drainage was 4.7 ± 1.8
d vs 6.9 ± 3.4 d, P = 0.016, respectively. The conversion rate was 2.99%. The complication rate, circumferential margin involvement, distal margins and lymph
node yield were similar for both procedures. No port
site recurrence, anastomotic recurrence or mortality
was observed during a median follow-up period of 21
mo (range: 9-56 mo).
CONCLUSION: Laparoscopic TME is safe and feasible,
with an oncological adequacy comparable to the open
approach. Further studies with more patients and longer
follow-up are needed to confirm the present results.

Abstract

© 2012 Baishideng. All rights reserved.

AIM: To investigate the short-term outcome of laparoscopic total mesorectal excision (TME) in patients with
mid and low rectal cancers.

Key words: Rectum; Neoplasms; Colorectal surgery;
Laparoscopy; Treatment outcome
Peer reviewer: Li YS, Reprint Author, Tianjin Med Univ, Depart-

METHODS: A consecutive series of 138 patients with
middle and low rectal cancer were randomly assigned
to either the laparoscopic TME (LTME) group or the
open TME (OTME) group between September 2008
and July 2011 at the Department of Colorectal Cancer of Shanghai Cancer Center, Fudan University and
pathological data, as well as surgical technique were
reviewed retrospectively. Short-term clinical and oncological outcome were compared in these two groups.
Patients were followed in the outpatient clinic 2 wk
after the surgery and then every 3 mo in the first year
if no adjuvant chemoradiation was indicated. Statistical
analysis was performed using SPSS 13.0 software.
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INTRODUCTION
Rectal cancer accounts for approximately half of all colorectal cancer cases in China. Significant advances have
been achieved in the treatment of rectal cancer in the past

RESULTS: Sixty-seven patients were treated with LTME
and 71 patients were treated with OTME (sex ratio 1.3:1
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few decades. With the introduction of total mesorectal
excision (TME), laparoscopic technique, as well as preand postoperative chemo-radiotherapy, the local control
rate and survival of rectal cancer patients have dramatically improved. The TME principles, which were first
described by Heald et al[1], are currently considered the
standard practice for mid and low rectal cancer as local recurrence is reduced to less than 5%[2]. A complete
TME consists not only of the routine excision of intact
mesorectum, but also preservation of the autonomic
nervous system and the sphincters.
Laparoscopic surgery has been used in the treatment
of colorectal cancer since the end of the 1990s with the
purpose of ameliorating postoperative recovery without
compromising oncological adequacy. Although laparoscopy in colon cancer has gained acceptance due to its
proven benefits[3,4], which include fewer perioperative
complications, faster postoperative recovery and comparable survival rates, laparoscopy in rectal cancer is still
not recommended as the treatment of choice by National
Comprehensive Cancer Network guidelines. Laparoscopic
rectal surgery is more complex and technically demanding, especially for mid and low rectal cancer. As surgical
techniques and equipment have developed, the feasibility
and safety of laparoscopic TME (LTME) have been reported by many institutes[5,6]. Moreover, long-term survival
following LTME seems to be comparable to open TME
(OTME)[7,8]. However, there are few well-designed studies
which have addressed this particular issue. Most of the
randomized clinical trials on rectal cancer were performed
in the early 2000s when the laparoscopic rectal surgical
technique was still being developed, and the majority of
these studies included both colon and sigmoid cancer[9,10].
Thus it is inclusive whether laparoscopic surgery for rectal
cancer is comparable to open surgery.
The aim of this study was to compare the shortterm outcomes of LTME and OTME in mid and low
rectal cancers in a series of unselected patients. The primary endpoints were operative details (operating time,
blood loss, sphincter preservative rates and conversions),
perioperative complications (anastomotic leak, obstruction, and wound infections) and postoperative recovery
(urinary function, use of analgesics, and return of bowel
movement). The secondary endpoints were pathological evaluations (positive margin involvement, number of
lymph nodes harvested and length of inferior margin).

All patients received a systematic preoperative assessment including physical examination, biochemical analysis and a five-marker panel (carcinoemb- ryonic antigen,
carbohydrate antigen 19-9, cancer antigen 724, cancer
antigen 242 and cancer antigen 125 for female patients)
assay. Chest, abdominal and pelvic computed tomography scans were performed to rule out any pulmonary or
liver metastasis. In addition, magnetic resonance imaging
or endorectal ultrasound was performed to evaluate the
preoperative staging. Patients staged at cT3/4 cTxN+
were assigned to neoadjuvant treatment in the absence
of contraindications, and therefore were excluded from
this series. The exclusion criteria also comprised patients
with a former history of radiotherapy or chemotherapy,
patients with distant metastases and patients with contraindication to laparoscopic surgery. An American Society
of Anesthesiologists (ASA) grade was assigned to each
patient by an anesthetist before surgery. Low molecular weight heparin was administered subcutaneously as
prophylactic anticoagulant treatment and D-dimer was
monitored regularly at day 1, 4 and 7 postoperatively.
Follow-up
Patients were routinely followed in the outpatient clinic 2
wk after e surgery and every 3 mo for the first year, then
every 6 mo for the second year, and every year thereafter. If there was an indication for adjuvant chemoradiation, follow-up data was complemented by phone contact with the patients as well as contact with the patients’
current treating physicians. Data were collected and
reviewed retrospectively, including patients’ demographics, preoperative staging, surgical technique, pathological
evaluations and postoperative recovery.
Surgical technique
All patients underwent low anterior resection (LAR)
or abdominoperineal resection (APR) according to accepted TME principles. All surgeries were performed
by the same team of surgeons with proven expertise in
colorectal cancer surgeries who perform more than 100
laparoscopic and open colorectal surgeries annually. All
patients were operated on under general anesthesia.
Four trocars were introduced after CO2 pneumoperitoneum was established at 12 to 15 mmHg. A 10-mm
port was positioned 0.5 cm above the umbilicus for
observation. Another 10-mm port was introduced onethird of the distance from the right anterior superior
iliac spine to the navel as the major operative site. Two
additional 5-mm ports were placed for assistance. One
port was set one-third of the distance from the left anterior superior iliac spine to the navel. The other was positioned at a digit inferior to the umbilicus crossing the left
parasternal line reserved for possible colostomy.
Firstly, the peritoneal cavity was inspected carefully
for any metastasis or tumor implantation. Adopting a
median-to-lateral approach, the sigmoid was held by the
assistant to the left and the right mesorectum was dissected starting from the sacral promontory. Sharp dis-

MATERIALS AND METHODS
Patients
Between September 2008 and July 2011, a consecutive
series of 138 patients diagnosed with middle and low
rectal cancer underwent surgical treatment at the Department of Colorectal surgery of Shanghai Cancer Center,
Fudan University. The diagnosis in these patients was
confirmed by a full colonoscopy plus a biopsy. The inclusion criteria were: patients diagnosed with rectal cancer with the tumor located ≤ 10 cm from the anal verge.
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avascular plane between the parietal and visceral pelvic
fascia before initiating sharp dissection of the presacral
area. Anterior dissection occurred in the retrovesical
septum in males and in the retrovaginal space in females. The rectosacral ligament and anococcygeal ligament were divided and incised at the level of the fourth
sacral vertebra. The mesorectum was circumferentially
mobilized while kept intact. A linear endoscopic cutting
stapler was introduced to transect the rectum 2-5 cm
below the tumor. Depending on the size of the lesion,
a transverse incision of 3-4 cm was made to extract the
specimen through a wound protector. The distal colon
was transected 10 cm above the lesion. Before re-establishing the pneumoperitoneum, an anvil of the circular
stapler was placed in the proximal colon and was fixed
by a purse-string suture. The bowel was then returned to
the peritoneal cavity, and the incision was sutured. The
pneumoperitoneum was re-established. The last step of
the procedure was to perform a low or ultra low rectal
anastomosis with a circular stapler inserted transanally.
The two tissue donuts created by the circular stapler
were verified for integrity. The distal donut was sent for
pathological examination as the circumferential margin.
For patients who have a deep, narrow pelvis, laparoscopic rectal transection is difficult. To guarantee a microscopically clear distal margin, the rectum was transected
under direct vision with an assistant pulling the rectum
outwards via the anus. Preservation of the sphincters was
pursued based on the ability to achieve radical tumor removal. In patients with a very low tumor, the sphincters
were unable to be preserved. The specimen was removed
from the perineal incision and a permanent colostomy
was performed at the anterolateral port.
Conversion was defined as performing any procedure
using an open technique, other than extracting the specimen or transection of rectal cancer via the anus. The
decision to convert was made when major complications
occurred or when radical removal was impossible.
Patients in the OTME group underwent routine
operation according to the TME principles. All patients
were stratified based on tumor-node-metastasis classification. The duration of postoperative analgesia was as
needed and was monitored. According to the National
Comprehensive Cancer Network guidelines, patients
who could possibly benefit received adjuvant chemotherapy or radiotherapy.
This study was approved by the Ethical Committee
of Shanghai Cancer Center, Fudan University and all patients gave informed consent.
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Figure 1 Surgical technique. A: Care must been taken not to injure the left
ureter (arrow) while dissecting the inferior mesenteric artery; B: Careful preservation of the left colic artery (arrow); C: Preservation of bilateral sympathetic
hypogastric nerves (arrows).

section continued along the “yellow-white boundary”,
that is, between the adipose tissue in the sigmoid colon
mesorectum and left peritoneum to the junction of the
mesorectum. Dissection then proceeded as far as the
origin of the inferior mesenteric artery (IMA). Care was
taken not to injure the left ureter while dissecting the
IMA (Figure 1A). The IMA and its concomitant vein
were skeletonized and ligated using endoscopic clips
close to the origin of the IMA. The left colic artery and
vein were preserved (Figure 1B). It should be noted that
the superior hypogastric plexus and sympathetic hypogastric nerves were at risk at this level (Figure 1C).
The next phase of surgery was pelvic dissection.
The peritoneum was incised from the level of the sacral
promontory posterior to the rectum down to the apex
of the coccyx. It was important to recognize the loose
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Statistical analysis
The statistical analysis was carried out using the SPSS
software package version 13.0 (Chicago, IL, United
States) and Windows 7. Parametric variables were expressed as mean ± SD. The Student’s t test was used
to assess differences between the LTME and OTME
groups. The χ 2 test (or Fisher’s exact test where appropriate) and exact tests were performed to compare vari-
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Table 1 Patients’ clinical-pathological characteristics and
comparisons of operative and perioperative data between
laparoscopic and open total mesorectal excision
LTME

OTME

(n = 67)

(n = 71)

Characteristics
Age (yr)
58.4 ± 13.6
Sex ratio (male:female)
1.3:1
BMI
23.6 ± 2.6
ASA
I
57
II
9
III
1
pTNM classification
I
7
II
46
III
14
Differentiation grades
Well-moderately differntiated
63
Poorly differentiated
4
Distal margin (cm)
3.6 ± 1.9
Comparisons
Sphincter-preserving surgery (%)
44 (65.7)
Operating time (min)
216.4 ± 68.3
Blood loss (mL)
86.9 ± 37.6
Postoperative analgesia (d)
2.1 ± 0.6
Duration of urinary drainage (d)
4.7 ± 1.8
Time to pass flatus (h)
46.9 ± 14.8
Postoperative hospital stay (d)
10.4 ± 4.3
Length of specimen (cm)
18.4 ± 4.2
Number of lymph nodes harvested 20.3 ± 8.3
Positive circumferential margin (%)
1.5

59.6 ± 9.4
1.29:1
23.4 ± 1.8

Table 2 Comparison of complications
Complications
Ureter damage
Anastomotic leak
Obstruction
Wound infection

P value
0.910
0.918
0.886
0.846

0.892

0.964

43 (60.6)
162.7 ± 42.5
119.1 ± 32.7
3.9 ± 1.8
6.9 ± 3.4
95.6 ± 54.8
13.8 ± 5.9
19.7 ± 6.1
21.1 ± 6.7
2.8

0.046
0.032
0.018
0.008
0.016
0.004
0.036
0.786
0.924
0.068

Complications
One patient (1.5%) suffered an anastomotic leakage in
both the LTME group and in the OTME group (1.4%).
A total of 4 patients suffered an obstruction, 1 (1.5%)
in the LTME group and 3 (4.2%) in the OTME group.
In addition, 1 patient and 2 patients in the LTME group
and OTME group, respectively, suffered a wound infection. These differences were not statistically significant.
There was no perioperative mortality (Table 2).

LTME: Laparoscopic total mesorectal excision; OTME: Open total mesorectal excision; BMI: Body mass index; pTNM: Pathologic tumor-nodemetastasis; ASA: American Society of Anesthesiologists.

Oncological outcome and follow-up
With regard to oncological adequacy, the length of the
specimen, distal margin of the tumor, number of harvested lymph nodes and positive circumferential margin
were all comparable between the two groups. Short-term
follow-up was available for all patients, with a median
follow-up period of 21 mo (range: 9-56 mo). No port
site recurrence, anastomotic recurrence or mortality was
observed during the follow-up period.

ables between the two groups. A P value less than 0.05
was considered statistically significant.

RESULTS
Patients’ characteristics
Between September 2008 and July 2011, a total of 138
patients were randomly assigned to either the LTME
group or the OTME group. Sixty-seven patients underwent LTME and 71 patients underwent OTME. The
sex ratio (male: female) was 1.3:1 and 1.29:1 for LTME
and OTME, respectively. The mean age was 58.4 ± 13.6
years in the LTME group, and 59.6 ± 9.4 years in the
OTME group. The two groups were well matched for
age, sex ratio, body mass index, ASA, pathological tumor
staging and differentiation grades as shown in Table 1.

DISCUSSION
Although laparoscopic surgery for colon cancer has been
widely accepted due to its proven benefits, this technique
for rectal cancer is controversial. In this report, we compared laparoscopic surgery to open surgery following
TME principles in a consecutive series of patients who
were operated on by a team of surgeons extensively experienced in laparoscopic colorectal surgery.
There is a growing body of literature reporting similar outcomes following LTME and OTME. Our results
did not differ from the conclusion drawn from other
publications that LTME was safe and feasible. Patients
who underwent LTME benefited from a faster recovery,
including less bleeding, less pain, faster return of urinary
function and bowel movement, similar to that found in
previous studies[11].
However, there is still debate on whether LTME can

Surgery and postoperative recovery
As shown in Table 1, there was no statistical difference
in the types of surgical procedures chosen, including
LAR and APR. The resection was considered curative
in all cases. The sphincter-preserving rate was 65.7%
(44/67) for LTME and 60.6% (43/71) for OTME and
the difference was statistically significant. No protective
diverting stoma was fashioned in either groups. Conver-
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sion to an open procedure was required in 2 cases (2.99%)
due to ureter damage and severe adhesion, respectively.
Despite the fact that the operating time was significantly longer for LTME than OTME, there was significantly less hemorrhage in the LTME group than in the
OTME group. Patients in the LTME group also enjoyed a
significantly faster postoperative recovery, including lower
requirement for analgesia and urinary drainage, faster return of bowel movement and earlier hospital discharge.

9
49
13

0.648

OTME

1
1
1
1

LTME: Laparoscopic total mesorectal excision; OTME: Open total mesorectal excision.

63
7
1

65
6
3.3 ± 1.7

LTME
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deliver an equally satisfying oncological radicality, allowing
tumor-free margin and sufficient lymph node yield, while
being minimally invasive[12]. There is a lack of multicenter
randomized trials addressing this particular issue. While
we are still waiting for the results of the COLOR Ⅱ trials, CLASICC remains the only randomized controlled
trial available[13,14]. The early results of CLASICC reported
higher, but non-significant, rates of positive circumferential resection margin involvement, which did not translate
into a difference in 3-year local recurrence rates. The
5-year follow-up results of the CLASICC trial were unable to show a difference in local recurrence, suggesting
that this was probably the result of a learning curve effect. Not surprisingly, most investigations have reported
different results. According to a meta-analysis conducted
by Anderson et al[15], the positive radical margin involvement rate of rectal cancer was not significantly different
between laparoscopic surgery and open surgery. Similar
results were obtained for distal margin involvement.
With regard to lymph node yield, our study reported
a mean number of 20.3 lymph nodes for LTME and 21.1
for OTME with no statistical difference. This was slightly
less than that found be Dulucq et al[16]. They retrieved an
average of 24.5 lymph nodes. However, our results were
superior to most other studies where the mean number
of lymph nodes harvested varied from 8 to 14[17].
Due to the complicated nature of the TME procedure for middle and low rectal cancer, there are only a
few publications which compare sphincter-preserving
rates between laparoscopic and open approaches. It is
worth noting that in our series, the sphincter-preserving
rate was significantly higher in the LTME group. This
may have been due to the fact that LTME provides the
surgeon with a much more flexible operating space and
allows them to dissect more easily down to the pelvic
floor especially in patients with a deep, narrow pelvis.
This clear, magnified and direct view is not available
during OTME[18,19]. Nonetheless, this study showed that
having a deep, narrow pelvis with a large tumor complicated the LTME procedure and prolonged the operating
time, but did not affect postoperative outcomes[20]. The
introduction of a linear endoscopic cutting stapler also
guarantees a more satisfactory distal transection. Even
when sphincter resection was inevitable, these advantages still facilitated pelvic surgery. Similar results were
reported by Gezen et al[21] who had a higher rate of neoadjuvant chemoradiation-treated patients in the LTME
group. However, these advantages were not found in the
largest series of rectal laparoscopic surgery, involving 612
patients, led by Zheng et al[22]. It is noteworthy that an
increased rate of APR was observed in the LTME group
in a relatively small series of Greek patients with mid and
rectal cancer. This might be explained by the significantly
lower location of the tumors in the LTME patients[23].
Another advantage of laparoscopic surgery is greater
magnification and better illumination of the surgical
field, thus allowing better exposure of the autonomic
nerves and their protection. Our study showed that pa-
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tients in the LTME group required a significantly shorter
period of urinary drainage. Considering the mean age in
this series, patients were predisposed to possible sexual
dysfunction before surgery. However, the incidence of
postoperative sexual dysfunction was not taken into account in this study.
Conversion has always been a major concern of laparoscopic rectal surgery. Studies in the early 2000s n reported
a conversion rate as high as 20%. The CLASICC study
also associated conversion with a clear survival disadvantage. However, researchers in the CLASICC trial were unable to attribute this disadvantage to advanced tumor stage
or to surgeon-related factors. Conversion was found to be
associated with poor prognosis[24]. The latest studies report
a conversion rate of 3%-22%, suggesting the involvement
of patient selection and surgeons. In the present study, our
conversion rate was 2.99%, and was closer to that found by
Leroy et al[25] and Milsom et al[26]. This may be explained by
the exclusion of patients staged at cT3/4 cTxN+ or with a
former history of pelvic radiotherapy. With regard to postoperative complications, the distribution and incidence was
similar between the 2 groups. Furthermore, a recent metaanalysis led by Lin et al[27] concluded that robotic surgery
was superior to laparoscopic surgery in terms of conversion, and could be an alternative in patients who are more
likely to undergo conversion.
Admittedly, a clear limitation of our study was that
selection bias cannot be completely, even though the two
groups were well balanced in terms of demographics
and tumor statistics. However, by prospectively enrolling
a consecutive series of patients operated on by the same
team of surgeons, we hoped to avoid the learning curve
effect. The follow-up period was too short to draw any
conclusions as to the long-term outcome of LTME versus OTME, however, by continuing to enroll and followup patients, we hope to deliver more valuable information in the future.
Our study demonstrated that laparoscopic TME is
safe and feasible, with an oncological adequacy comparable to the open approach. From our perspective, laparoscopic TME is performed through laparoscopic apparatus which are thin and long. In this way, tumors can
be completely removed almost without being touched.
Further studies with more patients and longer follow-up
are needed to confirm the present results.
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Enteroenteroanastomosis near adjacent ileocecal valve in
infants
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were not significantly different between the two groups
at post-operative day 1 and day 3, but were significantly
decreased at 1 wk after operation in group 2. None of
the patients died or suffered from stomal leak in these
two groups. However, the incidence of diarrhea, intestinal infection, disturbance of acid-base balance and
water-electrolytes in group 1 was lower than in group 2.
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Abstract
AIM: To investigate the feasibility and the effectiveness
of ileoileostomy in the region adjacent to the ileocecal
valve, which can retain the ileocecal valve in infants.

INTRODUCTION

METHODS: This is a retrospective review of 48 patients who underwent ileoileostomy in the region adjacent to the ileocecal valve (group 1) and 34 patients
who underwent ileocecal resections and ileotransversanastomosis (group 2). Patients were monitored for
the time to flatus, resumption of eating, length of hospital stay after surgery, serum total bile acid, vitamin
B12 and postoperative complications.

Ileocecal valve plays a very important role in the regulation of intestinal transit. It acts as a barrier to delay
passage for small bowel contents and hence increases
absorption. It also prevents reflux from the caecum into
the ileum[1,2].
Anatomically, the terminal ileum has poor vascularization. The arterial supply of the terminal ileum in
the region adjacent to the ileocecal valve comes from
a single arch from the ileocolic artery. Therefore, conventional wisdom is, for a lesion involving the region of
the ileum that is about 10-15 cm away from the ileoce-

RESULTS: The time to flatus, time until resumption
of eating and post-operative length of hospital stay
showed no statistically significant differences between
the two groups. Serum total bile acid and vitamin B12
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cal valve, a right hemicolectomy should be selected[3].
However, it was established in adults that the danger
of incompetence of the anastomosis sutures near the
blind gut was not greater than that in ileotransversanastomosis[4]. Moreover, long-term results in adult patients
after resection of the small intestine with the enteroenteroanastomosis near the blind gut were better than in
patients with resection of the ileocecal valve, regarding
passage of the intestinal contents[4].
A previous study reported that an intact ileocecal valve
was essential for better nutritive conditions in the newborn undergoing extensive small intestinal resection[5]. In
non-tumoral lesions, preservation of the ileocaecal valve
to retain its important function should be considered. The
terminal ileum has a high incidence of intussusception,
transmesenteric hernia, intestinal atresia and necrotizing
enterocolitis. Our aim was to determine the feasibility of
ileoileostomy in the region adjacent to the ileocecal valve
and compare the rate of complications of ileoileostomy
in the region adjacent to the ileocecal valve and ileocolostomy after ileocecal resections in infants.

Table 1 Subjects and their primary diseases

Patients
Age
Primary
diseases

Group 2
34 (20 males and 14 females)
1 d to 9.1 mo
(median age 4.2 mo)
Intussusception (7)
Transmesenteric hernia (10)
Intestinal atresia (4)
Necrotizing enterocolitis (9)
Mesenteric cyst (2)
Duplication of intestine (2)

Table 2 Time to flatus, resumption of eating, and length of
hospital stay after surgery
Time to flatus Time of resumption of Length of hospital
after surgery (d) eating after surgery (d) stay after surgery (d)
Group 1
Group 2

2 ± 0.9
2 ± 0.7

6 ± 0.4
5 ± 0.8

8 ± 3.1
8 ± 2.5

Surgical process at ileocecal junction
In brief, for group 1, the mesentery close to the bowel
wall was dissociated and the ileocolic artery trunk was
reserved. After resection of the lesions of the terminal
ileum, pulsatile bleeding was visible in the two ends of
the bowel. An ileoileostomy was then performed with
5-0 PDS (2-5 cm away from the ileocecal valve at a median distance of 3.5 cm) with no embed. The arteria ileocolica was reserved. No intestinal decompression was
added (Figure 1).
In group 2, after resection of the terminal ileum,
ileocecal junction and the ascending colon and part of
the colon transversum, an ileocolostomy was performed
with 5-0 PDS.
The lesion resulting in the bowel resection was purple or gray, the mesenteric vascular pulse and bowel peristalsis disappeared, and the intestinal wall was inelastic.
The resected bowel was approximately 10-30 cm.

MATERIALS AND METHODS
Subjects
This is a retrospective review of 48 patients who underwent ileoileostomy in the region adjacent to the ileocecal
valve (group 1) and 34 patients who underwent ileocecal
resections and ileocolostomy (group 2) in the Department of Pediatric Surgery, Nanjing Children’s Hospital,
affiliated to Nanjing Medical University, between January
1, 2003 and May 3, 2011. In this study, all patients were
without extensive ileal resection. We and our patients
have established a long-term friendly relationship. The
study was approved by the Ethics Committee of Nanjing Children’s Hospital, affiliated to Nanjing Medical
University. Informed consent was obtained from all the
guardians of the subjects.
The patients were categorized into two groups. Group
1 included 48 patients (26 males and 22 females aged 1 d
to 10.6 mo; median age 4.8 mo) who underwent ileoileostomy in the region adjacent to the ileocecal valve. Causes
of surgery included intussusception (7), transmesenteric
hernia (11), intestinal atresia (5), necrotizing enterocolitis
(17), mesenteric cyst (5) and duplication of intestine (3).
Group 2 included 34 patients (20 males and 14 females
aged 1 d to 9.1 mo; median age 4.2 mo) who underwent
ileocecal resections and ileocolostomy. Causes of surgery
included intussusception (7), transmesenteric hernia (10),
intestinal atresia (4), necrotizing enterocolitis (9), mesenteric cyst (2) and duplication of intestine (2) (Table 1).
No patient died during this study. The patients with
underlying pathology associated with chronic diarrhea
such as short bowel syndrome were excluded. Patients
were monitored in the time to flatus, resumption of eating and length of hospital stay after surgery, serum total
bile acid, vitamin B12 and post-operative complications.
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Group 1
48 (26 males and 22 females)
1 d to 10.6 mo
(median age 4.8 mo)
Intussusception (7)
Transmesenteric hernia (11)
Intestinal atresia (5)
Necrotizing enterocolitis (17)
Mesenteric cyst (5)
Duplication of intestine (3)

Statistical analysis
Statistical analysis was carried out using SPSS software,
version 14.0 (SPSS Inc., Chicago, IL, United States). A
Pearson Chi-square test was used to compare the complications found in the two groups. The time of flatus,
resumption of eating and length of hospital stay after
operation were expressed as mean ± SD. Parameters were
analyzed by Student’s t test. For the above parameters, P <
0.05 was considered statistically significant.

RESULTS
Time to flatus, resumption of eating, and length of
hospital stay after surgery
The time to flatus, resumption of eating, and length of
hospital stay after surgery showed no statistically significant differences between the two groups (Table 2).
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Figure 1 Enteroenteroanastomosis near the adjacent ileocecal valve.
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Figure 2 Incidence of diarrhea, intestinal infection, and disturbance of acid-base balance and water-electrolytes in group 1 was lower than in group 2, but
the incidence of incisional wound, ankylenteron, and septicaemia showed no differences. bP < 0.01 vs group 1.

of the children, and recorded the time as well.
Resumption of eating was guided and determined by
little liquid in gastrointestinal decompression, no yellow
or green liquid in gastrointestinal decompression, no
flatulence, and successful defecation.

Table 3 Serum total bile acid (μmol/L) and serum vitamin
B12 (pg/mL)
1 d after surgery
Bile acid1
Group 1
Group 2
Vitamin B122
Group 1
Group 2

12.2 ± 2.8
10.8 ± 2.4
712.5 ± 143.4
685.3 ± 131.5

3 d after surgery 1 wk after surgery
11.7 ± 1.8
10.5 ± 3.2
696.2 ± 108.5
623.8 ± 132.1

11.8 ± 2.2a
7.4 ± 2.1

Serum total bile acid and vitamin B12
Serum total bile acid and vitamin B12 (Table 3) showed
no significant differences between the two groups at
post-operative day 1 and day 3, but were significantly decreased at 1 wk after operation in group 2.

a

683.2 ± 104.2
560.8 ± 99.2

1

Normal levels: 0-10 μmol/L; 2Normal levels (200-900 pg/mL. aP < 0.05 vs
group 2.

Post-operative complications
None of the patients died or suffered from stomal leak
in these two groups. However, the incidence of diarrhea,

After surgery, we advised nurses and parents to pay
attention to the first flatus (anal exhaust) or defecation
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bacterium in stool cultivante, and disturbance of waterelectrolytes in group 1 was lower than in group 2 (Figure 2).

teroenteroanastomosis near the blind gut was safe and
no anastomotic leakage occurred.
Though there is a possibility of increasing the enteric
cavity pressure of the ileocecal junction, we found that
ileoileostomy only 2-5 cm away from the ileocecal valve
is safe and effective in infants. This allowed a fluid diet
to go through the ileal valve more easily than a solid diet.
We also found that ileoileostomy in the region adjacent
to the ileocecal valve was accompanied by fewer complications. As a result, the surgical method can be used
clinically. Moreover, regarding the importance of the ileocecal valve, ileoileostomy in the region adjacent to the
ileocecal valve might be helpful when a massive small
bowel resection is necessary.

DISCUSSION
The present study showed that ileoileostomy in the region adjacent to the ileocecal valve was safe and was associated with fewer complications.
Previous studies have demonstrated that resection
of the ileocaecal valve has several adverse effects. The
ileocecal segment has been considered to possess a weak
sphincteric action and functions in the flow of chyme and
gut motility[1]. The ileocaecal valve prevents the reflux of
chime, and thus prevents bacterial overgrowth from colonic bacterial flora in the small intestine. In the absence
of an ileocecal valve, the colonic bacteria can reflux into
the small intestine, resulting in infections of the small
intestine and inflammation of the ileal mucosa[6-11]. Moreover, in the absence of the ileocecal valve, transit time was
decreased and there was reduced exposure to the absorptive surface. Without adequate detention time in the small
intestine, accelerated chime transport may lead to diarrhea,
steatorrhea, malnutrition, dehydration, hypoalbuminemia
and loss of minerals[12]. Dorney et al[5] found that the small
bowel length required for survival was more than twofold
when the ileocaecal valve was resected.
In animals and humans, bile salts and vitamin B12
have been shown to be major reclamation products from
the ileum[13-16]. Further studies showed that the ileal absorption of bile salts is mediated by an apical sodiumdependent bile acid transporter located in the terminal
ileum[17]. Previous studies have shown that patients with
an ileal resection or disease of the distal ileum excreted
bile salts in the feces significantly faster than healthy
control subjects[18]. Moreover, patients who underwent
massive ileal resections, especially ileocecal resections,
showed malabsorption of bile acids[19,20]. Moreover, the
anemia that occurred after ileocecal resection may have
been due to deficiency in vitamin B12. As a result, reserving the ileal valve and terminal ileum might produce
improved results.
Fernando et al[21] found that in most of the specimens from human cadavers analyzed in their study, the
arterial supply of the ileocecal junction was from the
ileocolic artery, superior mesenteric artery, and terminal
ileal branches of the superior mesenteric artery. In their
study, anastomosis in the ileocecal junction with small
windows was observed in 38 (70%) cases, more than the
cases for large windows. Moreover, Serova[4] demonstrated that the danger of incompetence of the anastomosis
sutures in the region adjacent to the ileocecal valve was
not higher than that in ileotransversanastomosis, and the
immediate and long-term results in the enteroenteroanastomosis group were much better than in the group
that had exclusion of the ileocecal segment. In our study,
we demonstrated that after dissociating the mesentery
close to the bowel wall and removing the part of the
vascular network adjacent to the ileocecal junction, en-
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High mobility group-box 3 overexpression is associated
with poor prognosis of resected gastric adenocarcinoma
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Chun-Quan Xue, Cheng-Wei Wang, Chao-Yang Wu
pression to determine the prognosis value of HMGB3
expression on overall survival. Further, HMGB3 expression was knocked down by small hairpin RNAs (shRNAs)
in the human gastric cancer cell line BGC823 to observe its influence on cell biological characteristics. The
MTT method was utilized to detect gastric cancer cell
proliferation changes, and cell cycle distribution was
analyzed by flow cytometry.

Hua-Rong Tang, Xian-Qin Luo, Gang Xu, Yan Wang, ZhiJun Feng, Hui Xu, Ya-Wei Shi, Qin Zhang, Li-Guang Wu,
Chun-Quan Xue, Cheng-Wei Wang, Chao-Yang Wu, Department of Oncology, Affiliated People’s Hospital of Jiangsu
University, Zhenjiang 212002, Jiangsu Province, China
Author contributions: Tang HR and Wu CY designed the research and wrote the paper; Tang HR, Luo XQ, Xu G, Wang Y,
Feng ZJ and Xu H collected all human material and performed
the majority of experiments; Shi YW, Zhang Q, Wu LG, Xue
CQ and Wang CW contributed analytic tools for statistical
analysis and also participated in editing the paper.
Supported by Zhenjiang Science and Technology Bureau, No.
SH2010016
Correspondence to: Dr. Chao-Yang Wu, Department of Oncology, Affiliated People’s Hospital of Jiangsu University, Zhenjiang 212002, Jiangsu Province, China. wuchaoyang@163.com
Telephone: +86-511-85231018 Fax: +86-511-85234387
Received: September 14, 2012 Revised: November 5, 2012
Accepted: November 11, 2012
Published online: December 28, 2012

RESULTS: Among 92 patients with gastric adenocarcinomas surgically removed in this study, high HMGB3
protein expression was detected in the gastric adenocarcinoma tissues vs peritumoral tissues (P < 0.001).
Further correlation analysis with patients’ clinical and
histology variables revealed that HMGB3 overexpression was obviously associated with extensive wall
penetration (P = 0.005), a positive nodal status (P =
0.004), and advanced tumor-node-metastasis (TNM)
stage (P = 0.001). But there was no correlation between HMGB3 overexpression and the age and gender
of the patient, tumor localization or histologic grade.
Statistical Kaplan-Meier survival analysis disclosed
significant differences in overall survival between the
HMGB3 overexpression group and the HMGB3 no
or low expression group (P = 0.006). The expected
overall survival time was 31.00 ± 3.773 mo (95%CI =
23.605-38.395) for patients with HMGB3 overexpression and 49.074 ± 3.648 mo (95%CI = 41.925-57.311)
for patients with HMGB3 no and low-level expression.
Additionally, older age (P = 0.040), extensive wall penetration (P = 0.008), positive lymph node metastasis (P
= 0.005), and advanced TNM tumor stage (P = 0.007)
showed negative correlation with overall survival. Multivariate Cox regression analysis indicated that HMGB3
overexpression was an independent variable with respect to age, gender, histologic grade, extent of wall
penetration, lymph nodal metastasis, and TNM stage
for patients with resectable gastric adenocarcinomas
with poor prognosis (hazard ratio = 2.791, 95%CI =
1.233-6.319, P = 0.019). In the gene function study,

Abstract
AIM: To elucidate high mobility group-box 3 (HMGB3)
protein expression in gastric adenocarcinoma, its
potential prognostic relevance, and possible mechanism
of action.
METHODS: Ninety-two patients with gastric adenocarcinomas surgically removed entered the study. HMGB3
expression was determined by immunohistochemistry
through a tissue microarray procedure. The clinicopathologic characteristics of all patients were recorded,
and regular follow-up was made for all patients. The
inter-relationship of HMGB3 expression with histological and clinical factors was analyzed using nonparametric tests. Survival analysis was carried out by
Kaplan-Meier (log-rank) and multivariate Cox (Forward
LR) analyses between the group with overexpression
of HMGB3 and the group with low or no HMGB3 ex-
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The HMG-box subfamily also plays an important role in
DNA replication, transcription, recombination and repair,
etc.[3,4]. HMGB3 was reported to have high expression in
embryos and weak expression in adult tissues. HMGB3
is important in keeping the balance between self-renewal
and differentiation status in mouse hematopoietic stem
cells[5]. Also it was known that HMGB3 is indispensible in
maintaining mouse leukemia stem cell self-renewal capability. Simultaneously overexpression of HMGB3, c-MyB
and CBX5 can make hematopoietic stem/progenitor cells
immortalized[6]. Recent studies showed that HMGB3 and
NPU98 fusion protein forms a new oncogenic gene in
leukemia[7]. HMGB3 also participates in recurrence of
acute lymphoid leukemia and it shows high expression in
the progression phase of breast cancer[8]. HMGB3 was
identified as one of the bio-markers detected in peripheral
blood in lung cancer[9]. Though HMGB3 is found in some
types of cancers, its role in gastric cancer is still unclear.
In this study, we observed the expression of HMGB3
in gastric adenocarcinoma tissues by immunochemistry,
and analyzed its correlation between expression level and
clinicopathologic variables and prognosis. We found that
HMGB3 showed a high expression level in gastric cancer vs peritumoral tissues. And HMGB3 overexprssion
was obviously associated with extensive wall penetration,
a positive nodal status, advanced TNM stage and poor
prognosis. Moreover, we silenced HMGB3 expression in
BGC823 gastric cancer cell line by small interfering RNA
(siRNA), and observed the changes in cell proliferation
and cell cycle. BGC823 cells with HMGB3 knocked
down showed a decreased proliferation rate and the ratio of G0/G1 phase cells in the cell cycle significantly
increased. Results above indicate that the overexpression
of HMGB3 is a marker for poor prognosis of gastric
adenocarcinomas and that it may function by affecting
gastric cell proliferation and cell cycle.

after HMGB3 was knocked down in the gastric cell line
BGC823 by shRNA, the cell proliferation rate was reduced at 24 h, 48 h and 72 h. Compared to BGC823
shRNA-negative control (NC) cells, the cell proliferation
rate in cells that had HMGB3 shRNA transfected was
significantly decreased (P < 0.01). Finally, cell cycle
analysis by FACS showed that BGC823 cells that had
HMGB3 knocked down were blocked in G1/G0 phase.
The percentage of cells in G1/G0 phase in BGC823
cells with shRNA-NC and with shRNA-HMGB3 was
46.84% ± 1.7%, and 73.03% ± 3.51% respectively (P
= 0.001), whereas G2/M cells percentage decreased
from 26.51% ± 0.83% to 17.8% ± 2.26%.
CONCLUSION: HMGB3 is likely to be a useful prognostic marker involved in gastric cancer disease onset
and progression by regulating the cell cycle.
© 2012 Baishideng. All rights reserved.

Key words: High mobility group-box 3; Gastric adenocarcinoma; Prognosis; Cell proliferation; Cell cycle
Peer reviewer: Yujin Hoshida, MD, PhD, Cancer Program,
Broad Institute, 7 Cambridge Center, Cambridge, MA 02142,
United States
Tang HR, Luo XQ, Xu G, Wang Y, Feng ZJ, Xu H, Shi YW,
Zhang Q, Wu LG, Xue CQ, Wang CW, Wu CY. High mobility
group-box 3 overexpression is associated with poor prognosis
of resected gastric adenocarcinoma. World J Gastroenterol
2012; 18(48): 7319-7326 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v18/i48/7319.htm DOI: http://
dx.doi.org/10.3748/wjg.v18.i48.7319

INTRODUCTION
Gastric cancer is reported to be one of the common devastating types of cancer. It has a high occurrence rate, short
survival period and high mortality rate. The mortality rate
can be up to 25.2/100 000 in China, which accounts for
25% of deaths in malignant cancer. The occurrence ratio
and mortality are ranked as No. 1 and No. 2 in malignant
cancer[1]. Usually gastric cancer is already at a late stage
when it is diagnosed; the 5-year survival rate in clinical
stage Ⅲ and Ⅳ patients is only about 28.4% and 7.6%,
respectively. There are many factors including lymph node
metastasis, extent of wall penetration, pathological tumornode-metastasis (pTNM) stage, and surgical mode etc.,
associated with prognosis of the disease. Those factors
are more clinipathologically related, however, investigating
molecular biomarkers can not only provide indications for
clinic prognosis, but also can identify potential targets for
clinical therapy.
High mobility group-box 3 (HMGB3) belongs to the
high mobility group box (HMG-box) subfamily. It has
99% homology with HMGB1 and HMGB2[2]. This subfamily has a HMG-box, so it can regulate gene transcription by participating with formation of enhancesomes.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients and specimens
Tissue microarrays (TMAs) from a total of 92 consecutive cases of gastric adenocarcinomas operated on in our
hospital from December 2006 to October 2007 were prepared for immunohistochemical testing. All the patients
were given radical resection and D1+ or D2 lymphadenectomy followed by adjuvant chemotherapy with the
regimen epirubicin, cisplatin and fluorouracil. No preoperative therapy was given to any patient. The pathologic
staging was made according to American Joint Committee
on Cancer TNM staging system. The follow up end point
was defined as the death of patients. The use of the tissue
samples in TMA analysis and clinical data was approved
by Medical Ethics Committee of Jiangsu University and
the patients. Patients’ clinical and histopathologic data
were summarized in Table 1.
Tissue microarrays
For each case, we selected the tumor foci for the TMA
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rum. TMAs were incubated with biotinylated goat antirabbit antibodies and ExtrAvidin-conjugated horseradish
peroxidase. Staining was developed with diaminobenzidine substrate and sections were counterstained with hematoxylin. Normal mouse serum or phosphate-buffered
saline (PBS) replaced anti-HMGB3 antibodies used as
negative controls.

Table 1 Clinical and histopathologic data of the patients and
expression of high mobility group-box 3 in correlation with
clinicopathologic variables: High mobility group-box 3 overexpression predicts the clinical course (n = 92) (%)
Variables
Age at surgery (yr)
≤ 60
> 60
Gender
Male
Female
Extent of wall penetration
pT1-2
pT3-4
Lymph node metastasis
N0
N1-3
Tumor stage
StageⅠ+ Ⅱ
Stage Ⅲ + Ⅳ
Tumor localisation
Fundus gastricus and cardia
Gastric body
Gastric antrum
Histologic grade
G1 + 2
G3 + 4

Samples

HMGB3
overexpression

34 (36.96)
58 (63.04)

20 (60.00)
30 (51.16)

0.247

61 (66.30)
31 (33.70)

30 (50.00)
20 (62.5)

0.649

22 (23.91)
70 (76.01)

6 (26.67)
44 (63.46)

0.005

27 (29.3)
65 (70.65)

5 (14.29)
45 (70.59)

0.004

37 (40.22)
55 (59.78)

9 (23.21)
41 (56.76)

0.001

11 (11.96)
33 (35.87)
48 (52.17)

6 (54.55)
21 (63.64)
23 (47.91)

0.955

22 (23.91)
70 (76.09)

9 (40.91)
41 (58.57)

0.073

P value

The quantification of HMGB3 protein expression
HMGB3 expression was semiquantitatively estimated as
the total HMGB3 immunostaining score, which was calculated as the sum of a proportion score and an intensity
score. The proportion score reflects the fraction of positive staining cells (score 0, < 5%; score 1, 5%-10%; score
2, 10%-50%; score 3, 50%-75%; score 4, > 75%). The
intensity score represents the staining intensity (score 0, no
staining signal; score 1, weak positive signal; score 2, moderate positive signal; score 3, strong positive signal). Finally,
a total expression score was given ranging from 0 to 12.
Based on the analysis in advance, the overexpression of
HMGB3 was defined as a total expression score ≥ 9[10].
Cell line and culture conditions
The human gastric cancer cell line BGC823 was obtained
from the American Type Culture Collection (Rockville,
MD). The cells were cultured in Dulbecco’s modified Eagle’s minimal essential medium media supplemented with
10% fetal bovine serum (Gibco), penicillin (100 IU/mL)
and streptomycin (100 mg/mL) and grown in a humidified incubator with a 5% CO2 atmosphere at 37 ℃.

HMGB3: High mobility group-box 3.

construction during routine diagnosis by marking them
on the more representative hematoxylin-eosin-stained
slide with a waterproof pencil. At the same time we
chose corresponding peritumoral tissue as a control. The
advanced tissue arrayer (ATA-100, Chemicon International, Tamecula, CA, United States) was used to create
holes in a recipient paraffin block to acquire cylindrical
core tissue biopsies with a diameter of 1 mm from the
specific areas of the “donor” block. The tissue core biopsies were transferred to the recipient paraffin block
at defined array positions. The TMAs contained tissue
samples from 92 formalin-fixed, paraffin-embedded
cancer specimens with known diagnosis, and correlated
noncancerous tissues from the same patients. The block
was incubated in an oven at 45 ℃ for 20 min to allow
complete embedding of the grafted tissue cylinders in
the paraffin of the recipient block, and then stored at
4 ℃ until microtome sectioning.

RNA interference
Human HMGB3 small hairpin RNA (shRNA) and control shRNA were obtained from Shanghai R and S Biotechnology Co., Ltd, and were transfected into cells using
Lipofectamine 2000 reagent (Life Technologies, Carlsbad,
CA, United States) according to the manufacturer’s instructions.
Cell proliferation assay
Cells were plated at a density of 5 × 103 cells/well in
96-well plates in 200 mL medium. After siRNA was
tranfected for 24 h, 48 h and 72 h, 20 μL MTT was
added to each well. The mixture was incubated at 37 ℃
for 4 h in the dark, washed to remove media and MTT,
and 200 μL dimethyl sulfoxide added to each well. The
absorption value at 490 nm was recorded.

Immunohistochemical staining
Rabbit-derived anti-human HMGB3 antibody (Epitomics, Cat. #2416-1) were used for immunohistochemical
(IHC) detection of HMGB3 protein in TMAs. TMA
sections were processed for IHC demonstration of
HMGB3 protein by the Biotin-Avidin-Peroxidase detection system (Sigma). The anti-HMGB3 antibodies were
used at 1:50 dilutions. Endogenous peroxidase was inhibited by incubation with freshly prepared 3% hydrogen
peroxide with 0.1% sodium azide. Nonspecific staining
was blocked with 0.5% casein and 5% normal goat se-
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Cell cycle analysis
The BGC823/blank, BGC823/small hairpin RNAs-negative control (shRNAs-NC) shRNA-NC and BGC823/
shRNA-HMGB3 cells were seeded in six-well plates at a
concentration of 5 × 105 cells/mL. Cells were harvested
following trypsinization, washed once with cold PBS and
fixed in 70% ethanol for 24 h. DNA staining was carried out by resuspending the cells in a solution of PBS
containing 20 mg/mL of RNase A, 50 mg/mL of propidium iodide, with subsequent incubation at 37 ℃ for 30
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A

B

C

D

Figure 1 Expression of
high mobility group-box 3
in gastric adenocarinoma
tissue and peritumoral tissue. A: Peritumoral tissue,
no staining; B: Peritumoral
tissue, weak staining; C:
Gastric adenocarinoma tissue, weak staining; D: Gastric adenocarcinoma tissue,
highly positive staining.

min. The stained cells were analysed for the FL-2 area
using a flow cytometer (Beckman Coulter, Brea, CA),
and DNA histograms were analyzed using Modifit software. Experiments were performed in triplicate. Results
are presented as percentage of cells in a particular phase.

score ≥ 9) was elevated in gastric adenocarcinoma tissue
compared with corresponding peritumoral tissue (54.35%
vs 0.00%, P < 0.001). The difference in HMGB3 expression between peritumoral and normal (distant) tissues
was not assessed. We also detected the HMGB3 mRNA
level in gastric adenocarcinoma tissue and the corresponding peritumoral tissues by using quantitative reverse
transcriptase-polymerase chain reaction, and it was found
that HMGB3 mRNA expression level was significantly
higher in gastric cancer than in peritumoral samples (detailed data not shown).

Statistical analysis
Data was analyzed using the statistical package for the
Social Sciences Version 16.0 (SPSS 16.0). For clinical
data statistical analysis, the inter-relationship of HMGB3
expression with histology or clinical factors was analyzed
using nonparametric tests. The screen of significant factors associated with survival rate in patients with gastric
adenocarcinoma used Kaplan-Meier and log-rank test;
Cox regression analysis (Forward LR) was used for multivariate analysis and to determine the 95% confidence
interval. Cell experiment data were expressed as mean ±
SD of three independent experiments. Significance of
differences between groups was determined by one-way
analysis of variance. The significance was set at P < 0.05.

Relevance between HMGB3 expression and patients'
clinical and histopathologic characteristics
We analyzed the correlation between HMGB3 expression
and age, gender, tumor localization, histologic grade, extent of wall penetration, lymph node metastasis and tumor
stage. The results showed that HMGB3 expression level
was much higher in the pT3-4 group compared to the
pT1-2 group (P = 0.005); it was also much higher in the
N1-3 group compared to the N0 group (P = 0.004) and
in the stage Ⅲ + Ⅳ group compared to the stageⅠ+ Ⅱ
group (P = 0.001); all the results were statistically significant. But the correlation between HMGB3 expression and
the age and gender of the patient and tumor localization,
histologic grade had no statistical significance (Table 1).
We used Kaplan-Meier survival analysis to analyze
the gender, age, tumor localization, histologic grade, extent of wall penetration, lymph node metastasis, tumor
stage and HMGB3 expression correlation with patient’s
prognosis. It was observed that there was no correlation
between gender, tumor localization and histologic grade
with prognosis. But age (P = 0.040), extent of wall pen-

RESULTS
Expression of HMGB3 protein in the gastric
adenocarcinomas
Expression of HMGB3 protein was evaluated by immunohistochemical staining. In gastric adenocarcinoma cells,
the expression of HMGB3 protein was mainly found in
the nucleus, and weakly detected in cytoplasm (Figure 1).
Positive staining was detected at a level of 94.57% (87/92)
in gastric adenocarcinoma tissue, and 52.17% (48/92) in
peritumoral tissue with significant difference (P < 0.001).
The rate of HMGB3 overexpression (total expression
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Samples
Average
(n )
survival (mo)

Sex
Male
Female
Age (yr)
≤ 60
> 60
Histologic grade
G1 + G2
G3 + G4
Lymph node status
pN0
pN1-3
Extent of wall penetration
pT1 + 2
pT3 + 4
TNM stage
StageⅠ+ Ⅱ
Stage Ⅲ + Ⅳ
HMGB3 expression
No or low expression
Overexpression
Location
Stomach fundus
Gastric body
Gastric antrum

95%CI

P value

61
31

41.563 ± 2.823
37.24 ± 4.027

36.031-47.096
29.347-45.133

0.308

34
58

47.409 ± 4.113
35.143 ± 3.797

39.348-55.470
27.700-42.585

0.040

22
70

40.938 ± 5.238
37.366 ± 3.366

30.670-51.205
30.769-43.963

0.323

27
65

54.800 ± 1.885
33.158 ± 3.646

51.085-58.515
26.012-40.304

0.005

22
70

48.385 ± 3.949
33.447 ± 3.447

40.645-56.124
26.692-40.203

37
55

47.511 ± 2.927
32.949 ± 3.266

41.774-53.248
26.547-39.352

Group
1.00
2.00
1.00-censored
2.00-censored

0.8
Cum survival

Clinicopathological
characteristics

Survival functions

1.0

Table 2 Relationship between high mobility group-box 3
overexpression, clinicopathological characteristics and average
survival in gastric adenocarcinoma patients (mean ± SD)

0.6
0.4
0.2

42
50
11
33
48

49.074 ± 3.648
31.00 ± 3.773
31.455 ± 7.193
41.395 ± 3.640
41.410 ± 3.211

41.925-57.311
23.605-38.395
17.356-45.553
34.226-48.493
35.116-47.703

0.0
0.00

20.00

40.00

60.00

t /mo

Figure 2 Kaplan-Meier survival curves between high mobility group-box 3
high expression group and low expression group (P = 0.006, Mantel-cox).
Group 1: High mobility group-box 3 (HMGB3) no or low expression; Group 2:
HMGB3 overexpression.

0.008
0.007

Blank

0.6

shRNA-NC
shRNA-HMGB3

0.5

0.006

0.4

P < 0.01

1

0.226
0.2972
0.9223

0.3
0.2

1

P = 0.226 vs gastric antrum; 2P = 0.297 vs stomach fundus; 3P = 0.922 vs
gastric body. HMGB3: High mobility group box 3.

0.1
0.0

etration (P = 0.008), lymph node metastasis (P = 0.005),
TNM tumor stage (P = 0.007) and HMGB3 overexpression (P = 0.006) showed a correlation with overall
survival (Table 2). This survival analysis revealed that
HMGB3 overexpression affected overall survival. There
was a significant difference in overall survival between
groups with HMGB3 overexpression and with no or low
level expression (Table 2 and Figure 2). The expected
overall survival time was 31.00 ± 3.773 mo for tumors
with HMGB3 overexpression (95%CI = 23.605-38.395)
and 49.074 ± 3.648 mo for tumors with HMGB3 no
or low level expression (95%CI = 41.925-57.311). Multivariate Cox regression analysis indicate that HMGB3
overexpression was predictive of mortality (hazard ratio
= 2.791, 95%CI = 1.233-6.319, P = 0.019), and as an
independent variable with respect to age, gender, histologic grade, extent of wall penetration, lymph node
metastasis, and TNM stage for patients with resectable
gastric adenocarcinomas.

48

72

t /h

Figure 3 Effects of small hairpin RNAs-high mobility group-box 3 on
BGC823 cell proliferation by MTT assay. Data shown as mean ± SD. Experiment was performed in triplicate, P < 0.01 small hairpin RNAs-negative control
(shRNAs-NC) vs shRNA-high mobility group-box 3 (HMGB3).

eration rate in cells that have HMGB3 siRNA transfected
was decreased significantly (P < 0.01; Figure 3). These
results indicate that knockdown of HMGB3 inhibits cell
proliferation.
Silencing of HMGB3 impacts cell cycle progression
To identify a potential mechanism for HMGB3-specific
silencing-mediated reduction of cell proliferation, cell
cycle distribution was assessed using flow cytometry. The
analysis showed that the percentage of cells in G0/G1
phase increased significantly (P = 0.001), whereas cells
in the G2/M phases decreased in BGC823/HMGB3
RNAi cells compared with their parental controls. The
percentage of cells in G1/G0 phase in BGC823 cells
with shRNA-NC and with shRNA-HMGB3 was 46.84%
± 1.7% and 73.03% ± 3.51% respectively, whereas the
percentage of cells in G2/M was 26.51% ± 0.83% and
17.8% ± 2.26%. These data suggest that HMGB3 silencing may induce G0/G1 cell arrest (Figures 4 and 5).
Results above showed that high expression of HMGB3

Silencing of HMGB3 expression inhibits BGC823 cell
proliferation
To determine whether HMGB3 RNAi had an inhibitory
effect on gastric cancer cell line BGC823 cell proliferation, we measured cell growth with an MTT assay. Data
demonstrated that after HMGB3 was silenced, the cell
proliferation rate significantly reduced in 24 h, 48 h, 72 h.
Compared to BGC823 cells with shRNA-NC, cell prolif-
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900
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G0/G1 73.77%
S
8.96%
G2/M 17.26%

1000

0

20
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Channels (FL2-A)
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Figure 4 Flow cytometry analysis of cell cycle distribution in BGC823 cells after transfection of high mobility group-box 3 small hairpin RNA for 48 h. A: Small
hairpin RNAs (shRNA)-negative control; B: shRNA-high mobility group-box 3 group.
90
80

HMGB2 and HMGB3[2]. HMGB family is thought to
play a fundamental role in DNA replication, nucleosome
assembly and transcription. There are studies overwhelmingly focusing on HMGB1, since it is widely expressed in
all kinds of cell types in adult vertebrates. HMGB1 has
been shown to interact with recombination activating gene
1 (RAG1) and RAG2 to play a role in immunology and
inflammation, and is associated with proliferation and metastasis of many tumor types[11,12]. However, little is known
about the function of HMGB3.
In this study, we analyzed the role of HMGB3 in gastric cancer. Firstly, we observed HMGB3 expression in
gastric adenocarcinoma and found it has a high expression
level. The positive expression rate in gastric adenocarcinoma is 94.57% (87/92); the overexpression rate reached
54.35% (50/92). While the positive expression rate in gastric peritumoral tissue is 52.17 % (48/92), no overexpression was found in it. Pourhoseingholi et al[13] reported that
HMGB3 also has high expression in progressive breast
cancer. A combination of proofs that there is high expression of HMGB3 in recursive leukemia[8] and the pivotal
role of HMGB3 in maintaining the self-renewal capability
of leukemia stem cells[6] imply that HMGB3 is a critical
gene participating in cancer progression. Secondly, we further analyzed the correlation of HMGB3 expression with
gastric cancer clinicopathologic variables and prognosis.
We found high HMGB3 expression correlates with extensive wall penetration, positive lymph node metastasis and
advanced tumor stage, which are the important prognostic
factors in gastric cancer. Kaplan-Meier survival analysis
showed HMGB3 high expression is negatively correlated
with the overall survival of patients with resected gastric adenocarcinoma. The expected overall survival time
in high HMGB3 expression patients is 31.000 ± 3.773
mo, while in no or low HMGB3 expression patients it is
49.074 ± 3.648 mo. Multivariate analysis shows HMGB3
overexpression can work as an independent variable for
poor survival in resectable gastric adenocarcinoma. In
analyzing factors affecting gastric cancer prognosis, different research groups reached more or less different conclusions since the methods used and the samples they ana-

Blank

P = 0.001

shRNA-NC
shRNA-HMGB3

70
60
50
40
30
20
10
0

G0/G1

S

G2/M

Figure 5 Cell cycle distribution in BGC823 cells after transfection of high
mobility group-box 3 small hairpin RNA for 48 h. Data shown as mean ± SD.
Experiment was performed in triplicate, P = 0.001 between small hairpin RNAsnegative control (shRNAs-NC) and shRNA-high mobility group-box 3 (HMGB3).

in gastric cancer positively correlated with extensive wall
penetration, positive lymph node metastasis, advanced
tumor stage, and poor prognosis. Multivariable Cox regression indicated that this protein overexpression can be
used as an independent biomarker in prognosis of gastric
cancer. It implies that HMGB3 might participate in gastric cancer onset and development. Further silencing of
HMGB3 expression in the gastric cancer cell line by shRNA showed that cell proliferation decreased and the cell
cycle was blocked in G0/G1 phase. These results indicate
that HMGB3 had a role in the proliferation and cell cycle
of gastric cancer cells.

DISCUSSION
The onset and progression of gastric cancer correlated
with various molecular and genetic incidents. To investigate the significance of the molecular expression in
gastric cancer may help us to identify potential treatment
targets and (or) predictive markers of prognosis.
The HMG Box subfamily is a family of non-histone
chromosomal proteins; these members including HMGB1,
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lyzed were different. However, there are common factors
including age, tumor late stage, small surgical area, large
cancer volume, adjuvant chemotherapy etc. correlated with
poor prognosis in gastric cancer[14-17]. Many researchers reported that pathological classification is also an important
factor affecting prognosis[14,15,17], though in this study it
showed a negative result. This could be due to the number
of level Ⅱ and Ⅲ patients being large, thus affecting the
conclusion. Now the diagnosis and therapy of tumors is
entering the “molecular moment”. Molecular biomarkers
not only could be prognostic factors, but could also be
potential therapeutic targets for clinical therapy. Mitogenactivated protein kinase, Janus kinase/signal transducers and activators of transcription and nuclear factorkappaB were reported to have high expression levels in
gastric cancer[18-20]; however, none of them can be used
as a prognostic biomarker alone. Ki67 and PNCA have
been widely used to indicate a high cancer cell proliferation rate, and both of them are highly expressed in gastric
cancer[21]; however, neither has been used to determine
prognosis[22,23]. Her2, a therapy target in breast cancer[24,25],
is also found in gastric cancer as a new prognostic factor and a novel therapeutic target[26,27]. Lastly, we used the
gastric cancer cell line BGC823 to investigate cell proliferation and cell cycle changes after silencing of HMGB3.
It was observed that the cell proliferation rate was greatly
reduced, and the cell cycle was blocked in G1/G0 phase.
This indicates that HMGB3 may promote cell proliferation through cell cycle progression. Researchers found
that the number of G2/M cells was significantly reduced
in HMGB3-/- mouse hematopoietic progenitor cells and
this could be attributed to blockage of the cell cycle in
G0/G1 phase[5]. In Xenopus, Terada et al[28] observed that
the cell proliferation rate of retinal progenitor cells can be
promoted with overexpression of HMGB3. They further
discovered that this is accompanied by P27 downregulation[29]. P27 is a member of the cyclin dependent kinase
inhibitor family, CIP/KIP, and can prevent activation of
cyclin E-CDK6 and cyclin D-CDK4, which consequently
blocks cells in G1 phase[30]. Thus, we propose that the
mechanism under which HMGB3 promotes cancer onset
and development is mainly by enhancing cell proliferation.
In summary, high-level expression of HMGB3 protein was detected in gastric adenocarcinoma cells. The
overexpression of HMGB3 was correlated with a poor
prognosis of gastric cancer patients. HMGB3 may promote gastric cancer cell proliferation by regulating the
cell cycle. Therefore, our data encourages further investigations to elucidate the role of HMGB3 and its molecular mechanism.

Recent studies showed that high mobility group-box3 (HMGB3) and NPU98 fusion protein form a new oncogenic gene in leukemia. HMGB3 also participates
in recurrence of acute lymphoid leukemia and it shows a high expression level
in the progression phase of breast cancer. HMGB3 was identified as one of
the biomarkers detected in peripheral blood in lung cancer. Though HMGB3 is
found in some types of cancers, its role in gastric cancer is still unclear.

Innovations and breakthroughs

The authors observed the expression of HMGB3 in gastric adenocarcinoma tissues by immunochemistry, and analyzed its correlation between expression level
and clinicopathologic variables and prognosis. Results indicated that the overexpression of HMGB3 is a marker for poor prognosis of gastric adenocarcinomas.
HMGB3 may function through affecting gastric cell proliferation and cell cycle.

Peer review

The results are interesting and suggest that HMGB3 is likely to be a useful
prognostic marker involved in gastric cancer disease onset and progression by
regulating the cell cycle.
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Donor safety and remnant liver volume in living donor liver
transplantation
Zheng-Rong Shi, Lu-Nan Yan, Cheng-You Du
eration time, and preoperative donor blood test indicators were calculated for the three groups. No significant
differences were observed between the donors’ gender,
age, height, weight, and operation time. According to
the Chengdu standard liver volume formula, the total
liver volume of group 1 was 1072.88 ± 131.06 mL,
group 2 was 1043.84 ± 97.11 mL, and group 3 was
1065.33 ± 136.02 mL. The three groups showed no
statistically significant differences. When the volume of
the remnant liver was less than 35% of the total liver
volume, the volume of the remnant had a significant effect on the recovery of liver function and intensive care
unit time. In addition, the occurrence of complications
was closely related to the remnant liver volume. When
the volume of the remnant liver was more than 35% of
the total liver volume, the remnant volume change had
no significant effect on donor recovery.
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CONCLUSION: To ensure donor safety, the remnant liver
volume should be greater than the standard liver volume
(35%) in right lobe living donor liver transplantation.

Abstract
AIM: To evaluate the relationship between donor safety and remnant liver volume in right lobe living donor
liver transplantation (LDLT).

© 2012 Baishideng. All rights reserved.

Key words: Donor safety; Remnant liver volume; Living
donor; Liver transplantation; Complications grade

METHODS: From July 2001 to January 2009, our liver
transplant centers carried out 197 LDLTs. The clinical
data from 151 cases of adult right lobe living donors
(not including the middle hepatic vein) were analyzed.
The conditions of the three groups of donors were well
matched in terms of the studied parameters. The donors’ preoperative data, intraoperative and postoperative data were calculated for the three groups: Group
1 remnant liver volume (RLV) < 35%, group 2 RLV
36%-40%, and group 3 RLV > 40%. Comparisons included the different remnant liver volumes on postoperative liver function recovery and the impact of systemic
conditions. Correlations between remnant liver volume
and post-operative complications were also analyzed.
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INTRODUCTION
To solve the shortage of liver grafts in adult liver trans-

RESULTS: The donors’ anthroposomatology data, op-
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plantation, an increasing number of transplant centers
have used right graft living donor liver transplantation.
This surgical method can provide a greater proportion
of liver grafts to meet the metabolic demands of recipients. However, right lobe graft donors take more risks
and have more complications than left graft donors. This
has created considerable controversy with respect to donor safety. At the present time, there have been 17 donor
deaths reported, and the morbidity was reported to be in
the range of 20% to 30%[1-3].
It has been reported in the literature that donor complications are closely related to remnant liver volume
(RLV)[4,5]. Initial experiences from previous studies have
suggested leaving a remnant of not less than 30%[6]. Other
articles have reported that remnant liver volumes less than
35% do not appear to be a contraindication for right liver
procurement in living donors[7].
Considering the controversy regarding safety and
remnant liver volume in right-lobe living donor liver transplantation (LDLT), we analyzed our own data. We retrospectively examined the remnant liver volume in our right
graft donors and compared those donors with different
remnant liver volumes. Thus, the aim of the present study
was to assess the relationship between donor recovery,
complications and the volume of remnant liver[7,8].

(error < 1 cm), and body weight (error < 0.5 kg). Preoperative donor blood test indicators were also obtained.
These indicators included: hemoglobin (HGB), alanine
aminotransferase (ALT), aspartate aminotransferase
(AST) and total bilirubin (TBIL). Donor selection was
based on a designated radiologist row computerised
tomography examination and determination of liver volume. All donors used the same surgery/medical team.
Surgical procedures
An LDLT was completed through a right subcostal incision with an upward midline extension. Intraoperative
cholangiography via cystic duct cannulation was required
to evaluate the anatomy of the bile duct. A right hilar
dissection was then performed to isolate the right hepatic artery, right portal vein, and right hepatic duct[11].
The right lobe of the liver was then rotated towards the
left side for division of the ligaments on the right side
of the liver, the minute venous branches between the anterior surface of the inferior vena cava and the posterior
surface of the paracaval portion of the caudate lobe. To
prevent impeding the circulation, the right hepatic vein
and the right inferior hepatic veins that were larger than
5 mm were preserved until the time of harvesting.
The transection plane was determined by intraoperative ultrasonography and the temporary occlusion of the
right portal vein and right hepatic artery. After identification of the confluence of the left and right hepatic
ducts, the right hepatic duct was divided near the confluence of the hepatic ducts using scissors. The divided end
was closed transversely using a continuous 5-0 prolene
suture. The transection was carried down to the junction
of the right hepatic vein and the inferior vena cava. The
right hepatic artery was then divided. To accomplish this,
the right hepatic vein was clamped at the junction with
the inferior vena cava and divided. The stumps of the
right portal vein and right hepatic vein were closed with
continuous nonabsorbable sutures. The falciform ligament was then sutured to the anterior abdominal wall. A
drain was inserted into the right subphrenic cavity prior
to wound closure[12].

MATERIALS AND METHODS
Patient population
From July 2001 to January 2009, our transplant centers
carried out 197 LDLTs. Inclusion criteria were: (1) a
healthy adult donor, age > 18 and < 60 years; (2) a right
liver graft without the middle hepatic vein (MHV); (3)
adult-to-adult LDLT; (4) single donors; and (5) without a
history of long-term drinking. Exclusion criteria: (1) age
< 18 or > 60 years; (2) a left hepatic graft or left lateral
lobe graft; (3) double donor grafts; (4) adult-to-child
transplants; and (5) donors that were hepatitis B virus or
hepatitis C virus carriers.
After the above selection criteria eliminated some patients, eligible subjects were identified. In total, we identified 151 cases of right liver adult-to-adult living donors
(not including the MHV). Ninety cases were male and
61 were female. The total liver volume was calculated using the Chengdu standard liver volume formula[9,10]. The
volume of actual grafts (excluding the MHV of the right
liver) was measured intraoperatively. Remnant liver volume = the total liver volume - the volume of the actual
graft. According to the ratio of the remnant liver volume to the total liver volume, the cases within the study
group were further subdivided into three groups: Group
1: RLV < 35% (n = 14), group 2: RLV 36%-40% (n =
20), and group 3: RLV > 40% (n = 117).
Written informed consent was obtained from all
patients to include their data in this study, which was approved by the HuaXi Ethics Committee and conformed to
the ethical guidelines of the 1975 Declaration of Helsinki.

Measurement of volume
The weight of the grafted liver was measured using a
pan scale, the error was found to be less than 10 g. The
volume was measured using the drainage method in a
3 L beaker full of saline; the error was found to be less
than 10 mL.
Postoperative procedures
Postoperatively, donors stayed in the intensive care unit
(ICU) for monitoring and oxygen, and received parenteral nutrition which was rich in branched-chain amino
acids. Donors bagn parenteral nutrition following intestinal function recovery. When necessary, donors received
blood transfusions or plasma and human serum albumin.
Postoperative monitoring of HGB, ALT, AST, TBIL,
and the international standardization ratio (INR) was
performed. ICU time, hospital stay, timely diagnosis, and

Preparation of preoperative clinical data
Indicator variables included: age, gender, body height
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Table 1 Characteristics of the study group and volumetric data
Patients
Characteristics

Group 1 (RLV < 35%) Group 2 (40% > RLV > 35%) Group 3 (RLV > 40%)

n = 14
Demographic and intraoperative data
Gender (M/F), 90/61
10/4
Age (yr)
37.1 ± 8.7
Weight (kg)
64.3 ± 11.4
Height (cm)
164.9 ± 12.3
Operation time (min)
389.9 ± 87.2
EBL (mL)
602.8 ± 73.1
Preoperative laboratory data
ALT (IU/L)
28.2 ± 16.6
AST (IU/L)
28.9 ± 17.4
TBIL (mg/dL)
12.7 ± 3.8
Hemoglobin (g/L)
147.1 ± 13.2
Volumetric data of Chengdu standard liver volume formula (mL)
Whole liver volume of formula
1072.88 ± 131.06
Graft volume
745.00 ± 100.22
Remnant liver volume of formula
327.88 ± 61.83
Remnant volume/whole volume of
30.56 ± 4.17
Chengdu formula(%)

P1

P value
P2
P3

n = 20

n = 117

12/8
41.0 ± 12.7
61.7 ± 8.4
163.3 ± 9.1
373.4 ± 60.5
582.9 ± 81.6

62/46
38.0 ± 9.8
63.6 ± 11.8
164.5 ± 13.1
363.7 ± 71.9
531.3 ± 50.7

0.717
0.337
0.463
0.664
0.581
0.740

1.000
0.156
0.500
0.679
0.472
0.583

0.395
0.431
0.844
0.925
0.765
0.341

29.8 ± 15.7
25.6 ± 9.9
13.9 ± 6.1
142.4 ± 17.2

27.8 ± 20.9
23.3 ± 11.1
15.2 ± 7.0
141.5 ± 16.9

0.784
0.496
0.529
0.392

0.683
0.389
0.413
0.822

0.937
0.105
0.189
0.229

1043.84 ± 97.11
653.80 ± 56.55
390.04 ± 48.46
37.31 ± 2.06

1065.33 ± 136.02
534.83 ± 89.26
530.50 ± 125.83
49.63 ± 7.33

0.463
0.006
0.002
0.000

0.500
0.000
0.000
0.000

P1: Group 1 vs group 2; P2: Group 2 vs group 3; P3: Group 1 vs group 3. RLV: Remnant liver volume; EBL: Estimated blood loss; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL: Total bilirubin.

treatment of surgical complications were recorded. Donor follow up was 6 to 48 mo, and all follow up information was recorded.

the conditions of the three groups of donors were well
matched in terms of the studied parameters.
Volume-related parameters
Compared to Heinemann, Urata, Vauthey[13-16], and the
Lee formulae[17], the Chengdu standard liver volume formula was demonstrated to be more reliable in LDLT. In
LDLT, this formula can more accurately forecast total
liver volume[10]. Standard liver volumes in the 151 cases
were calculated using the Chengdu formula: SLV (mL)
= 11.5 × body weight (kg) ± 334. The volumes of the
actual grafts (excluding the MHV of the right liver) were
measured intraoperatively. Remnant liver volume = the
total liver volume - the volume of the actual graft. We
determined the ratio of the remnant liver by remnant
liver volume/standard liver volume. The liver volumerelated parameters are shown in Table 1.
According to the Chengdu standard liver volume
formula, the total liver volume in group 1 was 1072.88
± 131.06 mL, group 2 was 1043.84 ± 97.11 mL, and
group 3 was 1065.33 ± 136.02 mL. The three groups
showed no statistically significant differences. However,
the graft volume in group 1 was 745.00 ± 100.22 mL,
group 2 was 653.80 ± 56.55 mL, and group 3 was 534.83
± 89.26 mL, revealing a statistically significant difference
between the groups. Remnant liver volume also showed
significant differences.

Statistical analysis
The mean ± SD of the data are presented. The SPSS
program (version 15.0, SPSS Inc., United States) was
used for the statistical analysis. After testing for normal
distribution using Kurtosis and Skewness tests, descriptive variables including pre-operative, intra-operative,
post-operative and prognostic parameters, were calculated. Fisher’s exact test was used to detect the differences
among the groups for categorical variables, including
gender. Independent-sample t tests were calculated to
detect differences among the groups for continuous random variables including HGB, ALT, AST, TBIL, volumetric data, postoperative INR, ICU time, hospital stay,
and reasonable and customary (R and C). A correlation
analysis using the χ 2 test was conducted to determine the
incidence of complications. The difference was considered significant if P < 0.05.

RESULTS
Baseline data of donors
The donors’ anthroposomatology data, operation time,
and preoperative blood test indicators were calculated
for the three groups: Group 1 RLV < 35%, group 2
RLV 36%-40%, and group 3 RLV > 40%. These data
are shown in Table 1. No significant differences were
observed between the donors’ gender, age, height,
weight, and operation time. Preoperative data on ALT,
AST, TBIL and HGB were also collected among the
three groups of donors. These results suggested that

WJG|www.wjgnet.com

Postoperative characteristics
Postoperative monitoring of donor ALT peak, AST
peak, TBIL peak, INR peak, and HGB value was conducted during their ICU stay and hospital stay. Postoperative characteristics are illustrated in Figure 1. The ALT
peak in the smallest remnant liver volume in group 1 was
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Table 2 Complications of the 50 donors classified according
the modified Clavien system

Group 1 (RLV < 35%)
Group 2 (40% > RLV > 35%)
Group 3 (RLV > 40%)

300
250

Grade 3a,
8 (5.3)

Grade 3b,
5 (3.3)

n

200
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2
3
2
5
9
1
3
1
1
1
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Figure 1 Postoperative characteristics of the donors. RLV: Remnant liver
volume; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR:
International standardization ratio; ICU: Intensive care unit.

1
1
2
1
1
0
0
0

8 cases had grade 3a complications, and 5 cases had grade
3b complications. No serious grade 4 or 5 complications
were observed. There were no donor deaths (Table 2).
Analysis of donor complications
A correlation analysis of the χ 2 test was used to compare different grades of complications among the three
groups of donors (Table 3). R and C correlation analysis
revealed that the complication grade had a significant
relationship with remnant liver volume.

ERCP: Endoscopic retrograde cholangiopancreatography.

325.64 ± 202.33 U/L, this value was significantly higher
than that in the other two groups (196.85 ± 130.62 U/L
and 200.70 ± 150.94 U/L, respectively). The AST peak
of 339.79 ± 172.91 U/L was also significantly higher
than that in group 2 and group 3 (P value = 0.010 and
0.003, respectively). The ALT peak and AST peak in
groups 2 and 3 showed no significant difference (P =
0.915 and 0.893, respectively). However, differences in
the TBIL peak, INR peak, and HGB value among the
three groups of donors were observed, but no statistical
differences were found.
The ICU time for group 1 was 6.93 ± 2.13 d, significantly longer than that for group 2 and group 3 (5.10 ± 1.62
d vs 5.33 ± 1.63 d, respectively). There was no statistical
difference in ICU stay between groups 2 and 3. The three
groups of patients exhibited no significant difference in
hospitalization time.

DISCUSSION
The evaluation of suitable donors is related to both donor and recipient safety. The volume of the graft liver
should ensure the absolute safety of the donor, but also
meet the needs of the recipient. For example, if the remnant liver volume is too small for the body, it can lead to
acute liver failure in the donor. If the graft is too small,
it can result in small-for-size graft syndrome[22,23]. In general, the younger the donor, the better is the liver’s regenerative capacity[24], thus donors aged between 18 and 60
years are required.
In this study, donors age ranged from 18 to 60 years.
During the preoperative examination, there were no obvious abnormal liver functions, obvious blood vessels,
biliary anatomical abnormalities, or intraoperative liver
biopsies with serious fatty degeneration. According to
the remnant liver volume, the study group was divided
into three groups. Data for each group of donors was
recorded, and included preoperative parameters, operative time, and intraoperative blood loss. No statistical
differences between the groups were found. The three
groups also had homogeneity of the body, excluding
other factors of donor recovery.
Postoperative data revealed that the ALT and AST
peaks in group 1 donors were significantly higher than
those in the other two groups. There were no significant
differences (P = 0.915 and 0.893, respectively) for the
ALT peak or AST peak between groups 2 and 3. The

Clavien classification system of complications
The Clavien classification system has been increasingly
used in the analysis of post-surgical complications[18,19].
Researchers have also begun to use this classification in
the LDLT donor complication category[20,21]. The donor
complications were calculated according to the Clavien
classification system of grading.
Donor complication grade
Fifty donors that exhibited a total of 151 complications.
According to the Clavien grading system, 28 cases had
grade 1 complications, 9 cases had grade 2 complications,
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Complications
Transient bile leak treated conservatively
Superficial wound infection treated without antibiotics
Postoperative voice change
Mild pleural effusion treated conservatively
Mild subphrenic effusion treated conservatively
Hyperbilirubinemia > 1.3 mg/dL 7 d after operation
Intra-abdominal bleeding requiring blood transfusion
Bile leak not requiring ERCP or surgical intervention
Dyspepsia
Chyle leak
Wound infection requiring antibiotics
Pneumonia requiring antibiotics
Bile leak needing ERCP
Pleural effusion requiring thoracic cavity puncture
Pleural effusion requiring thoracic drainage
Subphrenic infection requiring abdominal cavity
puncture
Chylothorax requiring thoracic cavity puncture
Portal vein thrombosis requiring re-laparotomy
Biliary stricture requiring ERCP with stent placement
Abdominal hematoma requiring intervention
Intra-abdominal bleeding requiring re-laparotomy
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28 (18.5)
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Table 3 Postoperative complications of donors
Complications

Grades
No complications (n = 101) Grade 1 (n = 28) Grade 2 (n = 9) Grade 3a (n = 8) Grade 3b (n = 5)

Group 1 (RLV < 35%), n = 14
Group 2 (40% > RLV > 35%), n = 20
Group 3 (RLV > 40%), n = 117

3
10
88

5
4
19

3
3
3

2
1
5

1
2
2

P value
0.000

RLV: Remnant liver volume.

liver grafts to meet the metabolic demands of recipients. However, right lobe
graft donors take more risks and have more complications than left graft donors. This has created considerable controversy with respect to donor safety.
At the present time, 26 donor deaths have been reported, and morbidity was
reported to be in the range of 20% to 30%.

ICU time in group 1 donors was significantly longer than
that in group 2 and 3 donors. No statistical differences
in ICU time between groups 2 and 3 were observed.
Postoperative indicators showed that when the remnant liver volume was greater than 35% of standard liver
volume, the volume of the remnant liver had no significant effect on the recovery of liver function or the ICU
time, however, when the remnant liver volume was less
than 35%, this led to a much slower recovery of liver
function.
In LDLT, there are three possible types of shortterm complications. One type of complication includes
bleeding, biliary leakage, embolization, liver failure,
metabolic abnormalities caused by cholinesterase, and
hypophosphatemia. The second are open surgery-related
complications and include intra-abdominal infections,
incisional hernias, adhesions, and intestinal obstruction.
There are also complications associated with anesthesia.
An international statistical analysis showed that the
incidence of complications in donors was 10%-30%,
while the case fatality rate was 0.1%-0.3%[4,25-27]. In this
study, 33% of the 151 complications occurred in 50 patients. According to the Clavien grading system, the patients in this study experienced 28 grade 1 complications,
9 grade 2 complications, 8 grade 3a complications, and
5 grade 3b complications. There were no serious grade
4 or grade complications and no donor deaths. R and C
correlation analysis showed that complication grades had
a significant relationship with remnant liver volume.
In summary, when the volume of a remnant liver was
less than 35% of the standard liver volume, the volume
of the remnant had a significant effect on the recovery of
liver function and ICU time. In addition, the occurrence
of complications was closely related to remnant liver volume. Recipients were only available if good results were
expected. Therefore, the interests of the donor should be
accounted for to minimize their risks during surgery.

Research frontiers

The literature has reported that donor complications are closely related to remnant liver volume (RLV). The authors retrospectively examined the RLV in right
graft donors and compared those donors with other different RLVs.

Innovations and breakthroughs

This has created considerable controversy with respect to RLV and donor safety. The aim of the present study was to assess the relationship between donor
recovery, complications and the volume of remnant liver.

Applications

The SPSS program (version 15.0, SPSS Inc., United States) was used for the
statistical analysis. After testing for normal distributions using Kurtosis and
Skewness tests, descriptive variables including pre-operative, intra-operative,
post-operative and prognostic parameters were calculated. Fisher’s exact test
was used to detect the differences among the groups for categorical variables,
including gender. Independent-sample t tests were used to detect differences
among the groups for continuous random variables including hemoglobin, alanine aminotransferase, aspartate aminotransferase, total bilirubin, volumetric
data, postoperative International Normalized ratio, intensive care unit time, hospital stay, and reasonable and customary. A correlation analysis using the chisquared test was conducted to determine the incidence of complications.

Peer review

This study is an analysis of 151 cases of adult right lobe living related donor to
determine the effect of volume of the remant liver on post operative complications. The conclusions reached was that volumes less than 35% of total liver
volumes were associated with increased complications and length of recovery.
This is a significant study adding further to the knowledge in this area of liver
transplanation.
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RESULTS: According to Gerd Q scoring criteria, 340
cases of Uygur and 286 cases of Han Chinese were
defined as GERD. GERD incidence in Uygur was significantly higher than in Han Chinese (35% vs 28%,
2
χ = 11.09, P < 0.005), Gerd Q score in Uygur was
higher than in Han Chinese (7.85 ± 3.1 vs 7.15 ± 2.9,
P < 0.005), and Gerd Q total score in Uygur male was
higher than in female (8.15 ± 2.8 vs 6.85 ± 2.5, P <
0.005). According to normalized methods, 304 (31%)
cases of Uygur were diagnosed with GERD, including
89 cases of EE, 185 cases of NERD and 30 cases of BE;
256 (25%) cases of Han Chinese were diagnosed with
GERD, including 90 cases of EE, 140 cases of NERD
and 26 cases of BE. GERD incidence in Uygur was sig2
nificantly higher than in Han Chinese (31% vs 25%, χ
= 9.34, P < 0.005) while the incidences were higher in
males of both groups than in females (26% vs 5% in
2
Uygur, χ = 35.95, P < 0.005, and 19.8% vs 5.2% in
2
Han, χ = 5.48, P < 0.025). GERD incidence in Uygur
male was higher than in Han Chinese male (26% vs
2
19.8%, χ = 16.51, P < 0.005), and incidence of NERD
2
in Uygur was higher than in Han Chinese (χ = 10.06,
P < 0.005). Occupation (r = 0.623), gender (r = 0.839),
smoking (r = 0.322), strong tea (r = 0.658), alcohol
drinking (r = 0.696), meat-based diet (mainly meat) (r
= 0.676) and body mass index (BMI) (r = 0.567) were
linearly correlated with GERD in Uygur (r = 0.833, P
= 0.000); while gender (r = 0.957), age (r = 0.016),
occupation (r = 0.482), strong tea (r = 1.124), alcohol
drinking (r = 0.558), meat diet (r = 0.591) and BMI

Abstract
AIM: To investigate the incidence of gastroesophageal
reflux disease (GERD) and its related risk factors in
Uygur and Han Chinese adult in Urumqi, China.
METHODS: A population-based cross-sectional survey
was undertaken in a total of 972 Uygur (684 male and
288 female) aged from 24 to 61 and 1023 Han Chinese
(752 male and 271 female) aged from 23 to 63 years.
All participants were recruited from the residents who
visited hospital for health examination from November
2011 to May 2012. Each participant signed an informed
consent and completed a GERD questionnaire (Gerd
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(r = 0.246) were linearly correlated with GERD in Han
Chinese (r = 0.786, P = 0.01). There was no significant difference between Gerd Q scoring and three normalized methods for the diagnosis of GERD.

and large-scale studies focusing on GERD in the Uygur
population alone have not been carried out. Based on the
above research background, we aimed to elucidate the
following: (1) Does lifestyle and dietary customs or dietary structure in Xinjiang inhabitants impact on GERD
occurrence; (2) differences in the incidence of GERD in
Uygur and Han Chinese; and (3) potential risk factors related to GERD, and provide guidance in clinical practice.

CONCLUSION: GERD is highly prevalent in adult in
Urumqi, especially in Uygur. Male, civil servant, smoking, strong tea, alcohol drinking, meat diet and BMI
are risk factors correlated to GERD.

MATERIALS AND METHODS

© 2012 Baishideng. All rights reserved.

Participants
This study was a population-based cross-sectional, randomized, single center, open-label trial. A total of 972
Uygur (684 males and 288 females) aged 24 to 61 years
and 1023 Han (752 males and 271 females) aged 23 to 63
years living in Urumqi were enrolled into this study. All
participants, who were residents of Xinjiang, China (college students, workers and civil servants) were recruited
from those who attended the First Affiliated Hospital
of Xinjiang Medical University for a health examination from November 2011 to May 2012. All participants
signed an informed consent before participating in this
research. Each subject completed a GERD questionnaire
(Gerd Q) scale and a lifestyle-food frequency questionnaire (FFQ).

Key words: Gastroesophageal reflux disease; Incidence; Uygur; Han; Risk factors; Urumqi
Peer reviewer: José Liberato Ferreira Caboclo, Professor, Rua
Antônio de Godoy, 4120 São José do Rio Preto, Brazil
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INTRODUCTION

Inclusion criteria
Participants whose Gerd Q score was ≥ 8 and who
met one of the following requirements were enrolled in
this study: (1) diagnosed with erosive esophagitis (EE)
or Barrett’s esophagus (BE) on upper gastrointestinal
endoscopy; (2) negative manifestations on endoscopy
(non-erosive reflux disease, NERD) with abnormal acid
reflux revealed by 24-h esophageal pH monitoring; and (3)
suffering from typical heartburn and regurgitation with a
positive proton pump inhibitor (PPI) test.

Gastroesophageal reflux disease (GERD) is a common
acid-related disease worldwide, and severely affects the
quality of life of patients. The incidence of GERD is
high in Western and developed countries, however, due
to changes in lifestyle and dietary habits the incidence of
GERD has increased in the Asian-Pacific region in recent years[1,2], particularly in China. This is due to the introduction of Western fast food into the Chinese dietary
structure which has had a significant influence since its
introduction ten years ago. The incidence of GERD in
China is rising year by year[3], and is showing a “low in
south and high in north” trend[4]. Xinjiang is located in
the Northwest region of China, and Uygur is the main
minority group in this autonomous region of China. An
important dietary custom in local residents is to prioritize meat (mainly beef and lamb), cooked wheaten food,
and alcohol drinking. In addition, strong tasting foods
are favored. Together with the development of social
and cultural diversity, there appears to have been culture blendings and interactions between Uygur and Han
Chinese as time goes by. In addition to these factors,
the particular geographic and climatic characteristics of
Xinjiang exert an influence on the lifestyle and dietary
customs of local inhabitants. Therefore, there are currently both similarities and differences between Uygur
and Han Chinese with regard to lifestyle and dietary
customs. Furthermore, genetics studies have revealed
that the Han Chinese gene contains Oriental Mongoloid
characteristics, while the Uygur gene contains both Caucasian and Oriental Mongoloid characteristics. To our
knowledge, there has been little research focusing on the
incidence of GERD with regard to minority groups[5],

WJG|www.wjgnet.com

Exclusion criteria
Any participant who met one of the following requirements was excluded from this study: (1) receiving a PPI
or H2 receptor blocker; (2) suffered from serious gastrointestinal diseases (esophageal stricture, peptic ulcer,
esophagus or stomach tumor) or a history of abdominal
surgery; (3) suffered from major organ insufficiency; and
(4) pregnant and lactating women.
Assessment of lifestyle and dietary customs
Alcohol consumption in individuals was estimated by
multiplying the mean weekly alcohol intake by the concentration of alcohol (12% alcohol for wine or 4%
alcohol for beer). Alcohol intake per week of ≥ 140 g
for males and ≥ 70 g for females was assessed as alcohol consumption. If a participant smoked more than 10
cigarettes per day then he/she was assessed as a smoker.
Tea consumption over the past month was determined
using a FFQ[6]. Nutritional intake was assessed using a
validated 110-item FFQ (the Block 98)[7]. Body mass index (BMI) ≥ 25 kg/m2 was defined as overweight.
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variate logistic regression (backward) analyses were used
for related factors analysis. Values of P < 0.05 (two-tailed)
were considered statistically significant. All calculations
were performed using SPSS version 20.0 software (IBM
SPSS Statistics 20).

Table 1 Gastroesophageal reflux disease questionnaire scale
Symptom

Symptoms in the past 7 d 0 d 1 d 2-3 d 4-7 d

Positive symptom Heart burn
Regurgitation
Negative symptom Upper abdominal pain
Nausea
Positive affect
Sleeping disorder
Extra medication

0
0
3
3
0
0

1
1
2
2
1
1

2
2
1
1
2
2

3
3
0
0
3
3

RESULTS
Baseline characteristics of the participants
There were no statistically significant differences between the Uygur and Han participants in terms of occupation, gender, age, smoking (long-term and excessive
smoking) and alcohol consumption (chronic overdrinking), however, there was a significant difference between
the two groups in terms of dietary customs (mainly meat
compared with mainly vegetarian) (Table 2).

Gerd Q and scoring
Total cumulative Gerd Q score was calculated by a gastroenterologist according to Gerd Q after questioning
each participant about his or her symptoms during the
previous 7 d. Subjects whose Gerd Q score was ≥ 8
were estimated to have pathological acid reflux[8] (Table 1).

GERD incidence in Uygur and Han participants
According to Gerd Q scoring criteria, a total score of
≥ 8 was regarded as the assessment point. GERD was
detected in 340 Uygur participants (incidence 35%) and
in 286 Han participants (incidence 28%). The incidence
of GERD in Uygur was significantly higher than that in
Han Chinese (χ 2 = 11.09, P < 0.005). The Gerd Q score
in Uygur (7.85 ± 3.1) was higher than that in Han (7.15
± 2.9) (P < 0.005), and the Gerd Q total score in Uygur
males (8.15 ± 2.8) was higher than that in females (6.85
± 2.5) (P < 0.005) (not listed in Table 2).
All participants who had been diagnosed with GE
RD using the Gerd Q scale underwent further endoscopy. Mucosal lesions were diagnosed as EE or BE,
respectively, according to pertinent criteria, while those
participants who did not have positive endoscopy findings underwent one of the following examinations: 24-h
esophageal pH monitoring or the PPI test, and if any
one of these two examinations was positive, the participant was diagnosed with NERD. According to the above
three normalized methods (upper gastrointestinal endoscopy, 24-h esophageal pH monitoring and the PPI test),
304 Uygur participants were diagnosed with GERD
(incidence 31%), including 89 cases of EE, 185 cases
of NERD and 30 cases of BE; 256 Han participants
were diagnosed with GERD (incidence 25%), including
90 cases of EE, 140 cases of NERD and 26 cases of
BE. The incidence of GERD in Uygur was significantly
higher than that in Han, and the incidence of GERD
in male Uygur and Han was higher than that in female
Uygur and Han, respectively (Table 3).
There was no significant difference between Gerd
Q scoring criteria and the three normalized methods regarding the diagnosis of GERD (Uygur: χ 2 = 1.48, P >
0.5; Han: χ 2 = 0.83, P > 0.5) (not listed in Table 3).

Assessment by upper gastrointestinal endoscopy
Subjects who were willing to undergo endoscopy were
instructed to stop all medications that affected alimentary motility and endocrine function, and then fasted for at
least 8 h. The presence or absence of reflux esophagitis,
endoscopically suspected esophageal metaplasia and hiatal hernia were determined by specialized endoscopists.
If EE was present, it was graded according to the Los
Angeles classification[9]. The diagnosis of BE was based
on endoscopy and pathology[10].
Ambulatory 24-h esophageal pH monitoring
Subject who were willing to undergo 24-h esophageal
pH monitoring were instructed to stop all medications
that affected alimentary motility and endocrine function for at least 2 wk. Ambulatory 24-h esophageal pH
monitoring was performed after fasting for at least 8 h.
Single-use pH electrodes were placed 5 cm above the
proximal margin of the lower esophageal sphincter. The
subjects were encouraged to eat regular meals, however,
the intake of food and drink with a pH below 4 was restricted. All subjects recorded their meal times (start and
end), body position (supine and upright), and any symptoms in a diary. The data were collected using a portable
data logger (Digitrapper Mark Ⅲ, Synetics Medical Co.,
Stockholm, Sweden) with a sampling rate of 4 s, and
were transferred to a computer for analysis. The variables assessed for gastroesophageal reflux in the distal
probe were the total percentage of time the pH was <
4, the percentage of time the pH was < 4 in the supine
and upright positions, the number of episodes where
the pH was < 4, the number of episodes the pH was
< 4 for ≥ 5 min, the duration of the longest episode
where the pH was < 4 and the DeMeester composite
score[11]. A DeMeester score ≥ 14.72 was considered
abnormal.

Differences in lifestyle and dietary customs between
Uygur and Han participants
We compared the GERD groups and normal groups,
and analyzed the relationship between the following factors and GERD using the U and χ 2 tests in order to illus-

Statistical analysis
All measured data were expressed as mean ± SD. The χ 2
test, U test and analysis of variance were used for comparisons between the groups, linear regression and multi-
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Table 2 Baseline characteristics of the participants
Ethnic
group

n

Occupation
(college students, workers/civil servants)

Gender
(male/female)

Age
(yr)

Smoking
(yes/no)

Alcohol drinking
(yes/no)

Diet custom
(mainly meat/mainly vegetable)

Uygur
Han
P value

972
1023

497/475
572/451
NS

684/288
752/271
NS

43 ± 8.5
44 ± 9.1
NS

643/329
728/295
NS

665/307
725/298
NS

952/20
297/726
0.000

NS: Not significant.

Table 3 Gastroesophageal reflux disease incidence in Uygur and Han
Ethnic group

GERD

GERD
EE

304 (31.3)a
256 (25)
9.34
< 0.005

Uygur
Han

χ

2

P value

NERD

BE

185a
140
10.06
< 0.005

89
90

χ

Gender
Male

P value

Female

254 (26)c,e
203 (19.8)c
16.51
< 0.005

30
26

2

50 (5)
53 (5.2)
0.31
NS

35.95
5.48

< 0.005
< 0.025

a

P < 0.05 vs Han; cP < 0.05 vs female; eP < 0.05 vs Han male. EE: Erosive esophagitis; BE: Barrett’s esophagus; NERD: Non-erosive reflux disease; NS: Not
significant.

Table 4 Risk factors related to gastroesophageal reflux disease in Uygur and Han Chinese by regression analysis
Uygur
Risk factor
Occupation
Gender
Smoking
Strong tea
Drinking
Mainly meat
BMI

Han Chinese

B

Std. E

Beta

t

P value

0.623
0.839
0.322
-0.658
-0.696
-0.676
0.567

0.169
0.271
0.123
0.140
0.145
0.168
0.029

0.115
0.136
0.064
-0.134
-0.138
-0.132
0.638

3.079
3.132
2.614
-4.797
-4.805
-4.011
19.653

0.005
0.002
0.009
0.000
0.000
0.000
0.000

Risk factor
Occupation
Gender
Smoking
Strong tea
Drinking
Mainly meat
BMI

B

Std. E

Beta

t

P value

0.957
-0.016
0.482
-1.124
-0.558
-0.591
0.246

0.218
0.005
0.088
0.142
0.112
0.165
0.034

0.208
-0.06
0.113
-0.233
-0.128
-0.092
0.265

4.393
-3.059
5.449
-7.935
-4.971
-3.579
7.183

0.000
0.002
0.000
0.000
0.000
0.000
0.000

BMI: Body mass index.

trate their potential impact on the occurrence of GERD
(Figure 1). We found that, occupation (civil servant) and
BMI were the collective factors related to GERD shared
by the two ethnic groups and both genders; in Uygur
participants with GERD, both males and females were
correlated with strong tea and alcohol drinking (Figure
1A and B); while for Han participants with GERD, both
males and females were correlated with strong tea, alcohol drinking and dietary custom (mainly meat) (Figure
1C and D).

(r = 0.839), smoking (r = 0.322), strong tea (r = 0.658),
alcohol drinking (r = 0.696), mainly meat (r = 0.676) and
BMI (r = 0.567). Accordingly, the regression equation
was: y (GERD) = -6.464 + 0.623 × occupation + 0.839
× gender + 0.322 × smoking - 0.658 × strong tea - 0.696
× drinking - 0.676 × mainly meat + 0.567 × BMI (r =
0.833, P = 0.000) (Figure 2A).
For Han Chinese, seven factors showed a significant
linear correlation with GERD: gender (r = 0.957), age (r
= 0.016), occupation (r = 0.482), strong tea (r = 1.124),
alcohol drinking (r = 0.558), mainly meat (r = 0.591) and
BMI (r = 0.246), particularly strong tea and BMI (Table
4). Accordingly, the regression equation was: y (GERD)
= -4.882 + 0.957 × gender - 0.016 × age + 0.482 × occupation - 1.124 × tea - 0.558 × drinking - 0.591 × meat
+ 0.246 × BMI (r = 0.793, P = 0.008) (Figure 2B).

Multivariate logistic regression analysis of risk factors
for GERD in Uygur and Han participants
We analyzed the correlation between GERD and these
factors further using a multivariate linear statistical
method. The relationships between the risk factors for
GERD in the two ethnic groups are listed below (Table
4 and Figure 2). Seven factors were found to correlate
with GERD in Uygur and Han Chinese, respectively.
After removing age as a risk factor, the backward
elimination method revealed that seven factors showed
a significant linear correlation with GERD in Uygur
participants (Table 4): occupation (r = 0.623), gender

WJG|www.wjgnet.com

DISCUSSION
GERD is a chronic disorder which has a significant impact on quality of life, and consumes a large number of
medical resources worldwide. The incidence of GERD
is higher than ever, particularly in Asian countries and
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A

Ratio
Ratio
Ratio
Ratio
Ratio

Uygur
female normal
Uygur
female GERD

c

c

of
of
of
of
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civil servant
smoking
strong tea
alcohol drinking
mainly meat

B

Comparison of BMI in Uygur

30

a,c
c

25
20
15

Uygur
male normal

10
5

Uygur
male GERD

a,c
0

a,c

0.5

1.0

1.5

a,c
2.0

2.5

0
3.0

C

c

4.0

Ratio
Ratio
Ratio
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Ratio

Han
female normal
Han
female GERD

3.5

c c

of
of
of
of
of
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smoking
strong tea
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Uygur
male GERD
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Uygur
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Comparison of BMI in Han

a,c
c

25
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Han
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5

Han
male GERD

a,c
0
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0.5

1.0
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2.0

a,c
2.5

3.0

a,c
3.5

0
4.0

4.5

Han
male GERD

Han
Han
Han
male normal female GERD female normal

Figure 1 Relationship between occupation (civil servant), smoking, strong tea, alcohol drinking as well as body mass index and gastroesophageal reflux
disease in Uygur and Han Chinese adults. A: For gastroesophageal reflux disease (GERD) males, civil servant ratio (OR = 1.49, 95% CI 1.44-1.54), strong tea ratio
(OR = 5.36, 95% CI 5.29-5.41), alcohol drinking ratio (OR = 2.33, 95% CI 2.13-2.53); B: Body mass index (BMI) value (26.5 ± 3.1 vs 22.7 ± 3.0 for GERD males vs
normal males, P < 0.005 and 26.5 ± 3.1 vs 23.8 ± 3.8 for GERD males vs GERD females, P < 0.01) were higher than those in normal males and in GERD females,
respectively; while for GERD females, civil servant ratio (OR = 2.77, 95% CI 2.56-2.98), alcohol drinking ratio (OR = 6.81, 95% CI 5.62-8) and BMI value (23.8 ± 3.8
vs 21.4 ± 2.9, P < 0.05) were higher than those in normal females; C: For GERD males, civil servant ratio (OR = 1.64, 95% CI 1.59-1.7), strong tea ratio (OR = 2.3,
95% CI 2.23-2.36), alcohol drinking ratio (OR = 3.3, 95% CI 3.19-3.41), mainly meat ratio (OR = 2.35, 95% CI 2.28-2.42); D: BMI value (25.8 ± 3.5 vs 22.3 ± 2.7 for
GERD males vs normal males, P < 0.005 and 25.8 ± 3.5 vs 23.8 ± 3.0 for GERD males vs GERD females, P < 0.01) were higher than those in normal males and in
GERD females, respectively; while for GERD females, civil servant ratio (OR = 2.05, 95% CI 1.86-2.24), alcohol drinking ratio (OR = 4.44, 95% CI 3.61-5.27), mainly
meat ratio (OR = 2.58, 95% CI 2.19-2.97) and BMI value (22.9 ± 3.8 vs 20.4 ± 2.9, P < 0.01) were higher than those in normal females. aP < 0.05 vs male of the
same ethnic group; cP < 0.05 vs female of the same ethnic group.
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Figure 2 The risk factors linearly correlated with gastroesophageal reflux disease in both Uygur (A) and Han Chinese (B).

China. Many publications on GERD have focused on
southern China, however, there are few reports which
have focused on northern China or minority groups.
Therefore, the purpose of our large-scale, populationbased investigation was to determine whether lifestyle
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and dietary customs of the local residents in Xinjiang
play a role in GERD, whether the incidence of GERD
is different between Uygur and Han Chinese, and which
risk factors can lead to GERD.
By applying normalized methods (upper gastroin-
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testinal endoscopy, 24-h esophageal pH monitoring and
the PPI test), a total of 304 Uygur (31%) and 256 Han
(25%) participants were classified as having GERD, 61%
had NERD, 29% had EE and 10% had BE in the Uygur
GERD group (254 male and 50 female), and in the Han
group (203 male and 53 female), 55% had NERD, 35%
had EE and 10% had BE. The incidence of GERD in
Uygur was significantly higher than that in Han Chinese
adults. The results of the present investigation also
showed that the incidence of GERD in both Uygur and
Han male adults was higher than that in Uygur and Han
female adults, respectively. In addition, the incidence
of NERD in Uygur was higher than that in Han. Using stratification analysis, we found that in Uygur with
GERD, civil servant ratio, strong tea ratio, alcohol drinking ratio and BMI value in males were higher than those
in normal males and females, respectively. The civil servant ratio, alcohol drinking ratio and BMI value in Uygur
females with GERD were higher than those in normal
females. In Han with GERD, the same results as those
described in Uygur were observed, however, the mainly
meat ratio in both males and females with GERD was
higher than that in normal males and females. Regression
analysis further revealed a correlation between seven factors and GERD in Uygur and Han participants, respectively. The above results indicated the presence of ethnic
and gender differences between Uygur and Han Chinese
with regard to GERD in China. The correlation between
occupation, alcohol drinking as well as BMI and GERD
was similar to previous studies[12-14]. A recent study found
that the incidence of GERD in Caucasians was higher
than that in other ethnic groups, which suggested that
Caucasian was a related factor[15]. Anthropology research
has demonstrated that the gene structure in Uygur subjects contains Caucasian and Mongolian bloodlines[16,17],
thus the gene fusion characteristics in Uygur may reasonably explain their different phenotype with regard to
GERD, which is not only different from but also similar
to that of Han Chinese. The mainly meat ratio in both
male and female Han participants with GERD was higher than that in normal males and females, respectively,
and may be an independent risk factor associated with
GERD. Although we cannot explain this result in Han
at present, further research is needed in order to determine whether this result is objective, and whether ethnic
groups or gene polymorphisms are related to GERD occurrence[18,19].
It has been shown that there are geographic and
population (gender, age, ethnic group) differences in
the incidence of GERD[20]. Related GERD etiological
factors include BMI, smoking, alcohol consumption,
esophageal hiatus, and inheritance. GERD may also
be associated with chronic cough, asthma, pharyngitis,
stomatitis and sleep disorder[12]. In the present study, the
incidence of GERD in Han was higher than that found
in several previous reports[3,4], and was possibly due to
environmental differences. To date, there have been
no published reports on GERD in Uygur, our findings
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showed that the incidence of GERD in Uygur (including
NERD) was significantly higher than that in Han. In addition, the incidence of GERD in Uygur was higher than
that in Israeli subjects, while the GERD ratio in females
was lower than those in Israeli and Japanese females[21,22].
However, our findings were in agreement with those
in previous studies carried out in Western populations,
which indicated a ethnic group difference [23], further
highlighting ethnic group and geographical differences.
The Gerd Q was designed by Jones et al[8] in 2007,
and was used to assess and diagnose GERD, and to
assess symptom changes and quality of life in GERD
patients. Several studies have demonstrated its effectiveness and reliability[24]. Receiver operating characteristic
curve analysis revealed that when taking a score of 8 as
the diagnostic threshold for GERD, the accuracy rating
was up to 70%, which was close to the diagnostic level
of a gastroenterologist. After comparing the diagnostic
rate for GERD, we found that there was no significant
difference between the normalized methods and the
Gerd Q scale, thus a Gerd Q score of ≥ 8 can be used
as a standard to diagnose GERD. Since more than 50%
of GERD patients have NERD, it is impracticable to
diagnose GERD routinely using endoscopy or 24-h
esophageal pH monitoring in China. Therefore, in the
case of a young or middle-aged patient intolerant of invasive examination who has typical reflux symptoms, but
no warning symptoms, a diagnostic method based on
symptoms may be desirable. We suggest that the Gerd
Q scale may be used as a primary clinical diagnostic approach[25,26].
The backward method of logistic regression analysis revealed that gender, occupation, strong tea, alcohol
drinking, mainly meat and BMI were the six common related risk factors in Uygur and Han adults with GERD;
for Uygur adults with GERD, smoking was a related risk
factor which was different from that in Han, and for
Han, age was a related risk factor which was different
from that in Uygur. Furthermore, all factors correlated
with GERD in a linear manner. Because the age of 75%
of the participants in this investigation ranged from 35
to 45 years, we did not analyze the relationship between
age stratification and GERD, however, the results revealed a gender difference (Table 4). Gender, smoking
and alcohol drinking have been demonstrated to be risk
factors for GERD[12]. Smoking was not shown to correlate with GERD in Han participants. The smoking ratio
which was lower in Han than in Uygur and racial difference were the main risk factors, in addition to occupation related to GERD in Han. This may have been due
to the nature of work, lifestyle, and less exercise in Han.
The above results confirmed the correlation between
these risk factors and GERD. We suggest that males
and civil servants are susceptible to GERD. A recent
study demonstrated that gender was a related factor for
GERD in Japan[27], and our results are consistent with
these findings.
Xinjiang is located in Northwest China, and is a multi-
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ethnic area, where the day is longer than the night, and
cold and dry conditions are the main climatic features
which are different from those inland, and dinner-tobed time is shorter than that inland. A recent report indicated that shorter dinner-to-bed time was significantly
associated with an increased OR for GERD[28]. Uygur is
the main minority group in Urumqi, and the ethnic culture, religion, lifestyle and dietary customs are different
from those in Han, as mainly meat (beef and lamb) and
dairy products are important dietary components. Han
Chinese who live in the same region have many similarities to Uygur subjects with the exception of differences
such as meat and milky tea (milky tea is a conventional
drink in Uygur). The dietary structure of residents in
Xinjiang is characterized by high caloric, high fat, spicy,
strong flavors, strong tea, smoking and alcohol drinking
which are more prevalent in males; in addition, changing
lifestyle, obesity prevalence, as well as changing population structure have increasingly led to transition of the
disease spectrum, which has become and is becoming
common and an important etiology of GERD in Uygur
and Han Chinese. Drinking strong tea is a common traditional custom in Uygur and Han subjects in Xinjiang,
Fu-Brick tea which the Uygur drink and the various teas
which the Han drink are fermentative green teas. Green
tea consumption has also been shown to be negatively
associated with the risk of chronic atrophic gastritis, as
green tea can suppress the proliferation of Helicobacter
pylori in the stomach and inhibit the progression of
chronic atrophic gastritis[29]. Therefore, green tea, especially strong green tea, can increase gastric acid secretion
leading to the development of GERD symptoms. Thus,
we consider green tea to be a significant risk factor for
GERD[10].
In conclusion, the present investigation and logistic
regression analysis with regard to GERD in a large population clearly demonstrated that GERD is highly prevalent in adults living in Urumqi. The incidence of GERD
in Uygur and Han adults, especially Uygur, was similar to
that in Western populations. There are ethnic group and
gender differences between Uygur and Han, and regional
differences between China’s Xinjiang residents and other
countries. Being male, smoking, alcohol drinking, strong
tea, mainly meat and BMI are the main risk factors for
GERD in Uygur, while being male, civil servant, alcohol
drinking, strong tea, mainly meat and BMI are the main
risk factors for GERD in Han. These factors have a significant impact on GERD symptoms and quality of life.
Our results also demonstrated that the Gerd Q can be
used to diagnose GERD and possibly allow the evaluation of clinical efficacy in GERD patients.
Based on the above results, it would be very advantageous to prevent the development of GERD and cure
it by optimizing lifestyle (such as controlling weight[30],
aerobic exercise, avoid overeating, appropriate sleep)[31],
modifying dietary structure (low caloric intake, low fat
intake, avoid strong and spicy foods, more vegetables,
high cellulose, less stimulating beverages, less smoking,
less alcohol drinking), and reducing foods and drugs
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that probably lead to a fall in lower esophageal sphincter
pressure. When suffering from GERD symptoms, one
should consult a doctor and undergo appropriate treatment under the guidance of the doctor.

COMMENTS
COMMENTS
Background

The incidence of gastroesophageal reflux disease (GERD) is high in Western
and developed countries, however, along with changing lifestyle and dietary
habits, the incidence of GERD has also increased in the Asian-Pacific region
in recent years, particularly in China, and the incidence in China is rising year
by year. Xinjiang is located in the northwest region of China, and Uygur is the
main minority group in this autonomous region. The gene for GERD in Uygur
is a fusion gene of Caucasian and Mongoloid characteristics. The dietary characteristics of local residents prioritizes meat (mainly beef and lamb), cooked
wheaten food, and alcohol drinking. In addition, strong food tastes are favored.
To date, there have been few studies on the incidence of GERD with regard to
minority groups, and based on this research background, authors designed and
performed this study.

Research frontiers

Studies show that there are geographical, and population (gender, age, ethnic
group) differences in the incidence of GERD, and etiological factors include
body mass index, smoking, alcohol consumption, esophageal hiatus hernia,
and inheritance. Authors analyzed the prevalence of GERD in Urumqi, and
compared the similarities and differences between Uygur and Han Chinese
adults, and then identified risk factors for GERD. This investigation is fundamental for similar studies in the future.

Innovations and breakthroughs

This is a large-scale, epidemiological and cross-sectional, novel investigation
focusing on gastroesophageal reflux disease in Uygur and Han subjects residing in Xinjiang, China. To date, there have only been a few reports on GERD in
minority groups, and to our knowledge large-scale studies focusing on GERD in
Uygur alone have not been carried out. SPSS analysis revealed the risk factors
related to GERD, and the results provide further insight into the lifestyle, dietary
customs and racial differences relating to GERD between Uygur and Han.

Applications

The particular lifestyle and dietary customs of Uygur prompted us to investigate
the similarities and differences between Uygur and Han Chinese living in Xinjiang, China. Their results will go a long way towards research into GERD characteristics in minority groups in China. Several studies have demonstrated that,
when taking a score of 8 (using GERD questionnaire, Gerd Q) as the diagnostic
threshold for GERD, the accuracy rating was up to 70% which was close to the
diagnostic level of a gastroenterologist. They suggest that Gerd Q may be used
as a primary clinical diagnostic approach and a standard for estimating GERD.

Peer review

GERD is a world-wide disease that affects the quality of life (reflux may depend
only on the sphincter defect and may be caused by bile reflux). GERD reached
a high level in Western countries (not only in the so-called developed). The
Western life style and diet habits, including fast-food, has been introduced in
China, more in the north than in south.
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RESULTS: During the follow-up period (median, 20.7
and 18.7 mo in TIPS and ET groups, respectively),
rebleeding from any source occurred in 11 patients in
the TIPS group as compared with 31 patients in the
ET group (Kaplan-Meier analysis and log-rank test, P
= 0.000). Rebleeding rates at any time point (6 wk, 1
year and 2 year) in the TIPS group were lower than in
the ET group (Bonferroni correction α’ = α/3). Eight
patients in the TIPS group and 16 in the ET group died
with the cumulative survival rates of 80.6% and 64.9%
2
(Kaplan-Meier analysis and log-rank test c = 4.864,
P = 0.02), respectively. There was no significant difference between the two groups with respect to 6-wk
survival rates (Bonferroni correction α’ = α/3). However, significant differences were observed between
the two groups in the 1-year survival rates (92% and
79%) and the 2-year survival rates (89% and 64.9%)
(Bonferroni correction α’ = α/3). No significant differences were observed between the two treatment
groups in the occurrence of hepatic encephalopathy
(12 patients in TIPS group and 5 in ET group, Kaplan2
Meier analysis and log-rank test, c = 3.103, P = 0.08).
The average total cost for the TIPS group was higher
than for ET group (Wilcxon-Mann Whitney test, 52 678
RMB vs 38 844 RMB, P < 0.05), but hospitalization frequency and hospital stay during follow-up period were
lower (Wilcxon-Mann Whitney test, 0.4 d vs 1.3 d, P =
0.01; 5 d vs 19 d, P < 0.05).

Abstract
AIM: To compare early use of transjugular intrahepatic
portosystemic shunt (TIPS) with endoscopic treatment
(ET) for the prophylaxis of recurrent variceal bleeding.
METHODS: In-patient data were collected from 190
patients between January 2007 and June 2010 who
suffured from variceal bleeding. Patients who were
older than 75 years; previously received surgical treatment or endoscopic therapy for variceal bleeding; and
complicated with hepatic encephalopathy or hepatic
cancer, were excluded from this research. Thirty-five
cases lost to follow-up were also excluded. Retrospective analysis was done in 126 eligible cases. Among
them, 64 patients received TIPS (TIPS group) while
62 patients received endoscopic therapy (ET group).
The relevant data were collected by patient review or
telephone calls. The occurrence of rebleeding, hepatic
encephalopathy or other complications, survival rate
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CONCLUSION: Early use of TIPS is more effective
than endoscopic treatment in preventing variceal rebleeding and improving survival rate, and does not
increase occurrence of hepatic encephalopathy.
© 2012 Baishideng. All rights reserved.

Key words: Transjugular intrahepatic portosystemic
shunt; Portal hypertension; Rebleeding; Endoscopic
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manifestations and diagnostic imaging examinations; (3)
liver function < 13 points according to Child score; (4)
endoscopy confirmed bleeding due to esophageal varices
before treatment; and (5) no endoscopic and interventional therapy or surgical treatment prior to admission.

variceal ligation; Cyanoacrylate
Peer reviewers: Dr. Bhupinder S Anand, Professor, Digestive

Diseases Section (111D), VA Medical Center, 2002 Holcombe
Blvd., Houston, TX 77030, United States; Vezali Elena, MD,
Department of Hepatology,“Hygeia” Diagnostic and Therpaeutic
Center of Athens, Eruthrou Staurou 4, 15123 Marousi, Greece

Exclusion criteria: (1) A history of hepatocellular carcinoma (HCC) or malignant tumors of other organs;
(2) severe organ dysfunction [heart failure, respiratory
failure, moderate to severe jaundice (serum bilirubin
> 3-5 mg/dL), hepatorenal syndrome or chronic renal
insufficiency]; (3) hepatic encephalopathy stage ≥ second stage; and (4) ectopic variceal bleeding. The general
information of the patients who were eligible for endoscopic therapy was obtained from the database at our
endoscopy room. At the same time, the information of
patients eligible for TIPS were obtained from the inpatient database.

Xue H, Zhang M, Pang JXQ, Yan F, Li YC, Lv LS, Yuan J,
Palikhe M, Li WZ, Wang ZL. Transjugular intrahepatic portosystemic shunt vs endoscopic therapy in preventing variceal
rebleeding. World J Gastroenterol 2012; 18(48): 7341-7347
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v18/i48/7341.htm DOI: http://dx.doi.org/10.3748/wjg.v18.
i48.7341

INTRODUCTION
Esophagogastric varices bleeding (EGVB) is prone to be
fatal, and often induces deterioration of liver function
and may lead to bacterial infection, hepatorenal syndrome, or other complications.
Currently, the first-line treatments in prevention of
variceal rebleeding include medication[1-3] and endoscopic
therapy (ET)[4-6]. Transjugular intrahepatic portosystemic
shunt (TIPS) is effective in preventing rebleeding, but
due to post-operative stent stenosis and a high incidence of hepatic encephalopathy[7-11], this procedure is
considered not superior to the conventional treatment
in survival rate. Consequently, TIPS has been used only
as a rescue approach after first-line treatment fails[12-14].
A large number of studies have shown that although
TIPS can effectively control acute bleeding, it has a high
mortality rate. Bare stents were used previously, but recently coated stents have been more commonly used, thus
the clinical efficacy of TIPS must be re-evalulated[15-19].
Hence, in this study, through out-patient and telephone
communication based follow-up, data of patients with
upper gastrointestinal bleeding due to varices over the
past three years who were managed in the Department
of Gastroenterology, First Affiliated Hospital of Xi’an
Jiaotong University, were collected. We compared TIPS
with endoscopic surgery in the prevention of gastrointestinal rebleeding, improvement of survival rates and
other aspects, in order to assess the feasibility, necessity
and long-term efficacy of early implementation of the
TIPS treatment.

Treatment
All patients chose their treatment plans after they were
informed of their conditions, and they were required to
sign an informed consent for the special treatment they
selected. Patients treated with TIPS (TIPS group) received
either elective or immediate (in case of acute bleeding
phase) interventional treatment. Patients with endoscopic
treatment (ET group) were administered with endoscopic
band ligation or tissue adhesive agent injection when their
acute bleeding was controlled by medication or combined
therapy with three-balloon catheters.
TIPS procedure: Catheters commonly used in TIPS included: RUPS-100, balloon dilatation catheter and guide
wire, and the metal stent. Stents used in the procedures
included bare metal stents (Luminexx, Codis or Zilver
stents) of 8 mm and 10 mm in diameter, and coated
stent (Fluency coated stent) with an average diameter
of 8 mm. The right internal jugular vein was punctured
under local anesthesia. Under X-ray monitoring, the
guide wire was manipulated to the hepatic vein. A puncture needle was used to establish a pathway to the portal
vein, which was then dilated with the balloon catheter.
The stent was then put in place to complete the portal
systemic shunting. Angiography was performed and if
esophageal varice was still present, Corbra 2 cathter was
delivered to the varicose vein. Ethanol or stainless steel
ring was used to embolize the vein. Postoperative strategies included prevention of hepatic encephalopathy and
infection, and heparin treatment for 1 wk, followed by
oral intake of aspirin for 1-3 mo after discharge.

MATERIALS AND METHODS
Patient data
Patients admitted to our hospital between January 2007
and June 2010 due to upper gastrointestinal bleeding
resulting from varices who received TIPS or ET for the
first time were included.

Endoscopic treatment: (1) Six-ligation devices (United
States Wilson-Cook Company, Model: MBL-6-F) were
used in endoscopic variceal ligation. Ligation started at
the dentate line near the cardia (varicose vein bulging
site) with a high density and a large number of ligating points. All varicose veins should be ligated. For
some varicose veins, 2-3 ligations were done at differ-

Inclusion criteria: (1) Age between 18 and 75 years;
(2) liver cirrhosis confirmed by medical history, clinical
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Statistical analysis
SPSS 13.0 software was used for statistical analysis. Continuous normally distributed variables were analyzed
using two independent samples t test. Continuous nonnormally distributed variables were analyzed using Wilcxon-Mann Whitney test. χ 2 test or Fisher exact test was
used for data measurement. Kaplan-Meier curve analysis
was used analyze the occurence of rebleeding, hepatic
encephalopathy as well as incidence of death. Log-rank
test was used to compare the two methods of treatment regarding the differences in prognosis and outcome.
Other prognostic variables, after being assigned by grading or quantification, were analyzed by Cox regression
to evaluate the impact of covariates on the prognosis. P
values were two-sided, and P < 0.05 was considered as
statistically significant.

Table 1 Comparison of early transjugular intrahepatic portosystemic shunt and endoscopic therapy between two groups
Characteristics

TIPS group
ET group P value
(64 patients) (62 patients)

Sex (n)
Male
42
Female
22
Age (yrs)
51 (± 13)
Cases of disease (n)
HBV
38
HCV
8
Alcohol
2
Other
16
Endoscopic manifestions (n)
Varices classification
Severe
62
Moderate
2
Complicated with peptic unlcer
4
Complicated with gastric dieor23
ders due to portal hypertension
Child classification (n)
A
23
B
30
C
11
Child score
7.0 (± 2.0 )
Preoperative manifestations (n)
Complicated with hepatic
1
encephalopathy
Complicated with ascites
39
Compression using
2
Sengstaken-Blakemore tube
Pre-operative laboratory
parameters
Bilirubin (μmol/L)
24.03 (± 12.71)
Albumin (g/L)
32.25 (± 5.03)
PT (s)
15.80 (± 3.80)
Creatinine (μmol/L)
72.80 (± 14.8)

0.80
42
20
54 (± 12 )

0.96
0.16

27
10
7
18
1.00
61
1
3
28

1.00
0.29

RESULTS

0.40
17
29
16
8.0 (± 2.0 )

0.99

5

0.20

38
2

0.97
1.00

27.94 (± 13.75)
30.85 (± 5.31)
16.30 (± 4.20)
81.50 (± 31.00)

0.19
0.65
0.40
0.21

Comparable study sample
There was no significant difference in gender, age, cause
of disease, clinical manifestations, liver function, endoscopic examination and laboratory indicators between
the two groups, thus making the sample statistically
comparable (Table 1).
Technique comparison
In the TIPS group, 15 patients used 10-mm internal
diameter stents, and the rest used 8 mm. Twenty-four
patients used the Fluency coated stents, and the rest
with bare stents. Thirty-three patients also underwent
interventional embolization of esophageal varices during
TIPS procedure. In the ET group, 44 patients were subjected to simple routine endoscopic variceal ligation, 13
were treated with endoscopic tissue adhesive injection,
and the rest 5 patients were treated with the combined
therapy. Ligations were made about 1-3 times per person
(on average, 1.2 times per person); and one tissue adhesive injection was used on average.

HBV: Hepatitis B virus; HCV: Hepatitis C virus; PT: Prothrombin time; TIPS:
Transjugular intrahepatic portosystemic shunt; ET: Endoscopic therapy.

ent locations with bands. The procedure was repeated
every two weeks until the varices disappeared or almost
disappeared; (2) Endoscopic tissue adhesive injection
was administered with the endoscopic sclerosis needle
(Germany Ahmed Walker Medical Products Service Co.,
Ltd; Model: INJ1-A1-10.220), tissue adhesive [α-butyl
cyanoacrylate ester; Kang Pat medical glue (embolic)],
using sandwich technique.
Postoperative follow-up. All the patients were followed up by the outpatient department through telephone calls. Patients in the TIPS group were scheduled
for check-ups at the outpatient department with portal
vein Doppler ultrasound at 1 wk, 1 mo and 3 mo, and
then every 6-12 mo after the surgery. Patients in the
ET group received gastroscopy one mo after treatment,
and then once every 3 mo until the 4th one was done.
Follow-up continued for 3 years until February 2011.
The goal of the follow-up was to check for rebleeding,
and check for death, hepatic encephalopathy, and treatment-related complications. Data of repeated treatment,
causes and frequency of re-hospitalization, and hospital
costs were also evaluated at follow-up .
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Rebleeding
The average follow-up was 20.7 ± 1.3 mo for the TIPS
group, and 18.7 ± 1.3 mo for the ET group. Eleven cases in the TIPS group and 31 cases in ET group had gastrointestinal rebleeding. Kaplan-Meier analysis showed
that there were significant differences in the overall
rebleeding rates between the two groups (P = 0.000)
(Figure 1A). Bonferroni correction showed that at week 6,
month 12 and month 24 after operation, the occurrence
of rebleeding was significantly lower in TIPS group
than in ET group. Cox multivariate regression analysis
showed that among the covariates (grouping variables,
combined portal hypertensive gastropathy, gastroesophageal varice 2/isolated gastric varice 1, liver function
with B/C grade, prothrombin time > 16 s and cirrhosis
due to viral hepatitis), only grouping variable with TIPS
therapy was a factor affecting the rate of rebleeding [TIPS
treatment: B = -1.41; Exp (B) = 0.24, 95% confidence

7343

December 28, 2012|Volume 18|Issue 48|

Xue H et al . TIPS vs ET in preventing variceal rebleeding

A

B

98.4%

1.0

85.2%

81.5%

85.5%

0.8

0.8

P = 0.000

0.6
57.0%

0.4

0.0

P = 0.02

79.0%

12
24
Follow-up t /mo

0.0

95.1%

91.8%

91.8%

0.8

82.8%

82.8%

81.2%

P = 0.08

0.4
TIPS
ET

0.2

36

1.0

0.6

64.9%

0.4
TIPS
ET

0

89.0%

0.6

45.8%

0.2

C

92.1%

1.0

0

12
24
Follow-up t /mo

36

TIPS
ET

0.2
0.0

0

12
24
Follow-up t /mo

36

Figure 1 Kaplan-Meier analysis. A: The non-occurrence of rebleeding in the two groups; B: Survival rate; C: The non-occurrence of hepatic encephalopathy. TIPS:
Transjugular intrahepatic portosystemic shunt; ET: Endoscopic therapy.

that after adjusting these risk factors, TIPS therapy was
more beneficial for improving survival [B = -0.89; Exp
(B) = 0.41, 95%CI (0.16, 1.00); P = 0.04]. Comparison
in the cause of death between the two groups is shown
in Table 2.

Table 2 Comparison of cause of death and post-operative
severe complications between two groups

Cause of death
Gastrointestinal bleeding
Liver failure
Hepatic encephalopathy
Infection
Post-operative severe complications
Fever
Spontaneous peritonitis
Hepatorenal syndrome
Acute peritonitis

TIPS group

ET group

3
4
0
1

9
6
1
0

2
0
0
0

2
2
1
1

Hepatic encephalopathy and other complications
Twelve of the postoperative TIPS patients had newly
onset of hepatic encephalopathy (Child A grade 4, Child
B grade 8), and 5 in ET (Child A grade 2, Child B grade 3).
Kaplan-Meier curve analysis showed that there was no
statistically significant difference between the two groups
in the non-occurrence of hepatic encephalopathy (TIPS
group 81.2% vs ET group 91.8%, P = 0.08) (Figure 1C).
Individual time point comparison showed that the nonoccurrence of hepatic encephalopathy 6 wk after operation in the ET group was higher than in the TIPS group,
the difference being statistically significant (TIPS group
82.8% vs ET group 95.1%), and after 12 mo and 24 mo,
the difference was no longer statistically significant (TIPS
group 82.8% vs ET group 91.8%, TIPS group 81.2% vs
ET group 91.8%). Cox regression analysis showed that all
selected covariates (age > 53 years, ascites, cirrhosis due
to hepatitis, liver function grade with Tbil > 34 μmol/L,
CRE > 77 μmol/L) had no significant effect on the occurrence of hepatic encephalopathy [grouping variable
for TIPS treatment: B = 0.94; Exp (B) = 2.56, 95%CI
(0.86, 7.62); P = 0.09]. Other complications are shown in
Table 2.

TIPS: Transjugular intrahepatic portosystemic shunt; ET: Endoscopic therapy.

interval (CI) (0.12, 0.50); P = 0.001]. Of the 31 patients
in ET group, 8 rebleeding patients received rescue TIPS
treatment. Of those 8 patients, one patient, who used
a bare stent, had rebleeding 10 mo later. Examination
showed stent stenosis, and the patient received conservative treatment. One patient had massive gastrointestinal
bleeding, resulting in death 14 mo after operation. No
rebleeding occurred in the remaining 6 patients.
Postoperative survival
There were 8 deaths in TIPS group and 16 deaths in
ET group. Kaplan-Meier survival analysis showed that
the cumulative survival rate was significantly higher in
the TIPS group than in the ET group (80.6% vs 64.9%,
Kaplan-Meier analysis and log-rank test χ 2 = 4.864, P
= 0.02) (Figure 1B). Individual time point comparison
showed that there was no significant difference 6 wk
after operation between the two groups in survival rate;
after 12 mo and 24 mo, the survival rate was significantly
higher in the TIPS group than in the ET group (92%
vs 79%; 89% vs 64.9%). Cox regression curves showed
that the covariates [age > 53 years, with ascites, cirrhosis
due to hepatitis, liver function with total bilirubin > 34
μmol/L, creatinine (CRE) > 77 μmol/L] age > 53 years,
viral hepatitis (hepatitis B virus and hepatitis C virus)
resulting in cirrhosis, as well as CRE > 77 μmol/L were
predictable factors affecting survival. Wald test revealed
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Hospitalization costs
Hospitalization cost was compared between the two groups
(Table 3). The cumulative total cost of hospitalization
was 52 678 RMB/person in TIPS group and 38 844
RMB/person in ET group; the cost in the TIPS group
was significantly higher than in the ET group (P < 0.05).
In the follow-up period, the average hospitalization frequency for the TIPS group was 0.4 times/person and
1.3 times/person for the ET group; ET group had a
significantly higher frequency of hospitalization than the
TIPS group (P = 0.01). The average length of hospital
stay during the follow-up for TIPS group was 5 d/person and 19 d/person for ET group; the ET group had
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current bleeding occurred in the TIPS group as opposed
to 14 cases in the other groups (3.1% vs 45.2%, P = 0.001).
In this study, 17.2% of patients in the TIPS group had
recurrent bleeding. Cases of rebleeding caused by stenosis of the stent were mostly seen in patients with
bare stents. In the ET group, 50% of the patients had
recurrent bleeding. This further confirmed that TIPS is
superior to endoscopic therapy in prevention of recurrent bleeding and coated stents can further reduce the
incidence of recurrent bleeding by lowering the rate of
stent stenosis.
It has been shown that TIPS can effectively reduce
refractory ascites (RA). It can also lower the incidences
of hepatorenal syndrome (HRS), hepatic hydrothorax and other portal hypertension syndromes that are
closely related to refractory ascites[24]. In this study, serious
postoperative complications associated with portal hypertension, such as RA, HRS and spontaneous bacterial
peritonitis, mainly occurred in the ET group, possibly
due to increased portal pressure acting as a common
mechanism resulting in the above syndromes, whereas
TIPS can effectively reduce portal pressure[25].
A large number of clinical studies [13,14] and metaanalyses[15,25,26] indicate that TIPS procedure is not superior
to endoscopic therapy with respect to improvement of
survival time. This is the main reason why TIPS is used
as a rescue option after the failure of the traditional
therapeutic method. However, although rescue TIPS
procedure can effectlively control acute bleeding, the
postoperative one-year survival rate is only 27%-55%[27].
Most of the previous studies on TIPS procedure were
based on the use of bare stents, and most patients chose
TIPS 2-3 years after traditional treatment, thus making
TIPS appear to be not superior to ET in survival rates.
In the study by García-Pagán et al[24], the patients in
the TIPS group received TIPS with coated stent at the
first incidence of bleeding during the early stages. Results showed that early and middle stage survival rates
were much higher in TIPS group than in drug combined
endoscopic group (post-operative 6 wk rate for TIPS
group was 97% and combined therapy group 67%; postoperative 1 year rate for TIPS group was 86% and combined therapy group 61%), and the middle to long-term
efficacy was similar to this study. As for the combined
endoscopic group, of the 7 patients who received rescue
TIPS due to recurrent bleeding, 4 died within 36 d. Another five patients died due to recurrent bleeding that led
to liver failure and incapability to undergo remedy TIPS.
Therefore, early implementation of TIPS after the first
bleeding may raise the long-term survival rate better than
endoscopic therapy. To use TIPS only after the failure of
the traditional method may cause the patient to lose the
opportunity for the TIPS procedure, thus delaying the
illness and lowering survival rate.
Previous studies indicate that the incidence rate of hepatic encephalopathy, 1 year after TIPS was 30%-55%[8,9].
Most cases occur in the early post-operative stage, and are
transient in nature. As the brain adapts and adjusts to the

Table 3 Comparison of length of hospital stay and expenses
between two groups
Initial TIPS Rescue TIPS Rest of ET
(64 cases)
(8 cases) (54 cases)
Average total expense (RMB)
Average length of hospital stay
during follow-up (d)
Average number of hospitalization during follow-up

52 678
5
0.4

63 003
20
2.1

35 298
18
1.2

TIPS: Transjugular intrahepatic portosystemic shunt; ET: Endoscopic therapy.

significantly longer hospital stay than the TIPS group
(P < 0.05). The patients in the ET group who received
TIPS treatment after the failure of endoscopic treatment
were included into rescue TIPS group, and comparative
results are shown in Table 3.

DISCUSSION
Currently, the endoscopic variceal treatment remains a
predominant method for prevention and treatment of
recurrent gastrointestinal bleeding[19]. However, endoscopic therapy cannot fundamentally solve the problem
of portal hypertension, and patients often cannot tolerate repeated therapies, therefore leading to a high rate
of rebleeding. The TIPS procedure, through reducing
portal pressure, serves to prevent and control esophageal and gastric variceal bleeding, and alleviate ascites
as well. Therefore, with respect to preventing recurrent
gastroesophageal bleeding, TIPS is better than endoscopic
therapy.
For the TIPS procedure, stenosis of the stent is an
important cause of postoperative recurrent bleeding. Previous studies have shown that the rate of stent stenosis
is about 30%-70%[20] with the use of bare stent in TIPS
whereas the postoperative patency rate is up to 100% with
the use of coated stents and Viatorr stent grafts[21-23], and
compared with bare stents, they did not increase the incidence of hepatic encephalopathy. This study showed that
in the TIPS group, five cases had postoperative stenosis.
Of the five cases, only one used the coated stent, and this
patient did not follow doctor’s orders to take aspirin for
anticoagulation after being discharged from hospital.
This further confirms that the use of coated stent can
significantly lower the incidence of postoperative stent
stenosis, and anticoagulation therapy can further reduce
postoperative stent stenosis.
It has been confirmed that with respect to prevention of recurrent bleeding, TIPS is better than medication therapy[13] and endoscopic therapy[14]. The postoperative rebleeding rate was 12%-22% in TIPS, and it is
even lower with the use of coated stent. For endoscopic
therapy, however, the rebleeding rate is much higher
(20%-43%)[15]. Recently, a study by García-Pagán et al[24],
comparing the use of Viatorr stent graft TIPS with
drug combined endoscopic variceal ligation treatment,
showed that in the 16 mo follow-up, only one case of re-
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use of TIPS with an e-PFTE-covered stent as first-line therapy rather than as
rescue treatment if rebleeding occurs in high-risk patients with Child-Pugh B or
C disease.

increase in ammonia toxins brought by the redistribution
of intestinal blood flow, the symptoms disappear[8]. The
incidence rate of persistent hepatic encephalopathy that
respond poorly to medication was low, 3%-7%[10] for bare
stent and 8%[9] for coated stent. García-Pagán et al[24] showed
that early TIPS treatment did not increase the incidence rate
of hepatic encephalopathy (TIPS 28% and combined endoscopic therapy 40%, P = 0.13). This study demonstrated
similar findings. Although in the early post-operative stage,
more cases of hepatic encephalopathy occurred in TIPS
group than in the ET group, these were mostly transient,
and can quickly be controlled through timely administration
of anti-hepatic encephalopathy medication.
In this study, although in the early stage, the average
overall time spent in the TIPS group is longer than in
the ET group, it significantly reduced re-hospitalization
and the length of hospital stay. It also decreased incidences of RA, HRS and other portal hypertension related complications. In the ET group in this study, patients
who underwent EBL had an average of 1.2 ligations per
person. If following the regular course of treatment,
the average total cost in the ET group may not be lower
than that in the TIPS group. Also, after the failure of
the endoscopic therapy, rescue TIPS increases the total
cost. This does not comply with the principles of health
economics and may cause the patient to lose the opportunity for the TIPS procedure, thus delaying their treatment of illness and lowering the survival rate.

Terminology

TIPS is a technique in which a stent is placed between the portal vein and
hepatic vein in the liver to provide a portasystemic shunt to reduce portal hypertension. The procedure is carried out under radiological control through the
internal jugular vein. Successful shunt placement will stop/prevent bleeding.
Endoscopic variceal ligation is a technique with less trauma and fewer side
effects, in which varices were sucked into an endoscope allowing them to be
occluded with a tight rubber band.

Peer review

The main drawbacks of the present study are that it is a retrospective analysis,
and the study groups were not randomized. However, this study provides another
evidence that early TIPS is associated with significant advantages over endoscopic therapy in terms of rebleeding rates, survival and length of hospital stay.
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BRIEF ARTICLE

c-Jun N-terminal kinase is required for thermotherapyinduced apoptosis in human gastric cancer cells
Feng Xiao, Bin Liu, Qing-Xian Zhu
and was 32.7%, 30.6%, 43.8% and 52.9% at 0.5, 1, 2
and 3 h post-thermotherapy, respectively. Flow cytometry analysis revealed an increased population of SGC790l cells in G0/G1 phase, but a reduced population in S
phase following thermotherapy for 1 or 2 h, compared
to untreated cells (P < 0.05). The increased number
of SGC-790l cells in G0/G1 phase was consistent with
induced apoptosis (flow cytometry) following thermotherapy for 0.5, 1, 2 or 3 h, compared to the untreated
group (46.5% ± 0.23%, 39.9% ± 0.53%, 56.6% ±
0.35% and 50.4% ± 0.29% vs 7.3% ± 0.10%, P < 0.01),
respectively. This was supported by the TUNEL assay
(48.2% ± 0.4%, 40.1% ± 0.2%, 61.2% ± 0.29% and
52.0% ± 0.42% vs 12.2% ± 0.22%, P < 0.01) respectively. More importantly, the expression of p-JNK protein
and JNK mRNA levels were significantly higher at 0.5 h
than at 0 h post-treatment (P < 0.01), and peaked at 2
h. A similar pattern was detected for Bax and caspase-3
proteins. Bcl-2 increased at 0.5 h, peaked at 1 h, and
then decreased. Furthermore, the JNK specific inhibitor,
SP600125, suppressed p-JNK, Bax and caspase-3 at the
protein level in SGC790l cells following thermotherapy,
compared to mock-inhibitor treatment, which was in line
with the decreased rate of apoptosis. The expression of
Bcl-2 was consistent with thermotherapy alone.
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Abstract
AIM: To investigate the role of c-Jun N-terminal kinase
(JNK) in thermotherapy-induced apoptosis in human
gastric cancer SGC-7901 cells.
METHODS: Human gastric cancer SGC-7901 cells were
cultured in vitro . Following thermotherapy at 43 ℃ for 0,
0.5, 1, 2 or 3 h, the cells were cultured for a further 24
h with or without the JNK specific inhibitor, SP600125
for 2 h. Apoptosis was evaluated by immunohistochemistry [terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL)] and flow cytometry (Annexin vs
propidium iodide). Cell proliferation was determined
by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide. The production of p-JNK, Bcl-2, Bax and caspase-3 proteins was evaluated by Western blotting. The
expression of JNK at mRNA level was determined by
reverse transcription polymerase chain reaction.

CONCLUSION: Thermotherapy induced apoptosis in
gastric cancer cells by promoting p-JNK at the mRNA
and protein levels, and up-regulated the expression of
Bax and caspase-3 proteins. Bcl-2 may play a protective role during thermotherapy. Activation of JNK via the
Bax-caspase-3 pathway may be important in thermotherapy-induced apoptosis in gastric cancer cells.
© 2012 Baishideng. All rights reserved.

Key words: Thermotherapy; Gastric cancer; Apoptosis;
c-Jun N-terminal kinase; Apoptosis-related protein

RESULTS: The proliferation of gastric carcinoma SGC-7901
cells was significantly inhibited following thermotherapy,
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yltetrazolium bromide (MTT) were obtained from Sigma
(St. Louis, MO, United States). Mouse monoclonal antibodies against human p-SAPK/JNK (Thr183/Tyr185),
Caspase-3, Bcl-2, Bax and the JNK-specific inhibitor,
SP600125, were also purchased from Sigma (St. Louis,
MO, United States). The M-MLV reverse transcription
polymerase chain reaction (RT-PCR) kit was purchased
from Promega (Beijing, China). Taq DNA polymerase
was purchased from Takara (Dalian, China). Fetal bovine serum was purchased from Sijichun Bioengineering
Materials, Inc. (Hangzhou, Zhejiang, China). Dulbecco's
Modified Eagle Media (DMEM) culture media and
0.25% trypsin were purchased from Invitrogen-GIBCO
(Carlsbad, CA, United States). dNTP and TRIzol were
purchased from Invitrogen (Invitrogen, United States).
Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) staining kits was purchased from
KGI (Nanjing, China). The gastric cancer cell line,
SGC-7901[18], was obtained from the Jiangxi Province Digestive Institute (Jiangxi, Nanchang, China).

Xiao F, Liu B, Zhu QX. c-Jun N-terminal kinase is required
for thermotherapy-induced apoptosis in human gastric cancer
cells. World J Gastroenterol 2012; 18(48): 7348-7356 Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/
i48/7348.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i48.7348

INTRODUCTION
Gastric cancer is the second leading cause of cancer death
worldwide and may remain one of the leading causes of
all deaths in the near future[1-3]. At present, the majority
(about 80%) of patients diagnosed with gastric cancer are
in an advanced stage with limited surgical options[4]. Chemotherapy is an alternative treatment for advanced gastric
cancer, however, patient outcome following chemotherapy
is still very poor, with a median overall survival time of
less than 1 year[5]. Chemotherapy with cytotoxic drugs
usually leads to severe toxicity which lowers the quality of
life of patients. Thermotherapy is a new cancer treatment
which is used following surgical, radiotherapy, chemotherapy and biological treatments. Thermotherapy induces
malignant cell apoptosis and has a synergistic effect with
chemotherapy resulting in improved outcomes and reduced side effects of chemotherapy, particularly in the
later stages of malignancy or in tumors resistant to other
treatments[6,7]. A few studies have reported that induction
of cellular apoptosis is important in thermotherapy, but
the underlying mechanism remains to be explored.
c-Jun N-terminal kinase (JNK) is a member of the
mitogen-activated protein kinase family. Activation of
JNK by phosphorylation has been implicated in a variety
of processes, including embryonic development, cellular
transformation and initiation of apoptosis following various stresses[8-11]. It has been reported that overexpression of JNK may cause cellular apoptosis in transfected
cells[12-14]. However, the function of JNK is complicated
during cell stress, because JNK also has anti-apoptotic
action[15]. Thus, it is believed that JNK has either anti- or
pro-apoptotic activity depending on cell type, apoptotic
stimuli and other signalling pathways[16]. JNK can be
activated by thermotherapy, and ultimately leads to cellular apoptosis[17]. It is unclear whether JNK involves or
regulates apoptosis of gastric cancer cells in response to
thermotherapy. In the current study, the human gastric
cancer cell line, SGC-7901, was chosen as a model for
thermotherapy-induced apoptosis in vitro. The role of
JNK was determined to further investigate the underlying mechanism of thermotherapy-induced apoptosis in
human gastric cancer. This may provide useful information for both clinical therapy and basic scientific research
in gastric cancer.

Gastric cancer cell thermotherapy and JNK blockage
Gastric cancer SGC-7901 cells were cultured in DMEM
media (high glucose) supplemented with 10% fetal bovine serum, 100 U/mL penicillin, and 100 μg/mL streptomycin. The cells were maintained at 37 ℃ and 5% CO2
in an incubator, and the culture medium was changed every 2-3 d. After thermotherapy (43 ℃) treatment for 0, 0.5,
1, 2 or 3 h, SGC-7901 cells were cultured for a further
24 h. In addition, the JNK-specific inhibitor, SP600125,
was added to SGC-7901 cells 2 h before thermotherapy
treatment to determine whether the JNK pathway was
involved in thermotherapy-induced apoptosis.
Proliferation of SGC-7901 cells determined by MTT
assay
The cells (2 × 105 cell/mL) were seeded onto 96-well
plates with 200 μL in six wells for each thermotherapy
treatment for 0, 0.5, 1, 2 and 3 h. Twenty μL of MTT
solution (5 mg/mL) was added to each well and incubated at 37 ℃ for 4 h, and the reaction was terminated
with a detergent solution to lyse the cells and solubilize
the colored formazan crystals. The supernatant was
centrifuged at 3000 g for 10 min to obtain a formazan
pellet. The supernatant was removed, and the pellet was
dissolved completely with 150 μL dimethyl sulfoxide and
observed at a wavelength of 570 nm using an enzymelinked immunosorbent assay plate reader.
The relative inhibition rate was calculated as a percentage, as follows: (1-Aexperiment/Acontrol) × 100%. Three
independent experiments were performed.
Cell cycle analysis and apoptosis assays
The effect of thermotherapy on the cell cycle and apoptosis in SGC-7901 cells was analyzed by flow cytometry.
Cells floating in medium combined with the adherent
layer were collected by trypsinization and fixation with 2
mL citrate buffer for 1 h. For detection of the cell cycle,

MATERIALS AND METHODS
Reagents and equipment
Annexin V-fluoresceine isothiocyanate (V-FITC), propidium iodine (PI), 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphen-
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Table 1 Primers for reverse transcription polymerase chain
reaction
Size (bp)

Annealing
temperature

β -actin F: TCAGGTCATCACTATCGGCAAT

432

57 ℃

R: AAAGAAAGGGTGTAAAAGGCA
F: CACAGTCCTAAAACGATACC
R: CCACACAGCATTTGATAGAG

354

57 ℃

Gene

JNK

Primer sequence

Table 2 Cell cycle of SGC-7901 cells following thermotherapy for various time periods (%)
Group
0h
1h
2h

SGC-7901 cells
G0-G1
27.22
71.15a
70.89a

S
62.47
22.52a
17.11a

G2-M
10.31
6.33
12

a

P < 0.05 vs without thermotherapy treatment.

JNK: c-Jun N-terminal kinase; F: Forward primer; R: Reverse primer.

light. Gene expression was normalized to glyceraldehyde3-phosphate dehydrogenase and shown as the ratio of
absorbance values. The primer sequences and annealing
temperature are listed in Table 1.

the cells were stained with propidium iodide (1500 μL)
after RNase A (1500 μL) treatment. The labeled cells
were immediately analyzed by flow cytometry to evaluate the cell cycle and apoptosis. TUNEL assay, in which
the residue of digoxigenin-labeled dUTP was catalytically
incorporated into the DNA by terminal deoxynucleotidyl
transferase Ⅱ, was performed according to the manufacturer’s instructions. The positive particles of diaminobenzidine staining were viewed under an optical microscope.
The number of apoptotic cells was counted under a microscope (400×) and expressed as the apoptotic index (the
number of apoptotic bodies/1000 cells).

Statistical analysis
Statistical analysis was performed using statistical software
(SPSS version 13.0). Data are expressed as the mean ±
SD. The means of 2 groups were compared using the t
test. The means of more than 2 groups were compared
using one-way analysis of variance, and P < 0.05 was regarded as statistically significant.

RESULTS

Western blotting
Protein concentrations from isolated SGC-7901 cells were
determined. The proteins were separated using sodium
dodecyl sulfate polyacrylamide gel electrophoresis gels
(polyacrylamide concentration 100 g/L) and electrophoretically transferred to polyvinylidene difluoride (PVDF)
membranes. The PVDF membranes were blocked with
5% skimmed milk at 37 ℃ for 1 h and probed with the
primary antibody: mouse anti-human JNK (1:2000), caspase-3, Bcl-2, Bax (1:1000), or β-actin (1:1000) monoclonal antibody overnight at 4 ℃. The labeled antibody
was visualized by horseradish peroxidase-conjugated
goat anti-mouse immunoglobulin G (1:5000) and enhanced chemiluminescence. The blots were washed with
1 × Tris-buffered saline and Tween buffer for 10 min,
3 times between each step. The density of the targeted
bands was quantified using the Quantity One 4.6.2 Imaging Analysis System.

Inhibitory effect of thermotherapy on gastric cancer
cells
To evaluate the effects of thermotherapy on cell viability, cultured gastric cancer SGC-7901 cells underwent
thermotherapy for different time periods. Viability inhibitory rates of gastric carcinoma SGC-7901 cells were
about 30%, 30%, 43% and 53% after 0.5, 1, 2 and 3 h
of thermotherapy, respectively. These data suggest that
proliferation of gastric carcinoma SGC-7901 cells was
significantly inhibited in a time-dependent manner.
Effect of thermotherapy on cell cycle distribution in
gastric cancer cells
The effects of thermotherapy on the cell cycle of SGC790l cells were determined using flow cytometry. Our results showed that thermotherapy increased the number of
SGC-790l cells in G0/G1 phase, but reduced the number
in S phase (P < 0.05) at 1 h and 2 h, compared with that
at 0 h. These results suggest that thermotherapy arrested
gastric cancer cells in G0/G1 phase, inhibiting mitosis,
and subsequent proliferation (Figure 1 and Table 2).

RT-PCR analysis
Total RNA was extracted from the SGC-7901 cells with
TRIzol following the manufacturer’s instructions. cDNA
was synthesized from 2 μg total RNA using the M-MLV
RT-PCR kit in a 20 μL volume, according to the manufacturer’s instructions. Two μL of cDNA, 2 μL each
primer (50 pmol/L), 1 μL dNTP mix (10 mmol/L) and 1
μL Taq DNA polymerase were used for the PCR analysis.
The PCR amplification cycles consisted of denaturation
at 94 ℃ for 5 min, 35 cycles of denaturation at 94 ℃ for
60 s, annealing for 60 s, extension at 72 ℃ for 60 s, and
final elongation at 72 ℃ for 10 min. The PCR products
were separated on a 1.5% agarose gel, stained with 0.5
mg/mL ethidium bromide, and visualized by ultraviolet

WJG|www.wjgnet.com

Induction of apoptosis by thermotherapy in gastric
cancer cells
As arrest of cell cycle progression in tumor cells is usually
associated with concomitant activation of cell apoptosis
pathways, we investigated the effect of thermotherapy on
induction of apoptosis in SGC-7901 cells by flow cytometry and TUNEL assay. Flow cytometry showed that the
proportion of apoptotic cells was significantly increased
after thermotherapy for 0.5, 1, 2 and 3 h, compared to
untreated SGC-7901 cells, which was further confirmed
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Figure 1 Cell cycle change in SGC-7901 cells following thermotherapy for various time periods. A-C: Cell cycle distribution in SGC-7901 cells following thermotherapy for 0 h, 1 h, 2 h respectively. Thermotherapy increased the number of SGC-790l cells in G0/G1 phase, but reduced the number in S phase (P < 0.05) at 1 h
and 2 h, compared with that at 0 h.
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Figure 2 Apoptotic rate of SGC7901 cells with or without SP600125 treatment following thermotherapy for various time periods. A1, B1, C1, D1, E1: Apoptotic rate of SGC-7901 cells without SP600125 treatment, significantly increased after thermotherapy for 0.5, 1, 2 and 3 h, compared to that at 0 h (P < 0.01); A2, B2,
C2, D2, E2: Apoptotic rate of SGC-7901 cells with SP600125 treatment, significantly inhibited cellular apoptosis induced by thermotherapy at 0.5, 1, 2 and 3 h (P < 0.01),
compared to that at the same time points in the control groups. PI: Propidium iodine; FITC: Fluoresceine isothiocyanate.

by TUNEL assay (Table 3). To further address the role of
JNK in thermotherapy-induced apoptosis, pretreatment
of cells with the JNK-specific inhibitor, SP600125, significantly inhibited cellular apoptosis induced by thermo-
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therapy at 0.5, 1, 2 and 3 h (P < 0.01), compared to that
at the same time points in the control groups. The apoptotic rates at 0 h (P > 0.05) in the experimental group and
the control group were similar (Figures 2 and 3, Table 3).
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Figure 3 Apoptosis of SGC-7901 cells with or without SP600125 treatment following thermotherapy for various time periods (×400). Apoptotic cells showing
yellow fluorescence. A1, B1, C1, D1, E1: Apoptosis of SGC-7901 cells without SP600125 treatment, significantly increased after thermotherapy for 0.5, 1, 2 and 3 h,
compared to that at 0 h (P < 0.01); A2, B2, C2, D2, E2: Apoptosis with SP600125 treatment, significantly inhibited cellular apoptosis induced by thermotherapy at 0.5, 1,
2 and 3 h (P < 0.01), compared to that at the same time points in the control groups.

These results suggested that the JNK-specific inhibitor,
SP600125, significantly inhibited thermotherapy-induced
apoptosis in gastric cancer cells.

Table 3 Apoptotic rate of SGC-7901 cells with or without
SP600125 treatment following thermotherapy for various
time periods as determined by flow cytometry and terminal
deoxynucleotidyl transferase dUTP nick end labeling assay

Stimulation of p-JNK protein expression by
thermotherapy
To determine whether thermotherapy activates p-JNK
expression in gastric cancer cells, the expression level of
p-JNK protein was determined in SGC-7901 cells following thermotherapy for 0.5, 1, 2 and 3 h using Western blotting analysis. The protein production of p-JNK
was significantly higher at 0.5 h than that at 0 h posttreatment (Figure 4) (P < 0.01), peaked at 2 h, and then
decreased. Interestingly, p-JNK protein was slightly lower
at 1 h than that at 0.5 h post-treatment. Thus, these results clearly indicate that JNK in gastric cancer cells was
activated by thermotherapy.

Apoptotic rate(%)
Group (h)
Flow cytometry
0
0.5
1
2
3
TUNEL assay
0
0.5
1
2
3

SP600125 group

7.3 ± 0.10
46.5 ± 0.23b
39.9 ± 0.53b
56.6 ± 0.35b
50.4 ± 0.29b

3.2 ± 0.08
21.8 ± 0.15b,d
17.9 ± 0.26b,d
22.4 ± 0.36b,d
24.5 ± 0.72b,d

12.2 ± 0.22
48.2 ± 0.40b
40.1 ± 0.20b
61.2 ± 0.29b
52.0 ± 0.42b

11.3 ± 0.13
25.8 ± 0.19a,d
19.2 ± 0.09a,d
26.3 ± 0.23a,d
23.4 ± 0.36a,d

a

P < 0.05, bP < 0.01 vs without thermotherapy; dP < 0.01 vs without SP600125
treatment. TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end
labeling.

Effect of thermotherapy on JNK mRNA expression
Since activation of JNK is known to induce JNK mRNA
expression in several cell systems, we examined whether
the expression of JNK mRNA was also induced by thermotherapy in gastric cancer cells. The expression of JNK
mRNA in SGC-7901 cells was determined by RT-PCR
analysis, which showed that the induction patterns of the
expression of p-JNK protein and JNK mRNA were very
similar in thermotherapy-induced apoptosis. Namely, the

WJG|www.wjgnet.com

Control group

expression of JNK mRNA was significantly higher at 0.5
h than that at 0 h post-treatment (P < 0.01), reached a
maximum at 2 h, followed by a decrease, and was slightly
lower at 1 h than at 0.5 h post-treatment. Taken together,
the datas in Figure 5 demonstrate that JNK plays a role in
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Figure 4 Expression of p-c-Jun N-terminal kinase, Bax, caspase-3 and Bcl-2 proteins in SGC-7901 cells with or without SP600125 treatment following thermotherapy for various time periods. A1, B2, C1, D1: Expression of p-JNK, Bax, caspase-3 and Bcl-2 proteins in SGC-7901 cells without SP600125 treatment; A2,
B2, C2, D2: Expression of p-JNK, Bax, caspase-3 and Bcl-2 proteins in SGC-7901 cells with SP600125 treatment; A3, B3, C3, D3: Comparison of p-JNK, Bax, caspase-3 and Bcl-2 proteins in SGC-7901 cells with or without SP600125 treatment; Expression of p-JNK, Bax, caspase-3 proteins in SGC-7901 cells with SP600125
treatment was significantly inhibited compared with that in SGC-7901 cells without SP600125 treatment (bP < 0.01); Bcl-2 protein did not show an obvious change in
SGC-7901 cells with or without SP600125 treatment (P > 0.05). JNK: c-Jun N-terminal kinase.

the effect of thermotherapy on gastric cancer cells.

caspase-3 proteins in SGC-7901 cells treated with thermotherapy at various time points using Western blot
analysis. As shown in Figure 4, the expression of Bax and
caspase-3 proteins was significantly higher at 0.5 h than
at 0 h post-treatment (P < 0.01), reached a maximum at
2 h, followed by a decrease, and was slightly lower at 1 h
than at 0.5 h post-treatment. Bcl-2 was increased at 0.5 h,
peaked at 1 h, and decreased thereafter.
To further understand how the activation of JNK regulates the expression of Bax, Bcl-2 and Caspase-3 proteins
in thermotherapy-induced apoptosis in SGC-7901 cells we

Effect of JNK on Bax, Bcl-2 and caspase-3 proteins
expression in thermotherapy-induced apoptosis
Apoptosis-related proteins, such as Bax, Bcl-2 and caspase-3 are known to cause cell apoptosis. Thus, the activation of JNK may affect the expression of Bax, Bcl-2 and
caspase-3 proteins in thermotherapy-induced apoptosis.
To determine whether the expression of Bax, Bcl-2 and
caspase-3 proteins was regulated by activation of JNK
protein, we measured the expression of Bax, Bcl-2 and
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Figure 5 Expression of c-Jun N-terminal kinase at the mRNA level in SGC-7901 cells with or without SP600125 treatment following thermotherapy for various
time periods. A: Expression of c-Jun N-terminal kinase (JNK) at the mRNA level in SGC-7901 cells without SP600125 treatment; B: Expression of JNK at the mRNA level
in SGC-7901 cells with SP600125 treatment; C: Comparison of JNK at the mRNA level in SGC-7901 cells with or without SP600125 treatment; Expression of JNK at the
mRNA level in SGC-7901 cells with SP600125 treatment was significantly inhibited compared with that in SGC7-901 cells without SP600125 treatment (bP < 0.01).

used the JNK-specific inhibitor, SP600125, which exhibits
significant selectivity for JNKs leading to inhibition of
phosphorylation of both c-Jun and JNKs[19]. Therefore,
we treated SGC-7901 cells with thermotherapy in the absence or presence of SP600125 and analyzed the expression of p-JNK, Bax, Bcl-2 and caspase-3 proteins (Figure
4). We found that the presence of SP600125 significantly
reduced the p-JNK level at various time points (P < 0.01),
while the p-JNK level did not change markedly at 0 h (P
> 0.05), compared to cells in the absence of SP600125.
Concurrently, the expression of Bax and caspase-3 protein
was also inhibited in the presence of SP600125, as well as
that of p-JNK. However, there was no significant difference in the expression of Bcl-2 in SGC-7901 cells at any
of the time points (P > 0.05) between the SP600125 treatment and mock treatment (Figure 4). These results collectively indicate that thermotherapy induced-apoptosis may
be mediated by activation of JNK and the up-regulated
expression of Bax and caspase-3 proteins, causing cellular
apoptosis in gastric carcinoma cells. Bcl-2 protein did not
seem to be involved and played a protective role in this
process. These datas suggest that JNK plays an important
role in thermotherapy-induced apoptosis in gastric carcinoma cells.

tion of p-JNK was significantly higher at 0.5 h than that
at 0 h post-treatment (P < 0.01), peaked at 2 h, and then
decreased. The reason for this decline may be that some
SGC-7901 cells were killed directly, not by induced apoptosis at 3 h, and a few SGC-7901 cells restarted proliferation after a long period of thermotherapy. It is interesting
that p-JNK protein was slightly lower at 1 h than that
at 0.5 h post-treatment, this indicates that SGC-7901
cells may have the ability to respond to thermotherapy.
Similarly, the RT-PCR data showed that the induction
patterns of the expression of p-JNK protein and JNK
mRNA level were very similar in thermotherapy-induced
apoptosis (Figures 4 and 5). Namely, the expression of
JNK mRNA was significantly higher at 0.5 h than that
at 0 h post-treatment (P < 0.01), reached a maximum
at 2 h, followed by a decrease, and was slightly lower at
1 h than at 0.5 h post-treatment. Taken together, these
results demonstrate that JNK plays a role in the effects
of thermotherapy in gastric cancer cells. However, the
mechanism of JNK activation in thermotherapy-induced
apoptosis is still largely unknown in gastric cancer cells.
JNK is thought to induce mitochondria-dependent
apoptosis mainly through direct or indirect activation of
Bax and down-regulation of Bcl-2[23-27], a pro-apoptotic
Bcl-2 family member, which plays an essential role in
inducing apoptosis[28]. It is well known that most cell
apoptosisinducing factors eventually cause cell apoptosis
through the caspase-mediated signal transduction pathway[29,30], and caspase3 is a main effector in cell apoptosis. Therefore, to investigate the roles of Bax, Bcl-2 and
caspase3 proteins during thermotherapy-induced apoptosis
in human gastric cancer cells, we determined the expression of Bax, Bcl-2 and caspase3 proteins in thermotherapy-stimulated SGC-7901 cells. The data showed that
thermotherapy increased the expression of Bax protein
at different time points, which peaked at 2 h, and then
decreased. These findings were similar to those obtained
for the expression of p-JNK and caspase-3 proteins after
thermotherapy in SGC-7901 cells. Bcl-2 was increased at
0.5 h and peaked at 1 h. These results suggest that thermotherapy-induced apoptosis was associated with activation

DISCUSSION
Thermotherapy is a new cancer therapy which has re
emerged in the last 20 years, and plays an important role
in comprehensive tumor treatment. Combined thermoand chemo-therapy (green therapy) has become one
of the important auxiliary therapies, as it improves the
efficacy of cancer treatment [20,21]. Heatinduced cell apoptosis was reported in the 1990s.  More recently, JNK was
activated in apoptotic U937 cells by radiotherapy[22], and
similar results were obtained using thermotherapy in human colon cancer[16]. Thus, the expression of phosphoJNK at the protein level and JNK at the mRNA level
were determined in SGC-7901 cells treated with thermotherapy. Thermotherapy increased the expression of
p-JNK at different time points, and the protein produc-

WJG|www.wjgnet.com

7354

December 28, 2012|Volume 18|Issue 48|

Xiao F et al . c-Jun N-terminal kinase for thermotherapy-induced apoptosis

Peer review

of JNK and increased expression of Bax and caspase-3
proteins. The JNK-specific inhibitor, SP600125, substantially inhibited thermotherapy-induced activation of
JNK expression and the expression of Bax and caspase-3
proteins. No significant change in the expression of Bcl-2
was observed. Apoptosis was significantly decreased compared to that in thermotherapy-treated cells alone at different time points (Figure 4). These findings proved that
thermotherapy-induced apoptosis is associated with JNK
activation through up-regulation of the expression of
Bax and caspase-3 proteins. These results suggest that the
JNK cascade is required for apoptosis induction following
thermotherapy in human gastric cancer SGC-7901 cells,
which will be investigated in the future.
In summary, our study demonstrates that thermotherapy promoted phospho-JNK production, induced cell
apoptosis and inhibited SGC-7901 cell viability. JNK was
phosphorylated and activated, and the expression of Bax
and caspase-3 was upregulated which subsequently caused
cellular apoptosis in gastric cancer cells during thermotherapy. Bcl-2 protein, an anti-apoptotic protein, was
not involved and played a protective role in this process.
Therefore, JNK plays a critical role in thermotherapyinduced apoptosis in human gastric cancer.

The paper describes the effects of thermotherapy on apoptosis and cell cycle
progression in human gastric cancer. Further, the role of JNK was determined
to investigate the underlying mechanism of thermotherapy-induced apoptosis in
human gastric cancer. It would be interesting to have some pieces of information in the field of gastric cancer therapy.
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Serum pepsinogen Ⅱ is a better diagnostic marker in gastric
cancer
Xue-Yuan Cao, Zhi-Fang Jia, Mei-Shan Jin, Dong-Hui Cao, Fei Kong, Jian Suo, Jing Jiang
RESULTS: Rates of H. pylori infection remained high in
Northeastern China. Rates of H. pylori IgG positivity were
greater in the gastric cancer and gastric atrophy groups
compared to the control group (69.1% and 75.7% vs
49.7%, P < 0.001). Higher levels of PG Ⅱ (15.9 µg/L
and 13.9 µg/L vs 11.5 µg/L, P < 0.001) and lower PGⅠ/
PG Ⅱ ratio (5.4 and 4.6 vs 8.4, P < 0.001) were found in
patients with gastric cancer or gastric atrophy compared
to healthy controls, whereas no correlation was found
between the plasma PGⅠconcentration and risk of gastric cancer (P = 0.537). In addition, multivariate logistic
analysis indicated that H. pylori infection and atrophic
gastritis were independent risk factors for gastric cancer. Lower plasma PGⅠ/PG Ⅱ ratio was associated with
higher risks of atrophy and gastric cancer. Furthermore,
plasma PG Ⅱ level significantly correlated with H. pylori infected gastric cancer.
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CONCLUSION: Serum PG Ⅱ concentration and PG
Ⅰ/PG Ⅱ ratio are potential biomarkers for H. pylori infected gastric disease. PG Ⅱ is independently associated with risk of gastric cancer.
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AIM: To investigate screening makers for gastric cancer, we assessed the association between gastric cancer and serum pepsinogens (PGs).

Peer reviewers: Takaaki Arigami, MD, PhD, Department of

Surgical Oncology and Digestive Surgery, Field of Oncology,
Kagoshima University Graduate School of Medical and Dental
Sciences, 8-35-1 Sakuragaoka, Kagoshima 891-0175, Japan;
Guanglin Cui, MD, PhD, Laboratory of Gastroenterology,
Institute of Clinical Medicine, University of Tromso, N-9037
Tromso, Norway

METHODS: The subjects comprised 450 patients with
gastric cancer, 111 individuals with gastric atrophy, and
961 healthy controls. Serum anti-Helicobacter pylori (H.
pylori ) immunoglobulin G (IgG), PGⅠand PG Ⅱ were
detected by enzyme-linked immunosorbent assay.
Gastric atrophy and gastric cancer were diagnosed by
endoscopy and histopathological examinations. Odds
ratios and 95%CIs were calculated using multivariate
logistic regression.
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was collected and stored at -80 ℃. In the gastric cancer
group, the samples were collected before surgery. Serum
PGⅠand PG Ⅱ levels were measured by enzyme-linked
immunosorbent assay (ELISA) (Biohit ELISA kit, Biohit, Helsinki, Finland). Serum IgG antibodies to H. pylori
were detected by ELISA using an H. pylori-IgG ELISA
kit (Biohit). The antibody titers were defined by optical
density values according to the manufacturer’s protocol
and titers higher than the cutoff value of 30 EIU were
considered as positive for H. pylori infection. The quality
control sample showed a coefficient of variation (CV)
of 6.4%. For the pooled plasma samples the CV was
4.5%. According to the Chinese guidelines for diagnosis,
patients are considered to have atrophic gastritis if PG
[10]
Ⅰis ≤ 82.3 µg/L and PGⅠ/PG Ⅱ ratio is ≤ 6.05 .
The quality control samples showed CVs of 4.5%, 4.3%
and 4.7% for H. pylori, PGⅠand PG Ⅱ, respectively. All
suspected cases with gastric atrophy by serum screening
were re-determined by endoscopic biopsy and histological examinations.

INTRODUCTION
Gastric cancer remains the third leading cause of cancer
death in China[1]. Helicobacter pylori (H. pylori) and gastric
atrophy have both been identified as etiological factors
for gastric cancer. However, screening and eradication
of H. pylori in the general population is not advised
because the cost of programs outweighs the modest effect on reduced incidences of gastric cancer. Therefore,
identification of patients with the early stage gastric
cancer could improve treatment and survival. Gastric atrophy, the precancerous lesion of gastric cancer, can be
diagnosed by histological examination, and measurement
of serum concentration of pepsinogens (PGs). Levels
of two biochemically and immunologically distinct types,
PGⅠand PG Ⅱ, indicate different status of gastric mucosa. Serum PG level screening can be carried out at low
cost in countries with high and moderate incidences of
gastric cancer, such as Japan and China[2].
Most studies have demonstrated that low concentrations of PGⅠand low PGⅠ/PG Ⅱ ratios in the serum
or plasma are indicators of atrophic gastritis, which are
linked with elevated gastric cancer risk[3-5]. However, few
studies have assessed correlations between PG Ⅱ and
gastric cancer risk[6,7]. It is well known that H. pylori infection leads to development of both atrophic gastritis and
gastric cancer. Detection of serum anti-H. pylori immunoglobulin G (IgG) antibodies and screening for gastric
atrophy and gastric cancer at an early stage are important
for clinical assessments and interventions[8,9]. Absence
of data on H. pylori infection and serum PG levels are
available in large epidemiological surveys. To identify
relationships between gastric mucosal lesions and serum
PG levels, we carried out an assessment of PGⅠand PG
Ⅱ levels, PGⅠ/PG Ⅱ ratio and risk of gastric cancer in
a cross-sectional study.

Statistical analysis
The data did not fit a normal distribution, therefore, we
used the Wilcoxon rank sum test to compare medians
(quartiles) between the two groups. The χ 2 test was used
to compare multiple sample rates. Non-conditional logistic regression analysis was used to calculate the odds
ratio of risk-related factors for gastric cancer and its
95%CI. Two tailed P values < 0.05 were considered as
statistically significant. All statistical analysis were carried
out by SPSS version 18 software.

RESULTS
There were 450 patients with gastric cancer (324 male and
126 female, aged 35-80 years). Sixty-four cases were categorized as tumor-node-metastasis stageⅠ(14.2%), 182 as
stage Ⅱ (40.4%), 145 as stage Ⅲ (32.2%), and 59 as stage
Ⅳ (13.1%). Among the 1109 participants, 148 individuals
were screened for gastric atrophy using serum PG examination and 111 patients were confirmed with gastric atrophy by biopsy and histopathological examinations. Seventeen subjects were diagnosed with pseudopositive gastric
atrophy and excluded from the study; 20 participants who
rejected endoscopic examinations were also excluded.
The remaining 961 individuals were included in the control group. The mean age was older in the gastric cancer
group than in the gastric atrophy and control groups. The
subject characteristics are summarized in Table 1.

MATERIALS AND METHODS
Study participants
Four hundred and fifty patients with gastric cancer were
selected from the Department of Gastric and Colorectal Surgery, and Department of Gastroenterology, First
Hospital of Jilin University, from 2008 to 2010. All
gastric cancer patients underwent tumor resection with
histologically confirmed diagnosis of gastric adenocarcinoma. From 2009 to 2010, gastric atrophy cases and
healthy controls were recruited from the check-up center
of the same hospital. The subjects were of Han descent
from the Changchun region. A total 1109 subjects (644
male and 465 female, aged 35-80 years) participated in
the study. Gastric atrophy was diagnosed by endoscopy
and histopathological examinations. Written informed
consent was obtained from all subjects and the study
protocol was approved by the Ethics Committee of the
First Hospital, Jilin University.

H. pylori infection
H. pylori-positive rates in the gastric cancer and gastric
atrophy groups were significantly higher compared to
those in the control group (69.1% and 75.7% vs 49.7%, P
< 0.001). The H. pylori infection rates were higher in the
45-65 years group compared to those aged < 45 years
or > 65 years. Among the 450 gastric cancer patients, H.
pylori infection rate was higher in those with stageⅠand

Sampling and determination of serum
Fasting blood was taken for all participants and serum
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by those cells and also by pyloric glands and Brunner’s
glands[11]. Atrophic gastritis, characterized by loss of the
specialized cells and glands in the stomach, is considered
as a gastric cancer precursor lesion[12]. Serum PG levels,
pepsin precursors, reflect the functional and morphological status of the gastric mucosa. It is widely accepted in
gastric H. pylori infection that the fundic gland mucosa
and PGⅠlevels gradually decrease, whereas PG Ⅱ levels
remain constant[13,14]. Consequently, a stepwise reduction
of the PGⅠ/PG Ⅱ ratio is closely linked to progression
of atrophic gastritis. However, PG Ⅱ is considered to be
a subordinate marker in clinical diagnosis. In fact, PG Ⅱ,
a mature marker of gastric epithelia, reflects the physiological or pathophysiological functions of the gastric
system[15,16].
Gastritis is more prevalent and severe in Japan, with
more corpus predominant atrophy and intestinal metaplasia[17-19]. PGⅠ≤ 70 ng/mL and PGⅠ/PG Ⅱ ratio ≤
3.0 have been used for the diagnosis of extensive atrophic gastritis with sensitivity of 80% and specificity of
70%[20]. In contrast, our study showed a low incidence
of gastric mucosal atrophy in the Chinese population.
Inconsistency between studies may be due to different
ethnic groups with different genetic backgrounds, different ELISA kits, and different cutoff values used for
assessment of gastric mucosal atrophy[21]. We used PG
Ⅰ≤ 82.3 μg/L and PGⅠ/PG Ⅱ ratio ≤ 6.05 according to the study for diagnosis of atrophic gastritis in
the Chinese population[10]. For reference, the cut-off
points of PGⅠand PGⅠ/PG Ⅱ ratio were calculated
using receiver operator characteristic (ROC) curves. For
patients with atrophic gastritis, the area under the ROC
for PGⅠwas 0.878 (95%CI: 0.837-0.919) and the best
cutoff value was 82.30 μg/L (sensitivity 85.9%, specificity 75.1%). The area under the ROC for PGⅠ/PG Ⅱ
ratio was 0.819 (95%CI: 0.767-0.871) and the best cutoff
value was 6.05 (sensitivity 78.3%, specificity 71.6%)[10].
The limitation of our study was that it could not determine the area under the curve via numerical integration
of ROC curves, because we did not administer a further
validity study. In our study, we found that serum PGⅠ
levels were significantly decreased in the gastric atrophy
group, but no difference was found between the gastric
cancer and control groups. Thus, it is considered that
serum PGⅠlevels represent gastric atrophy but not gastric cancer. The reason was that the prevalence of gastric
atrophy was relatively low in our gastric cancer group
compared with that in Japan. In Japan, the incidence of
gastritis was higher than in other countries, and it was
characterized by heavy predominant atrophy and intestinal metaplasia in the corpus of the stomach. Compared
to the findings in Japan, our study showed a lower incidence of gastric mucosal atrophy. This may be due to
differences in the research populations and their genetic
backgrounds, even though the same H. pylori infection
can lead to differences in severity of gastric atrophy[22-24].
Other factors such as the use of proton pump inhibitors (PPIs) may also influence the incidence of gastric
atrophy. However, a history of using PPIs and lifestyle

Table 1 Comparison of Helicobacter pylori infection between
gastric cancer and control groups
Gastric cancer Gastric atrophy Control
P value
group (%)
group (%)
group (%)
No.
H. pylori infection
Negative
Positive
Sex
Male
Female
Age
< 45 yr
45-65 yr
> 65 yr

450

111

961

139 (30.9)
311 (69.1)

27 (24.3)
84 (75.7)

483 (50.3)
478 (49.7)

324 (72.0)
126 (28.0)

66 (59.5)
45 (40.5)

564 (58.7)
397 (41.3)

< 0.001

38 (8.4)
240 (53.3)
172 (38.2)

20 (18.0)
81 (73.0)
10 (9.0)

285 (29.7)
607 (63.2)
69 (7.2)

< 0.001

< 0.001

H. pylori: Helicobacter pylori.

stage Ⅱ disease, compared to those with stage Ⅲ and Ⅳ
disease (73.6% vs 63.7%, P = 0.02). There were no correlations found between H. pylori infection and pathological type, tumor site, and differentiation of tumors (welldifferentiated 50%, mild differentiation 69.8%, and poor
differentiation 72.9%, P = 0.47).
PG levels
The median (interquartile range; IQR) PGⅠand PG
Ⅱ levels, and the ratio of PGⅠ/PG Ⅱ in the controls
were 92.6 µg/L (75.0-116.1), 11.5 µg/L (7.1-18.4), and
8.4 µg/L (6.1-11.1), respectively. PG Ⅱ level in the gastric cancer group was significantly higher than that in the
control group (P < 0.001), whereas the PGⅠ/PG Ⅱ
ratio showed a marked decline (P < 0.001) (Table 2).
However, no statistically significant difference was found
in PGⅠlevel between the two groups (P = 0.532). In
the control group, a higher PGⅠlevel was detected in
patients with H. pylori infection compared to H. pylorinegative patients (median: 99 vs 78.9 µg/L, P < 0.001).
Median (IQR) levels of PGⅠand PG Ⅱ, and PGⅠ
/PG Ⅱ ratio were 94.4 µg/L (38.9-148.8), 13.3 µg/L
(7.7-22.5) and 6.2 (3.5-10.0) µ g/L for 139 H. pylorinegative gastric cancer patients, respectively. Median
(IQR) levels of PGⅠand PG Ⅱ, and PGⅠ/PG Ⅱ ratio
were 92.2 µg/L (53.0-145.3), 18.4 µg/L (10.4-30.0) and
5.1 µg/L (3.5-7.2), respectively, for 311 H. pylori-positive
gastric cancer patients. The difference in PG Ⅱ level and
PGⅠ/PG Ⅱ ratio was significant (P = 0.01) between
H. pylori (-) and H. pylori (+) subjects. However, no significant difference in PGⅠconcentrations was found
between H. pylori (-)and H. pylori (+) cases in the gastric
cancer group (92.2 µg/L vs 94.4 µg/L, P = 0.96) (Table 3).
In addition, serum PGⅠconcentration was significantly
lower in patients with stage Ⅲ and Ⅳ tumors compared
to stageⅠand Ⅱ (Table 4).

DISCUSSION
Serum PGⅠis produced by chief cells and mucous neck
cells of gastric fundic glands, while PG Ⅱ is produced

WJG|www.wjgnet.com

7359

December 28, 2012|Volume 18|Issue 48|

Cao XY et al . Serum pepsinogen Ⅱ and gastric cancer
Table 2 Comparison of pepsinogen levels between gastric cancer, gastric atrophy and control groups
Gastric cancer group
PGⅠ(μg/L)
PG Ⅱ (μg/L)
PGⅠ/PGⅡ

Gastric atrophy group

Control group

64.0 (52.3-75.3)
13.9 (11.9-16.9)
4.6 (3.6-5.3)

92.6 (75.0-116.1)
11.5 (7.1-18.4)
8.4 (6.1-11.1)

93.2 (49.8-147.3)
15.9 (9.0-28.0)
5.4 (3.5-8.1)

P value (cancer vs control) P value (atrophy vs control)
0.537
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001

Data are expressed as median (interquartile range). PG: Pepsinogen.

Table 3 Helicobacter pylori infection and pepsinogen levels
of serum in gastric cancer patients

Table 4 Gastric cancer stages and serum pepsinogen levels
TNM stage (n )

H. pylori (+) (n = 311) H. pylori (-) (n = 139) P value
PGⅠ(μg/L)
PG Ⅱ (μg/L)
PGⅠ/PGⅡ

92.2 (53.0-145.3)
18.4 (10.4-30.0)
5.1 (3.5-7.2)

94.4 (38.9-148.8)
13.3 (7.7-22.5)
6.2 (3.5-10.0)

Ⅰ(64)
Ⅱ(182)
Ⅲ (145)
Ⅳ (59)
P value

0.96
0.01
0.01

Data are expressed as median (interquartile range). PG: Pepsinogen; H.
pylori: Helicobacter pylori.

PG Ⅱ (μg/L)

PGⅠ/PG Ⅱ

18.4 (12.1-27.2)
16.3 (9.3-27.1)
15.4 (8.8-28.7)
13.1 (6.7-13.1)
0.44

6.3 (4.5-8.4)
5.5 (4.0-8.2)
4.9 (2.8-7.5)
5.1 (3.1-8.1)
0.09

PG: Pepsinogen; TNM: Tumor-node-metastasis.

were not investigated in this study. A further prospective
control study is needed. PG Ⅱ levels were significantly
increased in patients with gastric atrophy and gastric
cancer, especially in H. pylori (+) gastric cancer, resulting
in a reduction in PGⅠ/PG Ⅱ ratio, which was consistent with a previous study[6].
A few studies have investigated PG Ⅱ serum level as
an independent biomarker with potential clinical applications[25]. Higher PG Ⅱ expression has been demonstrated
in patients with gastric ulcers, suggesting that PG Ⅱ level
reflects chronic inflammation in H. pylori-related chronic
gastritis[26-28]. Another study has shown that insertion/deletion polymorphisms of the PG Ⅱ gene are highly associated with genetic predisposition to gastric cancer in the
carriers[16]. Our study demonstrated that chronic H. pylori
infection is at a high level in the Chinese population.
The overall H. pylori (+) rate in patients with gastric carcinoma was 78.6% in young patients (< 45 years), which
was significantly higher than that in the control group
(51%). Active gastritis caused by H. pylori infection and
chronic inflammation resulted in elevated PG Ⅱ levels in
the gastric cancer group.
We also found that serum PGⅠlevel was significantly
lower in patients with stage Ⅲ and Ⅳ tumors, compared
to those with stageⅠand Ⅱ tumors. The mechanism is
unclear but it may be associated with gastric mucosal atrophy gradually increasing with advancing gastric cancer.
We demonstrated that serum PG Ⅱ level significantly
increased in Chinese patients with H. pylori-infected
gastric cancer, indicating that PG Ⅱ can be used as an
independent diagnostic marker for gastric cancer. It is
cost-effective to screen PG Ⅱ in countries with a high
incidence of gastric cancer, compared with the high
cost of endoscopy. Further studies on normal ranges of
PG Ⅱ and its changes in gastric diseases may elucidate its
physiological and pathological functions.
In conclusion, PG Ⅱ can be used as an independent
diagnostic marker for gastrointestinal cancer[29-31].
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PGⅠ(μg/L)
101.4 (76.3-147.3)
96.3 (44.7-167.2)
85.8 (43.4-133.3)
71.5 (35.7-137.0)
0.02
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META-ANALYSIS

A meta-analysis of the effects of energy intake on risk of
digestive cancers
Xiao-Feng Yu, Yi-Qian Wang, Jian Zou, Jie Dong
included 995 577 participants and 5620 incident cases
of digestive cancer with an average follow-up of 11.1
years. A significant inverse association was observed
between energy intake and the incidence of digestive
cancers. The RR of digestive cancers for the highest
compared to the lowest caloric intake category was
0.90 (95% CI 0.81-0.98, P < 0.05). The RR for an increment of 239 kcal/d energy intake was 0.97 (95% CI
0.95-0.99, P < 0.05) in the fixed model. In subgroup
analyses, we noted that energy intake was associated with a reduced risk of colorectal cancer (RR 0.90,
95% CI 0.81-0.99, P < 0.05) and an increased risk of
gastric cancer (RR 1.19, 95% CI 1.08-1.31, P < 0.01).
There appeared to be no association with esophageal
(RR 0.96, 95% CI 0.86-1.07, P > 0.05) or pancreatic
(RR 0.79, 95% CI 0.49-1.09, P > 0.05) cancer. Associations were also similar in studies from North America
and Europe. The RR was 1.02 (95% CI 0.79-1.25, P >
0.05) when considering the six studies conducted in
North America and 0.87 (95% CI 0.77-0.98, P < 0.05)
for the five studies from Europe.
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Abstract
AIM: To quantitatively assess the relationship between
energy intake and the incidence of digestive cancers in
a meta-analysis of cohort studies.

CONCLUSION: Our findings suggest that high energy
intake may reduce the total digestive cancer incidence
and has a preventive effect on colorectal cancer.

METHODS: We searched MEDLINE, EMBASE, Science
Citation Index Expanded, and the bibliographies of retrieved articles. Studies were included if they reported
relative risks (RRs) and corresponding 95% CIs of
digestive cancers with respect to total energy intake.
When RRs were not available in the published article,
they were computed from the exposure distributions.
Data were extracted independently by two investigators and discrepancies were resolved by discussion
with a third investigator. We performed fixed-effects
meta-analyses and meta-regressions to compute the
summary RR for highest versus lowest category of energy intake and for per unit energy intake and digestive cancer incidence by giving each study-specific RR
a weight that was proportional to its precision.

© 2012 Baishideng. All rights reserved.
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RESULTS: Nineteen studies consisting of 13 independent cohorts met the inclusion criteria. The studies

WJG|www.wjgnet.com

7362

December 28, 2012|Volume 18|Issue 48|

Yu XF et al . Energy intake and digestive cancers

using the Medical Subject Heading term energy intake
combined with digestive system neoplasms. Furthermore, we reviewed reference lists of retrieved articles to
search for additional studies. Only studies published as
full-length articles in English were considered.

INTRODUCTION
An important discovery in recent years is that lifestyle and
environmental factors affect cancer initiation, promotion,
and progression. Epidemiological studies strongly suggest that the majority of cancer deaths can be attributed
to factors such as unhealthy diets, tobacco, alcoholism,
infections, and occupational exposure. In particular, data
from several observational studies support the theory
that diet plays an important role in the initiation of many
common cancers[1]. Calorie restriction (CR) is an experimental mode in which test animals receive a lower-calorie diet than ad libitum-fed controls. It has emerged as
the most potent, broadly acting dietary intervention for
preventing carcinogenesis in rodent models of cancer[2].
Recent reports of extended life span and delayed cancer
development in response to CR in rhesus monkeys[3] and
observations that CR during the premenopausal years
decreases postmenopausal breast cancer risk in women[4]
suggest that the anticancer effects of CR reported in rodent models extend to primates, including humans.
Although animal models have clearly demonstrated a
protective effect of CR on cancer risk, it is less clear and
there is little direct evidence that such a protective effect exists in humans. A study of normal-weight humans
found that a 20% energy restriction for 10 wk did not
reduce oxidative DNA damage[5]. In free-living populations, it is difficult to answer the important question of
whether such an effect exists within the range of energy
intake by humans. In human populations, energy intake is
determined by physical activity, body size, and metabolic
efficiency, and all these factors may be related to cancer
risk, which makes the relationship between energy intake
and cancer in humans complex.
Very few studies have assessed the relationship between CR and the risk of various cancer sites because
of ethical issues. One study of the 1944-1945 Dutch
famine and subsequent overall cancer incidence[6] found
no evidence that the short famine affected overall cancer
risk. However, higher energy intake in childhood may increase the risk of developing cancer in adulthood[7]. Data
from case-control studies may be subject to recall bias
with respect to energy intake and to selection bias with
respect to the control group. Additional prospective cohort studies excluding those biases would be more useful
for observing energy-cancer associations. We therefore
systematically reviewed and performed a meta-analysis of
prospective cohort studies to quantitatively assess the association between energy intake and digestive cancer risk
in free-living human populations.

Inclusion and exclusion criteria
For inclusion, studies had to fulfill the following criteria:
have a prospective cohort design, report relative risks (RR)
or hazard ratios and their corresponding 95%CIs (or data
to calculate them) of digestive cancers relating to every
category of energy intake, and provide the categories or
total intake of calories. Studies were excluded if a casecontrol design was used, the experimental participants
were children or adolescents, energy intake from special
food was reported in which the total intake of calories
could not be calculated, or adequate classification of
intake could not be determined because categories of
energy intake were not reported. If multiple published
reports from the same study cohort were available, we
included only the one with the most detailed information
for both outcome and energy intake. If there were multiple articles on different types of digestive cancers in the
same cohort, we combined the outcomes to calculate the
summary RR and its corresponding 95%CIs.
Data extraction
Data were extracted independently by two investigators
(Yu XF and Dong J) according to the meta-analysis of
observation studies in epidemiology guidelines[8], and
discrepancies were resolved by discussion with a third
investigator (Zou J). For each study, the following information was extracted: first author’s last name, year of
publication, country of origin, follow-up period, number
of patients and cases, digestive cancer sites, category
amounts of energy intake, outcome assessment, RR or
hazard ratios of cancer and the corresponding 95%CIs
for every category of energy intake, and covariates adjusted for in the statistical analysis.
Statistical analysis
The measures of interest were the RR and the corresponding 95%CIs for included cohort studies. When
RRs were not available in the published article, they were
computed from the exposure distributions. We computed the summary RR for highest versus lowest category
of energy intake and for per unit energy intake and
digestive cancer incidence by giving each study-specific
RR a weight that was proportional to its precision (i.e.,
the inverse of the variance was derived, when necessary,
from the reported 95%CIs).
Statistical heterogeneity among studies was estimated
using Q and I2 statistics. For the Q statistic, heterogeneity was considered present for P < 0.1. We pooled
the study-specific estimates using both the fixed-effect
model and the random-effect model proposed by DerSimonian and Laird; when a significant heterogeneity was

MATERIALS AND METHODS
Literature search
We searched the electronic databases MEDLINE (1966
to May, 2012), EMBASE (1985 to May, 2012), and Science Citation Index Expanded (1945 to May, 2012),
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summary RR of digestive cancers for an increment of
239 kcal/d energy intake was 0.97 (95%CI 0.95-0.99),
and no significant heterogeneity between studies was
present (Q = 11.7, P = 0.167, I2 = 31.4%) (Figure 2B).
When stratified by the site of digestive cancer, we
noted that energy intake was associated with a reduced
risk of colorectal cancer (RR 0.90, 95%CI 0.81-0.99)
and an increased risk of gastric cancer (RR 1.19, 95%CI
1.08-1.31). There appeared to be no association with
esophageal (RR 0.96, 95%CI 0.86-1.07) or pancreatic (RR
0.79, 95%CI 0.49-1.09) cancer. Associations were also
similar in studies from North America and Europe. The
RR was 1.02 (95%CI 0.79-1.25) when considering the six
studies conducted in North America and 0.87 (95%CI
0.77-0.98) for the five studies from Europe.
There was no indication of publication bias from either visualization of the funnel plot or Egger’s (P = 0.661)
and Begg’s (P = 0.533) (Figure 3) tests. A sensitivity
analysis, in which one study was removed at a time, was
performed to evaluate the stability of the results. This
analysis confirmed the stability of our results.

441 potentially relevant publications identified and screened for retrieval
58 reviews excluded
96 experimental subjects were animals
287 papers from initial screening
174 papers excluded on the basis of title and abstract
(generally because papers were not observational studies)
113 potentially relevant papers retrieved for more detailed assessment
85 papers excluded for using case-control design
6 papers excluded for multiple published reports from the same cohorts
2 experimental subjects were not adults
1 papers excluded for no relative risks and corresponding 95% CIs
19 papers including 13 cohort studies satisfied inclusion criteria

Figure 1 Flow diagram of the search strategy and study selection.

found, the random-effect model results were presented.
A sensitivity analysis was also conducted, in which one
study at a time was removed and the rest were analyzed
to estimate whether the results could have been markedly affected by a single study.
Finally, publication bias was evaluated with funnel
plot visual analysis and with the Begg’s and Egger’s tests.
P < 0.05 was considered statistically significant. All statistical analyses were performed with STATA (Version
9.0; Stata Corp., College Station, TX).

DISCUSSION
Over the past 30 years, CR has emerged as the most
potent, broadly acting dietary intervention for preventing carcinogenesis in rodent models of cancer. Some
observational studies further support the hypothesis that
CR has beneficial effects on longevity and cancer risk in
humans[28]. However, physical activity and body size are
highly related to total energy intake, and it is difficult to
assess the independent effect of energy intake on cancer
risk. In addition, energy intake is also difficult to assess
in large-scale epidemiologic studies. Animal experimental
studies have suggested the importance of energy balance
as a determinant for cancer risk[28,29]. Although very few
studies have assessed the relationship between CR and
the risk of various cancer sites in humans because of
ethical issues, we quantitatively assessed the relationship
between energy intake and the incidence of digestive
cancers in a meta-analysis of cohort studies. Our metaanalysis yielded an inconsistent result in former studies
and showed that energy intake was inversely associated
with the risk of digestive cancers. The summary RR of
digestive cancers was 0.97 (95%CI 0.95-0.99) for an increment of 239 kcal calorie intake per day.
Data from countries that experienced varying degrees of energy restriction during World War Ⅱ may
support our results. For example, a cohort of Norwegians showed reduced breast cancer risk when exposed
to acute (< 1 year) energy restriction (50% reduction in
caloric intake without significant changes in diet quality)[30]. In contrast, survivors of the Dutch famine of
1944, during which energy restriction (70% reduction in
rations for adults; 50% reduction in rations for children)
was more severe than in the Norwegian study, experienced higher breast cancer rates but no apparent change
in risk of any other cancer[6]. Cohorts exposed to even

RESULTS
Using the predefined search strategy, we identified 19
publications and 13 prospective cohort studies (Figure
1), including 995 577 participants and 5620 incident
cases of digestive cancer with an average follow-up of
11.1 years, which were eligible for inclusion in the metaanalysis[9-27]. The characteristics of the included cohorts
are summarized in Table 1. Initial agreement between
the two reviewers on whether a study was eligible for
inclusion occurred for 108/113 manuscripts (95.6%; κ =
0.912). Of the 13 cohorts included in the meta-analysis,
6 were conducted in Europe, 6 in North America (United
States), and 1 in Asia (Singapore).
From the 13 cohorts reporting energy intake, 11 cohorts could be used for the qualitative meta-analyses for
the highest versus the lowest category of exposure and
digestive cancer incidence. Figure 2A shows the estimated RRs for the highest versus lowest category of energy
intake from cohort studies. The summary RR of digestive cancers from all combined studies was 0.90 (95%CI
0.81-0.98). There was no significant heterogeneity across
the studies (Q = 14.6, P = 0.148, I2 = 31.4%).
From the included cohorts, nine studies could be
used in the per unit energy intake meta-analysis. The
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Table 1 Summary characteristics of cohorts included in the meta-analysis
Ref.

Giovannucci
et al[11]

Goldbohm
et al[12]

Cohort Cases Exposure Outcome
size
details
(kcal/d)

Country

Follow-up
period
(yr)

Age
(yr)

United
States

6

40-75

47 949

205

Caloric
intake

3.3

55-69 120 852

215

Caloric
intake

Netherlands

Contrast between
groups
(kcal)

Colon cancer
incidence

1229
1586
1884
2308
2820
Colon cancer
1510 (M); 1163 (F)
1836 (M); 1435 (F)
incidence
2096 (M); 1626 (F)
2364 (M); 1848 (F)
2791 (M); 2200 (F)
Upper digestive < 2000
Tract, colorectal 2000-2499.9
≥ 2500
Cancer
incidence

Chyou
et al[13]

United
States

24

45-68

7903

695

Caloric
intake

Gaard
et al[15]

Norway

11.4

20-54

50 535

143

Energy
intake
kJ/d

Colon cancer
incidence

Martínez
et al[16]
Harnack
et al[17]

United
States
United
States

12

30-55

89 448

501

9

55-69

33 976

355

Caloric
intake
Caloric
intake

Kato
et al[18]

United
States

7.1

34-65

14 727

100

Energy
intake

Järvinen
et al[21]

Finland

24

≥ 15

9959

109

Energy
intake

Colon cancer
incidence
Esophageal
gastric,
Pancreatic,
colon
Cancer incidence > 1900
Colorectal
Quintile 1
cancer incidence Quintile 2
Quintile 3
Quintile 4
Colorectal
4th: highest quintile
cancer incidence 1st: lowest quintile

StolzenbergSolomon
et al[23]

Finland

13

50-69

27 111

459

Energy
intake

8.5

20-59 > 36 000

102

7

45-74

6.4

35-70 413 044

Tiemersm
et al[24]

Netherlands

Wong
Singapore
et al[25]
Friedenreich 10 European
et al[26]
countries
Prentice
et al[27]

United
States

12

50-79

63 257

80 816

Energy
intake
kJ/d
482 Energy
intake
1693 Energy
intake
561

Energy
intake

Gastric,
pancreatic,
colorecal cancer
incidence

Relative risk
(95%CI)

Adjustments

1
1.92 (1.28-2.90)
1.33 (0.85-2.08)
1.12 (0.70-1.80)
0.94 (0.57-1.55)
1
0.88 (0.57-1.69)
1.12 (0.75-1.70)
0.84 (0.54-1.31)
0.74 (0.47-1.18)
1
0.91 (0.60-1.22)
0.94 (0.64-1.24)

Age

≥ 9999: highest quintile 1.24 (0.56-1.92)
≥ 6654 (F)
≤ 6857: lowest quintile
≤ 4453 (F)
5th: highest quintile
1.18 (0.89-1.57)
1st: lowest quintile
1
≤ 1450
0.69 (0.49-0.88)
1451-1900
0.73 (0.53-0.92)

≤ 2155
> 2155 and ≤ 2541
> 2541 and ≤ 2917
> 2917 and ≤ 3410
> 3410

1.0
1.16 (0.67-2.00)
0.85 (0.47-1.53)
1.20 (0.69-2.08)
0.78 (0.42-1.44)

1
1.18 (0.78-1.58)
1.19 (0.76-1.85)
0.99 (0.62-1.35)
0.75 (0.42-1.09)

Age, alcohol,
number of
cigarettes day,
number of years
smoked
Age, height, BMI,
attained age,
smoking status
Age
Age, alcohol use,
pack-years of
smoking, yellow/
orange vegetables,
grains intake
Age, educational
level, place at
enrollment
Age, sex, BMI,
smoking,
occupational
group,
geographical area
Age, BMI,
educational
level, calcium
intake, smoking
years, alcohol
consumption,
physical activity
at work

Colorectal
mean cases: 6895
cancer incidence mean controls: 6773
Colorectal
cancer incidence
Colorectal
cancer incidence

mean cases: 1511
mean controls: 1492
< 1827
1827-2351
> 2351
Pancreatic,
Quartile 1
colorectal cancer Quartile 2
Quartile 3
incidence
Quartile 4

1
0.91 (0.78-1.05)
0.90 (0.78-1.02)
1
1.19 (0.81-1.57)
1.18 (0.82-1.54)
1.47 (0.99-1.94)

Age, center,
education,
smoking, fiber

BMI: Body mass index; F: Female; M: Male.

longer and more severe (> 80% reduction in normal
energy intake) energy restriction, such as European Jewish survivors exposed to the Holocaust[31] or Russian
survivors of the Siege of Leningrad[32], show increased
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risk of some cancers. The confounding effects of severe
physical and psychosocial stress, malnutrition, infection,
and other factors associated with war conditions make
these studies challenging to interpret. However, based
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A

Study

ES (95%CI)

Giovannucci et al
Goldbohm et al
Chyou et al

[13]

Gaard et al

[15]

Martínez et al
Harnack et al
Kato et al

[11]

◆

[12]

◆
◆
◆

[16]

[17]

◆

◆

[18]

◆

Järvinen et al

[21]

◆

Stolzenberg-Solomon et al
Friedenreich et al
Prentice et al

[23]

◆

[26]

◆

[27]

◆

2

Overall (χ = 31.4%, P = 0.148)
0

B

1

2.79

0.74 (0.47, 1.18)

5.32

0.94 (0.54, 1.24)

7.45

1.24 (0.56, 1.92)

1.45

1.18 (0.89, 1.57)

5.80

0.73 (0.53, 0.92)

17.65

1.20 (0.59, 2.08)

1.39

0.78 (0.42, 1.44)

2.58

0.75 (0.42, 1.09)

5.98

0.90 (0.78, 1.02)

46.50

1.47 (0.99, 1.94)

2.97

0.90 (0.81, 0.98)

100.00

2

Study

ES (95%CI)

Goldbohm et al
Chyou et al

[17]

0.94 (0.91, 0.98)

41.04

◆

0.94 (0.72, 1.16)

1.04

0.87 (0.75, 0.99)

3.49

◆

[18]

◆
[21]

Järvinen et al

◆

Stolzenberg-Solomon et al
Tiemersm et al
Wong et al

[23]

◆

[24]

◆

[25]

Prentice et al

◆

[27]

◆

2

Overall (χ = 31.4%, P = 0.167)
0

% weight

◆

[13]

Harnack et al
Kato et al

[12]

% weight

0.94 (0.57, 1.55)

1

1.01 (0.84, 1.18)

1.74

0.91 (0.71, 1.11)

1.26

0.93 (0.79, 1.07)

2.56

1.03 (0.91, 1.15)

3.49

0.99 (0.93, 1.05)

13.96

1.01 (0.97, 1.05)

31.42

0.97 (0.95, 0.99)

100.00

2

Figure 2 Summary relative risks of digestive cancers. A: The highest vs lowest category of energy intake from included cohorts; B: An increment of 1 MJ/day energy intake from included cohorts. Squares represent study-specific relative risk (RR) estimates (size of the square reflects the study-specific statistical weight, that is,
the inverse of the variance); horizontal lines represent 95%CIs; diamonds represent summary RR estimates with corresponding 95%CIs.

adaptations to CR itself, including (1) decreased production of growth factors and anabolic hormones[33,34]; (2)
decreased production of reactive oxygen species and
modulation of the endogenous antioxidant systems that
decrease oxidative stress and free radical-induced DNA
damage [35,36]; (3) decreased plasma concentrations of
inflammatory cytokines and an increase in circulating
corticosteroids, ghrelin, and adiponectin that results in
reduced inflammation[37-40]; and (4) protection against
aging-associated deterioration in immunosurveillance[41].
In addition, CR simultaneously affects multiple processes that are involved in cancer pathogenesis, including DNA repair processes, removal of damaged cells
through apoptosis, autophagy, and protection from the
effects of damaging agents (e.g., toxic and genotoxic
compounds)[42,43]. Many of the effects of CR are probably mediated by regulation of gene expression, including upregulation of tumor suppressor genes and genes
promoting DNA and cellular repair, protein turnover,
stress resistance and antioxidant genes, downregulation
of proinflammatory genes, and modulation of energy
metabolism pathways[44,45]. Whether CR with adequate
nutrition reduces the cancer incidence in humans is unknown, but data from studies of long-term CR suggest
that the metabolic and physiological responses to CR in

0.5

log[RR]

0

-0.5

-1
0

-1

-2

-3

s.e.of: log[RR]

Figure 3 Publication bias in the studies. Begg’s funnel plot indicating no publication bias in the studies included in this meta-analysis. No indication of publication bias was noted from both visualization of the funnel plot and Egger’s test.

on data from animal and human studies, it seems clear
that although CR typically decreases cancer risk, the anticancer effects associated with reduced energy intake can
be neutralized or overcome in the presence of extreme
stressors, such as what occurred during World War Ⅱ.
The mechanisms responsible for CR-mediated beneficial effects on cancer are thought to involve metabolic
WJG|www.wjgnet.com
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humans are similar to those in rodents and monkeys[46-49].
To further elucidate the relationship between energy
intake and risk of digestive cancer at various sites, we
performed subgroup analysis and noted that energy
intake was associated with a reduced risk of colorectal
cancer and an increased risk of gastric cancer. There
appeared to be no association with esophageal or pancreatic cancer. Colorectal cancer is one of the most
common cancers worldwide. Only one study assessed
the association between energy restriction and colorectal cancer risk[50]. This study observed no significant
relationship between energy restriction early in life and
subsequent colon carcinoma risk in men and women
who had lived in a western city in 1944-1945 (hunger
winter) in the Netherlands. Interestingly, of studies that
have examined the relationship between energy intake
and colon cancer, many prospective investigations have
similarly found inverse associations with greater energy
intake, whereas case-control studies have observed positive associations[51-55].
A combined analysis of 13 case-control studies demonstrated a positive association with total energy intake
in 11 of the 13 studies. The association was similar between men and women, between younger (< 50 years
old) and older (> 50 years old) people, between colon
and rectal cancer, and between right and left colon cancer sites[54]. On the other hand, cohort studies have usually reported a weak or null association[15,18]. In the study
by Bostick et al[10], a decreasing risk of colon cancer with
increasing total energy intake was seen following ageadjusted analysis. The RR comparing the highest quintile
(> 2.238 kcal/d) with the lowest quintile (< 1.301 kcal/d)
was 0.60 (95%CI 0.39-0.92). Martínez et al[16] reported
a weak positive association between energy intake and
colorectal cancer. The age-adjusted RR for the highest
compared with the lowest quintile of energy intake was
1.18 (95%CI 0.89-1.57). Among 63 257 Asian participants followed for an average of 7 year in which 310 incident cases of colorectal cancer were identified, no significant difference was found between the median total
caloric intake of patients with colorectal cancer (1494.0
kcal/d) and controls (1483.5 kcal/d)[56].
In our meta-analysis, 10 cohorts were identified from
Finland, the Netherlands, Norway, and the United States.
The summary RR of colorectal cancer was 0.90 (95%CI
0.81-0.99) for the highest versus lowest category of energy intake. We observed an inverse association between
energy intake and the risk of colorectal cancer. The inverse association observed in some of these prospective
studies may be explained by the greater energy intake
associated with energy expenditure from greater physical
activity, which is protective against colon cancer[57].
There were over 20 case-control studies concerning
the relationship between total energy intake and the risk
of gastric cancer. In all studies, total energy consumed
during adulthood was assessed. Some studies reported
a positive association between total energy intake and
the risk of gastric cancer[58-62]. Regarding cohort studies, Ahn et al[63] reported a approximately 60% decreased
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risk of gastric cancer with increased total energy intake
in Korea. Kasum et al[22] studied the association between
energy intake and the risk of gastric cancer in postmenopausal women in the United States. Among 34 651 participants followed for an average of 14 years in which 56
incident cases of gastric cancer were identified, the summary RR of stomach cancer was 1.10 for an increment
of 250 kcal/d energy intake. Our meta-analysis including
two cohort studies suggested a significant positive relationship between energy intake and gastric cancer (RR =
1.19; 95%CI 1.08-1.31).
Over the past three decades, many studies have been
conducted to examine the relationship between energy
intake and pancreatic cancer. Harnack et al[17] found that
in 33 976 postmenopausal women in the United States,
the summary RR of pancreatic cancer for individuals
with an energy intake of > 1900 kcal/d was 1.20 (95%CI
0.67-2.15) compared with those having an intake of
< 1450 kcal/d. In 27, 111 male smokers in Finland,
Stolzenberg-Solomon et al[23] studied the association between energy intake and the risk of pancreatic cancer.
After following participants for an average of 10.2 years,
163 incident cases of exocrine cancer of the pancreas
were identified. The RR comparing the highest quintile
(> 3410 kcal/d) with the lowest quintile (< 2155 kcal/d)
was 0.62 (95%CI 0.36-1.07). After a pooled analysis of
three cohort studies, we found that the summary RR of
pancreatic cancer was 0.79 (95%CI 0.49-1.09) for the
highest versus lowest category of energy intake. Thus,
there appears to be no obvious association between energy intake and pancreatic cancer risk.
Some limitations of this meta-analysis should be acknowledged. First, as in all observational studies of diet
and disease, the possibility of bias and confounding factors cannot be excluded. However, cohort studies, which
are less susceptible to bias because of the prospective
design, also showed an inverse association between energy intake and risk of digestive cancers, suggesting that
the finding is not likely attributable to recall and selection bias. Individual studies may have failed to adjust
for potential known or unknown confounders. Second,
energy intake in our study may be a marker for greater
nutrient intake and better nutritional status, because
energy is correlated with many nutrients, and their combined effect may also explain the protective association
that we observed. Dietary data do not necessarily reflect
absorbed or biologically active doses and may contain
measurement error from nutritional assessment techniques and nutrient databases, and participants may have
changed their diets since baseline. All these parameters
may have attenuated risk estimates. Third, we extracted
the risk estimates that reflected the greatest degree of
the control potential confounders because it was difficult
to obtain raw data from each study to conduct standardized adjustments. Therefore, the results based on
adjustment for different confounders were likely different from those based on standardized adjustments. Finally, only published studies were included in our metaanalysis. Therefore, publication bias may have occurred,
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although no publication bias was indicated from both
visualization of the funnel plot and Egger’s test.
This meta-analysis presents epidemiologic evidence
about the relationship between energy intake and risk of
digestive cancers. In summary, we observed an inverse
association between energy intake and the risk of digestive cancers. High energy intake may increase the risk
of gastric cancer and decrease that of colorectal cancer.
However, because physical activity, body size, and metabolic efficiency are highly related to total energy intake
and expenditure, it is difficult to assess a possible independent effect of energy intake on digestive cancer risk.
More investigations are needed to determine the biological mechanism of the inverse relationship between energy intake and the incidence of digestive cancers.
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COMMENTS
COMMENTS
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Background

An important discovery in recent years is that lifestyle and environmental factors affect cancer initiation, promotion and progression. Epidemiological studies
strongly suggest that the majority of cancer deaths can be attributed to factors
such as unhealthy diets, tobacco, alcoholism, infections, and occupational exposure. Recent reports of extended life span and delayed cancer development
in response to calorie restriction (CR) in rhesus monkeys and observations that
CR during the premenopausal years decreases postmenopausal breast cancer
risk in women suggest that the anticancer effects of CR reported in rodent models extend to primates, including humans.

7
8

9

Research frontiers

Very few studies have assessed the relationship between CR and the risk of
various cancer sites because of ethical issues. One Dutch famine study and
subsequent overall cancer incidence found no evidence that the short famine
affected overall cancer risk. However, higher energy intake in childhood may
increase the risk of developing cancer in adulthood. Data from case-control
studies may be subject to recall bias with respect to energy intake and to selection bias with respect to the control group. Prospective cohort studies excluding
those biases would be more useful for observing energy-cancer associations.

10
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Innovations and breakthroughs

This meta-analysis presents epidemiologic evidence about the relationship
between energy intake and risk of digestive cancers. They observed an inverse
association between energy intake and the risk of digestive cancers. High energy intake may increase the risk of gastric cancer and decrease that of colorectal
cancer. However, because physical activity, body size, and metabolic efficiency
are highly related to total energy intake and expenditure, it is difficult to assess
a possible independent effect of energy intake on digestive cancer risk. More
investigations are needed to determine the biological mechanism of the inverse
relationship between energy intake and the incidence of digestive cancers.
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Applications

14

The study results suggest that an inverse association between energy intake
and the risk of digestive cancers. High energy intake may increase the risk of
gastric cancer and decrease that of colorectal cancer. They could prevent digestive cancers by controlling energy intake.
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Terminology

CR is an experimental mode in which test animals receive a lower-calorie diet
than ad libitum-fed controls. It has emerged as the most potent, broadly acting
dietary intervention for preventing carcinogenesis in rodent models of cancer.
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Peer review

This manuscript presents a meta-analysis of selected studies about the effects
of energy intake on risk of digestive cancer. It is well designed with the use of
only prospective studies. Appropriate statistical methods are used for each reported meta-analysis for the assessment of effects on outcome.
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Itopride therapy for functional dyspepsia: A meta-analysis
Xuan Huang, Bin Lv, Shuo Zhang, Yi-Hong Fan, Li-Na Meng
1.24 [95%CI: (1.01, 1.53), P = 0.04] for global patient
assessment, postprandial fullness, and early satiety,
respectively. For the Leeds Dyspepsia Questionnaire
score, the weighted mean deviation was -1.38 [95%CI:
(-1.75, -1.01), P < 0.01]. The incidence of adverse effects was similar in the itopride and control groups. The
funnel plots for all indicators showed no evidence of
publication bias.
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Abstract
AIM: To evaluate the therapeutic effects of itopride

vs other drugs (placebo, domperidone, mosapride) for

Huang X, Lv B, Zhang S, Fan YH, Meng L. Itopride therapy for
functional dyspepsia: A meta-analysis. World J Gastroenterol
2012; 18(48): 7371-7377 Available from: URL: http://www.wjgnet.com/1007-9327/full/v18/i48/7371.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i48.7371

functional dyspepsia (FD).

METHODS: Randomized controlled trials (RCTs) of
itopride for FD were retrieved from databases. Relevant
information was extracted and analyzed, using the relative risk (RR) and weighted mean deviation, as appropriate. A random or fixed effect model was used, based
on the heterogeneity of the included articles, and visual
inspection of funnel plots was used to evaluate publication bias.

INTRODUCTION
Functional dyspepsia (FD) is a common, functional gastrointestinal disorder[1]. In a multi-centre Asian study of
1115 patients with uninvestigated dyspepsia (UD) (Rome
II criteria) from nine countries, 43% turned out to have
FD after investigation[2]. FD places a heavy financial burden on society[3,4]. Globally the majority of patients suffering from dyspepsia, which account for approximately

RESULTS: Nine RCTs enrolling 2620 FD cases were
included; 1372 cases received itopride treatment and
1248 cases received placebo or other drugs (control
groups). Compared with control groups, itopride had
superior RR values of 1.11 [95%CI: (1.03, 1.19), P
= 0.006], 1.21 [95%CI: (1.03, 1.44), P = 0.02], and

WJG|www.wjgnet.com

7371

December 28, 2012|Volume 18|Issue 48|

Huang X et al . Itopride for functional dyspepsia

5% of primary care, fall into the category of FD[5]. FD
is a complex problem resulting from the interaction of
gastric dysmotility[6,7], visceral hypersensitivity, and psychological factors, and causes delayed gastric emptying,
abnormal gastric regulation, and aberrant myoelectricity.
As many as 60% of FD patients have gastric dysmotility. Outcomes of drug therapy [including Chinese herbal
medicines, antidepressant drugs, proton pump inhibitors
(PPI), and Helicobacter pylori (H. pylori) eradication] for FD
patients have not been satisfactory[8-10] compared with
placebos. Although prokinetic agents have been proven
to improve symptoms in FD patients by reducing gastroesophageal reflux, promoting gastric emptying, and improving gastric regulation, metoclopramide is associated
with a high incidence of central nervous system (CNS)related adverse drug reactions (ADRs), domperidone can
elevate serum prolactin levels and cause gynecomastia
and galactorrhea, and cisapride has been withdrawn because of safety concerns including high risk of prolonging the QT interval and severe arrhythmias[11].
Itopride, a novel prokinetic agent, works by antagonizing dopamine D2-receptors and inhibiting acetylcholinesterase[12]. It does not cause any CNS-related ADRs
because its high polarity does not allow it to cross the
blood-brain barrier, it barely elevates prolactin levels and
does not prolong the Q-T interval[5]. In a multicentre,
randomised, double-blind, placebo-controlled trial, itopride significantly improved symptoms in patients with
FD, and showed a greater response rate than placebo[13].
However, it was recently reported that itopride was no
more effective in showing a difference in symptom response from placebo in FD[5]. Therefore, given the conflicting results for efficacy in some study reports and the
possible serious adverse reactions (SARs) of itopride, a
meta-analysis of randomised controlled trial (RCT) data
published prior to December 2011 was conducted, with
a view to evaluating more objectively the efficacy and
safety of itopride in the treatment of FD.

gastritis, peptic ulcer, and cholecystitis, etc.; and (5) baseline data that were not similar.
Literature search and data collection
Databases searched included the Cochrane Library,
PubMed, Elsevier, EMBASE, ISI, CNKI, VIP Chinese
Scientific and Technological Periodical Database and
Wanfang Data, prior to December 2011. Search terms
and search strategy included: “itopride”, “functional
dyspepsia”, “randomized or random or randomly or randomised”, “controlled trial”; “Yi Tuo Bi Li” (the Chinese
character for “itopride”), “Gong Nen Xing Xiao Hua Bu
Liang” (the Chinese character for “functional dyspepsia”), “sui ji dui zhao” (the Chinese character for “randomized control”), excluding studies involving children
or pregnant women, as well as review papers. Meanwhile,
articles published in core journals in China and abroad
this year, such as Chinese Journal of Digestion, Chinese Journal
of Internal Medicine, Chinese Journal of Gastroenterology, Gastroenterology, and Gut were searched manually. Conference
papers published this year were also consulted, along with
the references of the included articles, so as to include
studies that may have been omitted. Extracted data included outcome measures, risk of bias and characteristics
of trials, patients, and interventions. Authors of included
trials were approached for additional information when
necessary. The articles were screened by two reviewers
independently, according to the steps for preliminary
screening and full-text screening, and any differences
were settled through discussions by the reviewers themselves or with assistance from a third party.
Quality evaluation
Study quality was evaluated according to the quality evaluation criteria recommended in the Cochrane Reviewers’
Handbook 4.2.2. Briefly, the quality of a study was rated
A, B, or C based on its randomization method, allocation
concealment, double-blind method, missing follow-up,
and withdrawal from observation. Grade A completely
conforms to the four quality standards and has the lowest
possibility of bias. Grade B partially conforms to one or
more quality standards and shows moderate possibility of
bias. Grade C does not conform to any of the four quality standards and has a high possibility of bias.

MATERIALS AND METHODS
Inclusion and exclusion criteria
Inclusion criteria for the studies used in the analysis required that they: (1) contained inclusion and exclusion
criteria, and the study design was an RCT with a quality level above B; (2) were designed to study FD as the
target population; (3) had a study group that was given
itopride and a control group that was given placebo,
domperidone, or mosapride, etc.; and (4) included one
or more of the following indicators for comparison
of efficacy between itopride and other therapy: Global
patient assessment (GPA), postprandial fullness, early
satiation, epigastric discomfort, adverse reaction, and the
Leeds Dyspepsia Questionnaire (LDQ) score. Studies
were excluded that had: (1) incomplete data; (2) been republished (only those with credible data were chosen);
(3) a control group that used itopride together with other
drugs; (4) patients with obvious organic diseases such as
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Data analysis
Revman 5.0 (the Cochrane collaboration; http://www.
cochrane.org/) was used for statistical analysis of the
data. Relative risk (RR) was used to test the heterogeneity
of such numerical data as GPA, epigastric fullness, early
satiation, epigastric discomfort, and adverse reactions
between the two groups of each study. Weighted mean
deviation (WMD) was used for statistical analysis of the
LDQ scores, and the effect variables were expressed by
95% confidence intervals. Statistical assessment was then
performed using a χ 2 test of homogeneity and evaluation
of the inconsistency index (I2) statistic. The I2 statistic is
defined as the percentage of variability caused by hetero-
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received placebo or other control drugs. Table 1 shows
the basic characteristics of the studies included.

328 articles were found after initial search
EMBASE: 21; Elsevier: 74
Pubmed: 11; Cochrane: 0
ISI: 50; VIP: 29
CNKI: 117; Wanfang Data: 16

Analysis results of efficacy indicators
GPA: Six RCT articles[5,13,14,18-20]reported the GPA of itopride in FD patients, of which three were domperidonecontrolled, one was mosapride-controlled, and the other
two were placebo-controlled. The chi-square value of the
test for heterogeneity was 13.69, with an I2 value of 49%,
indicating that there was homogeneity of effects among
the trials. Therefore, a fixed effect model was used, and
the calculated RR value was 1.11 [95%CI: (1.03, 1.19),
P = 0.006], as shown in Figure 2A. Itopride improved
the GPA of FD patients more significantly than control
groups.

298 articles were excluded after a reading
of the title and abstract
Animal test, non-RCT
Repeated articles obviously not fulfilling
the inclusion criteria

30 RCT articles were preliminary included

21 articles were further excluded after
reading of the full text
Failure to meet the inclusion criteria
Poor quality of RCT
Data unavailable

Postprandial fullness: Four RCT articles[15-17,20] reported
the efficacy of itopride with respect to postprandial fullness of FD patients, all of which were domperidonecontrolled. The chi-square value of the test for heterogeneity was 6.09, with an I2 = 51%, indicating that there
was heterogeneity of effects among the trials. Therefore,
a random effect model was used, and the calculated RR
value was 1.21 [95%CI: (1.03, 1.44), P = 0.02], as shown
in Figure 2B. Itopride improved the postprandial fullness
of FD patients more significantly than domperidone.

9 RCT article were finally included

Figure 1 Flow chart of article inclusion and screening. RCT: Randomized
controlled trial.

Early satiation: Four RCT articles[15-17,20] reported the
efficacy of itopride with respect to early satiation of FD
patients, all of which were domperidone-controlled; the
chi-square value of the test for heterogeneity was 9.18,
with a I2 = 67%, indicating that there was heterogeneity
of effects among the trials. Therefore, a random effect
model was used, and the calculated RR value was 1.24
[95%CI: (1.01, 1.53), P = 0.04]. Compared with domperidone, itopride improved the early satiation of FD
patients more significantly.

geneity rather than chance with values > 50% representing the possibility for substantial heterogeneity. A fixed
effect model was used to estimate the overall effect if RR
was homogenous; if RR was non-homogenous, a random
effect model was used.
Publication bias
Funnel plots were drawn using the RR values of each
of GPA, epigastric fullness, early satiation, epigastric
discomfort, and adverse reactions of the two groups included in the meta-analysis as the X coordinate and the
standard error (SE) (log RR) as the Y coordinate, as well
as using the mean deviation (MD) of LDQ scores as the
X coordinate and the SE (MD) as the Y coordinate, after
which the symmetry of the plots was observed to evaluate the impacts of publication bias. Subgroup analyses
were performed to evaluate intervention effects in trials
comparing itopride vs placebo or other prokinetic agents,
trials with adequate bias control (assessed through randomization methods) and publication status.

Epigastric discomfort: Three RCT articles[15,16,20] reported the efficacy of itopride with respect to epigastric
discomfort of FD patients, all of which were domperidone-controlled; the chi-square value of the test for heterogeneity was 2.67, with a I2 = 25%, indicating that there
was homogeneity of effects among the trials. Therefore,
a fixed effect model was used, and the calculated RR
value was 1.00 [95%CI: (0.88, 1.14), P = 0.98]. Itopride
and domperidone had similar efficacy on epigastric discomfort of FD patients.

RESULTS

LDQ: Two RCT articles[5,13] reported that itopride improved the LDQ scores of FD patients, both of which
were placebo-controlled; the chi-square value of the test
for heterogeneity was 18.53, and I2 = 84%, indicating
that there was heterogeneity of effects between the trials. Therefore, a random effect model was used, and the
calculated WMD value was -1.38 [95%CI: (-1.75, -1.01), P
< 0.01]. Thus, itopride improved the LDQ scores of FD
patients more significantly than placebo.

Results of the literature search and information on
included studies
328 articles were collected; 319 were excluded for not
meeting the inclusion criteria, nine RCT articles[5,13-20]
were finally included, as shown in Figure 1. Of the included RCT articles, seven were graded as grade B and
two as grade A. Included studies contained a total of
2620 patients, 1372 of whom received itopride, and 1248
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Table 1 Clinical data of included articles
Ref.

Year Quality Total Duration
grade cases of therapy
(wk)

Treatment group

Cases
(male/female)
Zhou et al[14]
Sun et al[15]
Mo et al[16]
Chen et al[17]
Amarapurkar et al[18]
Zhu et al[19]
Li et al[20]
Holtmann et al[13]

2000
2003
2003
2004
2004
2005
2005
2006

B
B
B
B
B
B
B
A

208
232
80
42
60
236
200
412

2
2
2
4
2
4
4
8

Talley et al[5], INT
Talley et al[5], NOR

2008
2008

A
A

524
626

8
8

Average Itopride dosing Cases (male/ Average
age (yr)
regimen
female)
age (yr)

105
115
40
21
30 (19/11)
119
100 (47/53)
50 mg: 135 (48/87)
100 mg: 135 (57/78)
264 (86/178)
308 (109/199)

Incidence of ADRs: Eight RCT articles[13-20] reported
the ADRs of itopride in the treatment of FD patients,
of which six were domperidone-controlled, one was
mosapride-controlled, and the other one was placebocontrolled; the chi-square value of the test for heterogeneity was 4.51, with a I2 = 0%, indicating that there was
homogeneity of effects among the trials. Therefore, a
fixed effect model was used, and the calculated RR value
was 0.96 [95%CI: (0.78, 1.17), P = 0.67], as shown in Figure 2C. Analysis of the sub-groups showed that itopride
did not have a higher incidence of ADRs than domperidone, mosapride, or placebo.

43
35
45
38
47
43
43

50 mg tid
50 mg tid
50 mg tid
50 mg tid
50 mg tid
50 mg tid
50 mg tid
50 mg tid
100 mg tid
100 mg tid
100 mg tid

Dosing regimen

103
117
40
21
30 (11/19)
117
100 (47/53)
142 (53/89)

46
36
40
38
49

Domperidone 10 mg tid
Domperidone 10 mg tid
Domperidone 10 mg tid
Domperidone 10 mg tid
Mosapride 5 mg tid
Domperidone 10 mg tid
Domperidone 10 mg tid
Placebo

260 (99/161)
318 (96/222)

43
43

Placebo
Placebo

the treatment of FD, and the reported efficacy was controversial. Therefore, a meta-analysis of previously published high quality RCTs was conducted.
In the present study, when compared with the control groups, the RRs of itopride for GPA, postprandial
fullness, and early satiation of FD patients indicate that
this drug could significantly improve the GPA scores,
postprandial fullness, and early satiation in FD patients.
However, it did not improve epigastric discomfort more
significantly than the comparator, which could be a result
of itopride’s action of increasing postprandial gastric
receptive relaxation[24] and gastrointestinal motility[20]. To
further evaluate the efficacy of itopride in improving the
symptoms of FD patients, the LDQ was used to evaluate
FD patients’ symptoms at baseline and after treatment,
and the calculated WMD was -1.38 [95%CI: (-1.75, -1.01),
P < 0.01], suggesting that the drug could significantly
reduce the LDQ scores of FD patients, which made the
results more convincing. As for safety, it showed that the
incidence of ADRs was no higher for itopride than for
domperidone, mosapride, or placebo. The ADRs attributed to itopride were mainly abdominal pain and diarrhoea, which were all mild to moderate, without clinically
related changes in the electrocardiogram, particularly
prolongation of QT intervals. This appears to be different from other prokinetic agents, possibly because the
polarity of itopride largely prevents it from entering the
brain or the CNS[25]. In addition, as compared with other
dopamine receptor antagonists, itopride caused a much
lower incidence of CNS-related ADRs and hyperprolactinaemia while keeping dopamine active. Meanwhile, there
were fewer drug interactions of itopride compared with
other prokinetic agents[26], probably because itopride is
metabolized by a monooxygenase, while mosapride and
other prokinetics are metabolized by cytochrome P450,
as reported by Mushiroda[26].
Considering the discrepancy in contradictory trial
results[12,20], study design issues are important. There
were several probable reasons, including heterogeneity
of the conditions and differences in patient selection.

Analysis of publication bias
As compared with the control groups, itopride’s funnel
plots of GPA, postprandial fullness, early satiation, epigastric discomfort, and ADR all showed a symmetrical
shape that was narrow at the top and wide at the bottom,
indicating that there was no publication bias.

DISCUSSION
The pathogenesis of FD is far from fully understood,
but gastrointestinal motility and visceral sensitivity are
proven to play very important roles[21,22] in the occurrence
of FD symptoms. Clinically, prokinetic agents, such as
domperidone, cisapride, and mosapride, are often used to
treat these patients. Recently a meta-analysis by Hiyama[23]
showed a significant treatment benefit in favour of prokinetic agents in patients with FD. However, in that study,
itopride is rarely involved. Given the concern for safety
and efficacy of the existing prokinetic agents, a novel
agent that is safer and more effective is urgently needed.
Itopride is a prokinetic agent that has a completely different mechanism of action from existing ones; it works
by both antagonizing dopamine receptors and inhibiting
the activity of acetylcholinesterase. It not only stimulates
release of acetylcholine, but also inhibits its degradation, thus promoting gastrointestinal motility. There are
a few well-designed RCTs on the efficacy of itopride in
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A

B

C

Study or subgroup

Itopride
Events
Total

Control
Events
Total

Weight (%)

2 wk
Amarapurkar DN
30
30
25
30
4.30
Zhou LY
79
100
74
101
12.40
Subtotal (95%CI)
130
131
16.60
Total events
109
99
2
Heterogeneity: χ = 0.89, df = 1 (P = 0.34); I ² = 0%
Test for overall effect: Z = 1.65 (P = 0.10)
4 wk
LI YH
89
100
89
100
14.90
Zhu CQ
77
119
73
117
12.40
Subtotal (95%CI)
219
217
27.30
Total events
166
162
2
Heterogeneity: χ = 0.15, df = 1 (P = 0.70); I ² = 0%
Test for overall effect: Z = 0.32 (P = 0.75)
8 wk
Holtmann G, 100 mg
75
128
56
136
9.10
Holtmann G, 50 mg
72
127
56
136
9.10
Talley NJ, INT
118
2
113
248
19.40
Talley NJ, NOR
115
304
112
316
18.40
Subtotal (95%CI)
820
836
56.10
Total events
380
337
2
Heterogeneity: χ = 7.60, df = 3 (P = 0.06); I ² = 61%
Test for overall effect: Z = 2.48 (P = 0.01)
Total (95%CI)
1169
1184
100.00
Total events
655
598
2
Heterogeneity: χ = 13.69, df = 7 (P = 0.06); I ² = 49%
Itopride
Control
Study or subgroup
Events
Total
Events
Total
Weight (%)
Chen X
17
20
14
20
16.50
LI YH
74
94
56
95
29.70
Mo JZ
38
39
29
40
29.80
Sun J
58
115
62
117
24.00
Total (95%CI)
268
272
100.00
Total events
187
161
2
Heterogeneity: Tau² = 0.01; χ = 6.09, df = 3 (P = 0.11); I ² = 51%
Test for overall effect: Z = 2.25 (P = 0.02)
Itopride
Control
Study or subgroup
Events
Total
Events
Total Weight (%)
Domperidone
Chen X
3
21
2
LI YH
4
104
6
Mo JZ
0
40
0
Sun J
10
115
9
Zhou LY
2
105
4
Zhu CQ
3
119
3
Subtotal (95%CI)
504
Total events
22
24
2
Heterogeneity: χ = 1.34, df = 4 (P = 0.86); I ² = 0%
Test for overall effect: Z = 0.29 (P = 0.77)
Mosapride
Amarapurkar DN
0
30
5
Subtotal (95%CI)
30
Total events
0
5
Heterogeneity: Not applicable
Test for overall effect: Z = 1.65 (P = 0.10)
Placebo
Holtmann G, 100 mg
54
135
53
Holtmann G, 50 mg
48
135
53
Subtotal (95%CI)
270
Total events
102
106
2
Heterogeneity: χ = 0.29, df = 1 (P = 0.59); I ² = 0%
Test for overall effect: Z = 0.11 (P = 0.91)
Total (95%CI)
804
Total events
124
135
2
Heterogeneity: χ = 4.51, df = 7 (P = 0.72); I ² = 0%
Test for overall effect: Z = 0.42 (P = 0.67)

21
105
40
117
103
117
503

1.50
4.50

Risk ratio
M-H, fixed, 95%CI

Risk ratio
M-H, fixed, 95%CI

1.20 (1.01, 1.42)
1.08 (0.92, 1.26)
1.11 (0.98, 1.25)

1.00 (0.91, 1.10)
1.04 (0.85, 1.26)
1.02 (0.92, 1.13)

1.42 (1.11, 1.82)
1.38 (1.07, 1.77)
0.99 (0.82, 1.20)
1.07 (0.87, 1.31)
1.15 (1.03, 1.28)

1.11 (1.03, 1.19)

Risk ratio
M-H, random, 95%CI

0.1 0.2 0.5 1
2
5 10
Favours control Favours itopride
Risk ratio
M-H, random, 95%CI

1.21 (0.86, 1.71)
1.34 (1.10, 1.63)
1.34 (1.10, 1.64)
0.95 (0.74, 1.22)
1.21 (1.03, 1.44)

Risk ratio
M-H, fixed, 95%CI

6.70
3.00
2.30
18.00

1.50 (0.28, 8.08)
0.67 (0.20, 2.32)
Not estimable
1.13 (0.48, 2.68)
0.49 (0.09, 2.62)
0.98 (0.20, 4.77)
0.92 (0.53, 1.61)

4.10
4.10

0.09 (0.01, 1.57)
0.09 (0.01, 1.57)

142
142
284

38.90
38.90
77.80

1.07 (0.80, 1.44)
0.95 (0.70, 1.30)
1.01 (0.82, 1.25)

817

100.00

0.96 (0.78, 1.17)

0.1 0.2 0.5 1 2
5 10
Favours control Favours itopride
Risk ratio
M-H, fixed, 95%CI

0.01 0.1
1
10
100
Favours control Favours itopride

Figure 2 Forest plot for global patient assessment (A), postprandial fullness (B) and adverse reactions (C) with itopride treatment for functional dyspepsia.
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tion of gastric dysmotility, visceral hypersensitivity, and psychological factors,
which causes delayed gastric emptying, abnormal gastric regulation, and aberrant myoelectricity. As many as 60% of FD patients have gastric dysmotility.
Itopride works by antagonizing dopamine D2-receptors and inhibiting acetylcholinesterase. In a multicentre, randomised, double-blind, placebo-controlled
trial, itopride significantly improved symptoms in patients with FD, and showed
a greater rate of response than placebo. However, it was recently reported that
itopride was not more effective in showing a difference in symptom response
from placebo in FD. Therefore, it is necessary to perform a comprehensive
meta-analysis to evaluate more objectively the efficacy and safety of itopride
in the treatment of FD.

In the Tally’s trial, the requirement that all patients had
to be H. pylori negative, exclusion of heartburn and
that the LDQ score needed to be > 9 at baseline meant
high intensity scores for the typical symptoms of pain
and fullness were needed for LDQ, all of which might
contribute to the high placebo response rate[12]. On the
other hand, the majority of dyspeptic subjects overlap
with heartburn symptoms as well as H. pylori infection,
and heartburn also is a predictor of response, so the exclusion criteria were much stricter in the Tally’s study, as
Veldhuyzen mentioned[27].
This meta-analysis covered a wide range of high-quality
articles, and all studies included were randomized controlled trials RCTs. In addition, the diagnostic criteria for
inclusion of articles were uniform. Considering publication
bias, that is, the disproportionate publication of research
articles with a positive result than of those with a negative
result, an effort was made to collect as full a range of related literature as possible through many different approaches
(including computer search, manual search, and literature
tracing), and repeated publications were excluded. All nine
studies included in this analysis had definitive inclusion criteria and baseline descriptions of sex, age, disease severity,
and concomitant medications of the population included,
and the ratios of the population in the study groups and
the control groups were reasonable.
However, the present study did have some limitations.
Firstly, the ethnic groups of the populations in the articles
were varied. Race and/or western lifestyle are important
risk factors[28,29]. Secondly, because of differences in trial
design, comparators used for the control group, and follow-up, there was a large degree of heterogeneity among
the studies included, as well as in the GPA, early satiation,
and LDQ scores. For this reason, a random effect model
was used for the meta-analysis, which probably affected
the results of the evaluation. Thirdly, Helicobacter pylori
may play a role in pathogenesis of functional dyspepsia[1].
However, seven of the FD trials included in this metaanalysis were from Asia, which has a higher prevalence of
Hp, and this probably affected the results.
In summary, the results of this meta-analysis suggest that itopride has therapeutic benefits with respect to
GPA, postprandial fullness, early satiation, and the LDQ
of FD patients, with a lower incidence of ADRs. However, because of the existence of heterogeneity, further
studies of more high-quality RCTs with consistent indicators are probably warranted to validate the safety and
efficacy of itopride.

Research frontiers

Although prokinetic agents are proven to improve symptoms in FD patients,
metoclopramide is associated with a high incidence of central nervous systemrelated adverse drug reactions, domperidone can elevate serum prolactin levels
and cause gynecomastia and galactorrhea, and cisapride has been withdrawn
due to safety concerns including high risk of prolonging the QT interval and
severe arrhythmias. It is essential to search for more effective and safe drugs.

Innovations and breakthroughs

The study comprehensively searched for all randomised controlled trials involving itopride in the treatment of FD, and used meta-analysis to analyze the effects and safety of itopride.

Applications

The results indicate that itopride has therapeutic benefits with respect to Global
Patient Assessment, postprandial fullness, early satiation, and the Leeds Dyspepsia Questionnaire of FD patients, with a lower incidence of adverse drug
reactions.

Peer review

The author investigated the efficacy of itopride for functional dyspepsia in a
meta-analysis. The article is overall easy to understand, and the method of
meta-analysis is correct. The results are interesting and suggest that itopride
shows good efficacy for the treatment of global patients assessment, postprandial fullness, and early satiety in patients with FD.
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Effect of dietary fiber on constipation: A meta analysis
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with 95%CI was used for dichotomous data. Both I
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statistic with a cut-off of ≥ 50% and the χ test with
a P value < 0.10 were used to deﬁne a signiﬁcant degree of heterogeneity.
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RESULTS: We searched 1322 potential relevant articles, 19 of which were retrieved for further assessment, 14 studies were excluded for various reasons,
five studies were included in the analysis. Dietary fiber
showed significant advantage over placebo in stool
frequency (OR = 1.19; 95%CI: 0.58-1.80, P < 0.05).
There was no significant difference in stool consistency, treatment success, laxative use and painful defecation between the two groups. Stool frequency were
reported by five RCTs, all results showed either a trend
or a significant difference in favor of the treatment
group, number of stools per week increased in treatment group than in placebo group (OR = 1.19; 95%CI:
0.58-1.80, P < 0.05), with no significant heterogeneity
2
among studies (I = 0, P = 0.77). Four studies evaluated stool consistency, one of them presented outcome in terms of percentage of hard stool, which was
different from others, so we included the other three
studies for analysis. Two studies reported treatment
success. There was significant heterogeneity between
2
the studies (P < 0.1, I > 50%). Three studies reported laxative use, quantitative data was shown in one
study, and the pooled analysis of the other two studies
showed no significant difference between treatment
and placebo groups in laxative use (OR = 1.07; 95%CI
0.51-2.25), and no heterogeneity was found (P = 0.84,
I 2= 0). Three studies evaluated painful defecation: one
study presented both quantitative and dichotomous
data, the other two studies reported quantitative and
dichotomous data separately. We used dichotomous
data for analysis.

Abstract
AIM: To investigate the effect of dietary fiber intake
on constipation by a meta-analysis of randomized controlled trials (RCTs).
METHODS: We searched Ovid MEDLINE (from 1946
to October 2011), Cochrane Library (2011), PubMed
for articles on dietary fiber intake and constipation using the terms: constipation, fiber, cellulose, plant extracts, cereals, bran, psyllium, or plantago. References
of important articles were searched manually for relevant studies. Articles were eligible for the meta-analysis if they were high-quality RCTs and reported data on
stool frequency, stool consistency, treatment success,
laxative use and gastrointestinal symptoms. The data
were extracted independently by two researchers (Yang
J and Wang HP) according to the described selection
criteria. Review manager version 5 software was used
for analysis and test. Weighted mean difference with
95%CI was used for quantitative data, odds ratio (OR)
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CONCLUSION: Dietary fiber intake can obviously increase stool frequency in patients with constipation.
It does not obviously improve stool consistency, treatment success, laxative use and painful defecation.
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of dietary fiber and constipation; (2) RCTs with a trial
quality greater than or equal to 3 points judged by Jadad
score; (3) constipation was defined by symptoms according to the Roma criteria or clinical diagnosis; (4) studies
reporting at least one of the following data: stool frequency, stool consistency, treatment success, laxative use,
gastrointestinal symptom; and (5) dietary fiber was used
as the only active intervention in treatment group.

Peer reviewer: Dr. Giuseppe Chiarioni, Gastroenterological

Rehabilitation Division of the University of Verona, Valeggio
sul Mincio Hospital, Azienda Ospedale di Valeggio s/M, 37067
Valeggio s/M, Italy
Yang J, Wang HP, Zhou L, Xu CF. Effect of dietary fiber on
constipation: A meta analysis. World J Gastroenterol 2012;
18(48): 7378-7383 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i48/7378.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i48.7378

Data extraction
The data were extracted independently by two researchers (Yang J and Wang HP) according to the described selection criteria. Disagreement was resolved by discussion
with the third person. The following data were extracted:
the ﬁrst author’s name, year of publication, study design,
interventional method, study period, sample size, outcomes, method used to generate the randomization, level
of blinding, withdrawn or drop-outs explanations.

INTRODUCTION
Constipation is a health problem that influences almost
20% of the world’s population[1]. It is a bothersome disorder which negatively affect the quality of life and increase the risk of colon cancer[2]. There are a wide-range
of treatment methods. Life-style modification, such as increased fluid intake or exercise, are usually recommended
as first-line treatment, but data on the effectiveness of
these measures are limited[3]. Laxatives are most commonly used for treatment of constipation, but frequent
use of these drugs may lead to some adverse effects[4,5], alternative treatment measure is, therefore, needed. Soluble
fiber absorbs water to become a gelatinous, viscous substance and is fermented by bacteria in the digestive tract.
Insoluble fiber has a bulking action[6]. Dietary fiber is the
product of healthful compounds and has demonstrated
some beneficial effect. Increase of dietary fiber intake
has been recommended to treat constipation in children
and adults[7-9]. In a large-population case-control study,
Rome found that dietary fiber intake was independently
negatively correlated with chronic constipation, despite
the age range and the age at onset of constipation[10]. Although there have been several randomized controlled
trials (RCTs) studying the relationship between dietary fiber and constipation, no definitive quantitative summary
is available, therefore we conducted a meta-analysis of
RCTs, and report it below.

Statistical analysis
Review manager version 5 software was used for all meta-analyses and tests for heterogeneity. Weighted mean
difference with 95%CI was used for quantitative data,
odds ratio with 95%CI was used for dichotomous data.
Both I2 statistic with a cut-off of ≥ 50% and the χ 2 test
with a P value < 0.10 were used to deﬁne a signiﬁcant
degree of heterogeneity. Random-effects model was applied. A two-tailed P < 0.05 was considered statistically
signiﬁcant.

RESULTS
We searched 1322 potential relevant articles, 19 of which
were retrieved for further assessment, and 14 studies were
excluded for the reasons as shown in Figure 1. As a result,
five studies were included, and the characteristics of the
included studies are listed in Table 1.
Stool frequency was reported by five RCTs[11-15]. Results showed either a trend or a significant difference in
favor of the treatment group, and an increased number
of stools per week in treatment group compared with the
placebo group [odds ratio (OR) = 1.19; 95%CI: 0.58-1.80,
P < 0.05], with no significant heterogeneity among the
studies (I2 = 0, P = 0.77). Of note, stool frequency was
expressed as median (interquartile range) in Chmielewska’
s study [14], and we used the formula to transform it into
mean ± SD (Figure 2A)[16].
Four studies evaluated stool consistency[12-15], one of
them presented outcome in terms of percentage of hard
stool[13], which was different from others, so we included
the other three studies for analysis. Results showed no
statistical difference between two groups (OR = 0.43;
95%CI: -0.24-1.11, P > 0.05), however substantial heterogeneity existed (P < 0.1, I2 > 75%) (Figure 2B).
Two studies reported treatment success[12,14]. The pooled
analysis (Figure 2C) for overall results found significant difference between groups (OR = 2.21; 95%CI: 0.35-12.69, P
> 0.05). There was significant heterogeneity between stud-

MATERIALS AND METHODS
Data selection
We searched Ovid MEDLINE (from 1946 to October
2011), Cochrane Library (2011) and PubMed to identify
RCTs studying dietary fiber and constipation. We used
the following terms: constipation as medical subject
headings and free text terms, which were combined with
fiber, cellulose, plant extracts, cereals, bran, psyllium or
plantago. References of important articles were searched
manually for relevant studies.
Study selection
Studies were included if they met the following criteria: (1)
studies investigating the association between the intake
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Table 1 Basic characteristics of included studies
Study

No. of
patients

Interventional method

24 (adults)

Bran 20 g (fiber 12.5 g) vs placebo

Trial design

Badiali et al[11]

Castillejo et al[13]

Double-blind
crossover
Double-blind
crossover
Double-blind

Chmielewska et al[14]
Staiano et al[15]

Double-blind
Double-blind

Loening-Baucke et al[12]

Duration Randomized allocation/double-blind/
Jadad score
(wk) description of withdrawn and dropouts
4

Y/Y/Y

4

31 (children) Glucomannan 100 mg/kg vs placebo

4

Y/Y/Y

5

48 (children) Fiber supplement 5.2 g (53.2% fiber)
2 or 4 sachets vs placebo
72 (children)
Glucomannan 2.52 g vs placebo
20 (children) Glucomannan 200 mg/kg vs placebo

4

Y/Y/Y

5

4
12

Y/Y/Y
Y/Y/Y

5
4

from 0 to 4, from 0 to 5 and from 0 to 7 in three included studies, respectively. Although the rating sequence is
unanimous, with a higher score indicating looser stools,
different scale range may still influence the final results.
Stool consistency was present as hard stool percentage
in another included study[13], 41.7% and 75% of the patients who received dietary fiber or placebo, respectively,
reported hard stools, the percentage being obviously
lower in the dietary fiber group.
Two high-quality RCTs compared dietary fiber with
lactulose for treatment of constipation[17,18], and found
that dietary fiber and lactulose achieved comparable
results in the treatment of childhood constipation. Dietary fiber is as effective as lactulose in improving stool
frequency, stool consistency and treatment success, however, no difference was observed in treatment success
between dietary fiber and placebo group in our metaanalysis. The possible reason was discussed. Constipation
condition was more severe in the patients in Chmielewska’s study, who had a lower baseline stool frequency per
week and a higher percentage of hard stool than the
studies mentioned above[17,18] and the other study[12] used
for analysis. It suggests that dietary fiber may not be so
effective in severe constipation and can only be used in
mild to moderate constipation, or perhaps the dosage of
glucomannan (2.52 g/d) used in Chmielewska’s study is
not high enough to exert effect. Nurko et al[19] suggested
that behavior modification, such as parental positive reinforcement and good patient-doctor relationship, may
have impact on the treatment outcome. So the effect of
dietary fiber on different grades of constipation should
be explored in further studies and it is also important to
balance the behavior factors in comparison.
Dichotomous data was used to analyze the laxative
use in our study, which can only reflect how many patients used the laxatives, but not indicate how often it was
used. Quantitative data about laxative use can better reflect the degree of dependence. If the time when laxative
was used is described, the outcome will be more useful
for overall analysis.
Gastrointestinal symptoms were reported by several
studies. Because data was presented by different methods, only painful defecation was analyzed, and results
showed that there was no significant difference between
dietary fiber and placebo groups.

Potential relevant studies (n = 1322)
Excluded by title and abstract (n = 1303)
Studies retrieved for evaluation (n = 19)
Excluded (n = 14)
No appropriate control arm = 3
No extractable data = 5
Self-reported constipation = 2
Low quality study = 1
Use laxatives in treatment group = 1
No full text available = 2
Studies eligible for inclusion (n = 5)

Figure 1 Study selection step.

ies (P < 0.1, I2 > 50%).
Three studies reported laxative use[12,14,15], quantitative
data was shown in one study[15], and the pooled analysis
(Figure 2D) of the other two studies showed no significant difference between treatment and placebo groups
in laxative use (OR = 1.07; 95%CI: 0.51-2.25, P = 0.85),
and no heterogeneity was present (P = 0.84, I2 = 0%).
Three studies evaluated painful defecation[11,14,15]: one
study presented both quantitative and dichotomous data[14],
the other two studies separately reported quantitative and
dichotomous data[11,15]. Evaluation method for quantitative
data was different, one used actual frequency, the other
two used frequency of occurrence (often/occasional/
none). We used dichotomous data for analysis. The pooled
estimate (Figure 2E) showed a nonsignificant trend in favor of treatment group (OR = 0.54; 95%CI: 0.15-1.91, P
= 0.34). No statistically significant heterogeneity was present, but I2 was moderate (P > 0.1, I2 = 43%).

DISCUSSION
This meta-analysis shows that the number of stools was
increased significantly in dietary fiber group. Results
demonstrated either a trend or a significant difference in
favor of dietary fiber group. As for stool consistency, the
overall results showed a trend in favor of fiber group,
but no statistical difference was found. The substantial
heterogeneity may influence the results, and the heterogeneity may be caused by different rating scale, ranging

WJG|www.wjgnet.com

7380

December 28, 2012|Volume 18|Issue 48|

Yang J et al . Dietary fiber and constipation

A

Weight

Mean difference
IV, random, 95%CI

24
31
24
36
10

14.3%
29.6%
14.9%
14.8%
26.5%

1.30 (-0.31, 2.91)
0.70 (-0.42, 1.82)
1.08 (-0.50, 2.66)
2.00 (0.41, 3.59)
1.30 (0.12, 2.48)

Total (95%CI)
125
125
Heterogeneity: t ² = 0.00; χ ² = 1.80, df = 4 (P = 0.77); I ² = 0%
Test for overall effect: Z = 3.83 (P = 0.0001)

100.0%

Study of subgroup
Badiali 1995
Loening-Baucke 2004
Castillejo 2006
Chmielewska 2011
Staiano 2000

B

6.4
4.5
6.16
6
4

3
2.3
3.35
3.7
1.3

24
31
24
36
10

Control
SD
Total

5.1
3.8
5.08
4
2.7

2.7
2.2
2.1
3.15
1.4

0.30 (-0.15, 0.75)
-0.10 (-0.59, 0.39)
1.10 (0.62, 1.58)

Total (95%CI)
77
77
100.0%
Heterogeneity: t ² = 0.30; χ ² = 12.26, df = 2 (P = 0.002); I ² = 84%
Test for overall effect: Z = 1.26 (P = 0.21)

0.43 (-0.24, 1.11)

Loening-Baucke 2004
Chmielewska 2011

0.9
1.1
0.5

31
36
10

Control
SD
Total

1.2
3.2
1.3

0.9
1
0.6

Experimental
Control
Events Total Events Total
14
20

31
36

4
21

31
36

31
36
10

Weight
47.2%
52.8%

Total (95%CI)
67
67 100.0%
Total events
34
25
Heterogeneity: t ² = 1.35; χ ² = 5.21, df = 1 (P = 0.02); I ² = 81%
Test for overall effect: Z = 0.82 (P = 0.41)

D

Study of subgroup
Loening-Baucke 2004
Chmielewska 2011

E

-10
-5
0
5
10
Favours experimental Favours control

33.9%
33.0%
33.1%

1.5
3.1
2.4

mean

Experimental
Control
Events Total Events Total
18
8

31
36

Odds ratio
M-H, random, 95%CI

7
10

16
28

12
7

16
19

43.9%
56.1%

Total (95%CI)
44
35 100.0%
Total events
17
19
Heterogeneity: t ² = 0.36; χ ² = 1.75, df = 1 (P = 0.19); I ² = 43%
Test for overall effect: Z = 0.96 (P = 0.34)

Odds ratio
M-H, random, 95%CI

0.01
0.1
1
Favours experimental
Odds ratio
M-H, random, 95%CI

1.07 (0.51, 2.25)

Weight

10

2.12 (0.35, 12.69)

Total (95%CI)
67
67 100.0%
Total events
27
26
Heterogeneity: t ² = 0.00; χ ² = 0.04, df = 1 (P = 0.84); I ² = 0%
Test for overall effect: Z = 0.19 (P = 0.85)

Experimental
Control
Events Total Events Total

5
Favours control

5.56 (1.57, 19.72)
0.89 (0.35, 2.27)

1.00 (0.36, 2.74)
1.17 (0.39, 3.47)

Badiali 1995
Chmielewska 2011

31
36

Mean difference
IV, random, 95%CI

-10
-5
0
Favours experimental

53.8%
46.2%

Study of subgroup

18
9

Weight

Mean difference
IV, random, 95%CI

1.19 (0.58, 1.80)

Mean difference
IV, random, 95%CI

Study of subgroup

Experimental
mean SD
Total

mean

Weight

Study of subgroup
Loening-Baucke 2004
Chmielewska 2011
Staiano 2000

C

Experimental
mean SD
Total

Odds ratio
M-H, random, 95%CI

0.01
0.1
1
Favours experimental
Odds ratio
M-H, random, 95%CI

10
100
Favours control

10
100
Favours control

Odds ratio
M-H, random, 95%CI

0.26 (0.06, 1.16)
0.95 (0.28, 3.20)
0.54 (0.15, 1.91)
0.01
0.1
1
Favours experimental

10
100
Favours control

Figure 2 Pooled estimate of odds ratio and 95%CI. A: Stool frequency; B: Stool consistency; C: Treatment success; D: Laxative use; E: Painful defecation. IV:
Iverse variance; M-H: Mantel-Haenszel.

We used rigid research methods and described search
strategy, eligibility criteria and data extraction method in
detail. We included high-quality studies (Jadad score ≥ 3)
into the analysis. Because of the strict selection criteria,
only five small sample-sized studies were included. Definite heterogeneity existed in the analysis. Neurologically
impaired children were included, although no difference
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was present between dietary fiber and placebo groups
during baseline period, disease itself can interfere with
the outcome. Some of the studies are limited to pediatric
patients, stool withholding and stool toileting refusal often occurred[20], which is uncommon among constipated
adults, although no heterogeneity was found in the analysis of stool frequency, potential limitation still existed. As
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Terminology

scarce data of gastrointestinal syndromes was reported,
and different evaluation and presentation methods were
used, less data can be used for the analysis.
There were meta-analyses examining the efficacy of
fiber in constipation previously, in which data of fiber and
laxative were pooled for analysis[21,22]. Recently, a systematic review of the efficacy of fiber in the management
of chronic idiophic constipation was published[23], six
RCTs were included, four RCTs compared the effect of
soluble fiber with placebo[24-27], and one study[27] used the
combined intervention with celandine, aloevera and psyllium. Celandin and aloevera contain several alkaloids with
known aperient effect, which may influence the outcome
of the patients. Of the two trials examining the effect of
insoluble fiber[11,28], one trial[28] recruited patients with selfreported constipation, subjective error may be more obvious when the outcome was assessed by non-medical staff.
In summary, our meta-analysis demonstrated that
dietary fiber can obviously increase stool frequency in
patients with constipation. The result also showed that
dietary fiber did not obviously improve stool consistency,
treatment success, laxative use and painful defecation.
However, there were some possible influential factors such
as small sample-sized studies, severity of constipation, assessment method for outcomes, etc. So further large trials
examining the effect of dietary fiber in the treatment of
constipation are needed, the possible influential factors
should be taken into consideration, and more gastrointestinal symptoms and adverse events should be reported
before dietary fiber was formally recommended.

Constipation: Present with any two of the six symptoms of less than 3 defecations per week, straining, lumpy or hard stools, sensation of incomplete evacuation, sensation of anorectal obstruction or blockage, digital maneuvers; Dietary
fiber: Dietary fiber is a broad category of non-digestible food ingredients that
includes non-starch polysaccharides, oligosaccharides, lignin, and analogous
polysaccharides with an associated healthful benefit.

Peer review

The effectiveness of dietary fiber on constipation is inconsistent. So far no definitive quantitative summary is available. This is a well performed meta-analysis, in
which the authors analyzed the effect of dietary fiber in constipation. The results
are interesting and suggest that dietary fiber intake is a potential therapeutic
method that could be used in preventing and treating constipation. This analysis
provides valuable information for further trials and clinical application.
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META-ANALYSIS

Effectiveness of 5-flurouracil-based neoadjuvant
chemotherapy in locally-advanced gastric/gastroesophageal
cancer: A meta-analysis
Lei Ge, Hai-Jiang Wang, Dong Yin, Cheng Lei, Jin-Feng Zhu, Xiao-Hui Cai, Guo-Qing Zhang
troesophageal and gastric cancer. Safety analyses were
also performed. The OR was the principal measurement
of effect, which was calculated as the treatment group
(NAC plus surgery) vs control group (surgery alone)
and was presented as a point estimate with 95% confidence intervals (CI). All calculations and statistical tests
were performed using RevMan 5.1 software.
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RESULTS: Seven RCTs were included for the analysis.
A total of 1249 patients with advanced gastroesophageal and gastric cancer enrolled in the seven trials were
divided into treatment group (n = 620) and control
group (n = 629). The quality scores of the RCTs were
assessed according to the method of Jadad. The RCT
quality scores ranged from 2 to 7 (5-point scale), with
a mean of 3.75. The median follow-up time in these
studies was over 3 years. The meta-analysis showed
that NAC improved the overall survival rate (OR 1.40,
95%CI 1.11-1.76; P = 0.005), which was statistically significant. The 3-year progression-free survival
rate was significantly higher in treatment group than
in control group (37.7% vs 27.3%) (OR 1.62, 95%CI
1.21-2.15; P = 0.001). The tumor down-stage rate was
higher in treatment group than in control group (55.76%
vs 41.38%) (OR 1.77, 95%CI 1.27-2.49; P = 0.0009)
and the R0 resection rate of the gastroesophageal and
gastric cancer was higher in treatment group than in
control group (75.11% vs 68.56%) (OR 1.38, 95%CI
1.03-1.85; P = 0.03), with significant differences. No
obvious safety concerns about mortality and complications were raised in these trials. There were no statistically significant differences in perioperative mortality
(5.08% vs 4.86%) (OR 1.05, 95%CI 0.57-1.94; P =
0.87 fixed-effect model) and in the complication rate
between the two groups (13.25% vs 9.66%) (OR 1.40,
95%CI 0.91-2.14; P = 0.12 fixed-effect model). Trials
showed that patients from Western countries favored
NAC compared with those from Asian countries (OR
1.40, 95%CI 1.07-1.83). Monotherapy was inferior to

Abstract
AIM: To investigate the effectiveness of 5-flurouracilbased neoadjuvant chemotherapy (NAC) for gastroesophageal and gastric cancer by meta-analysis.
METHODS: MEDLINE and manual searches were performed to identify all published randomized controlled
trials (RCTs) investigating the efficacy of the flurouracilbased NAC for gastroesophageal and gastric cancer,
and RCTs of NAC for advanced gastroesophageal and
gastric cancer vs no therapy before surgery. Studies
that included patients with metastases at enrollment
were excluded. Primary endpoint was the odds ratio
(OR) for improving overall survival rate of patients
with gastroesophageal and gastric cancer. Secondary
endpoints were the OR of efficiency for down-staging
tumor and increasing R0 resection in patients with gas-
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troesophageal cancers. However, the optimal approach
in individual patients is not clear and remains controversial[7,8]. The aim of the current meta-analysis under such
circumstances was to evaluate the effectiveness of NAC
in treatment of gastric and gastroesophageal cancers and
explore the optimal strategy for chemotherapy delivery.

multiple chemotherapy (OR 1.40, 95%CI 1.07-1.83).
Intravenous administration of NAC was more advantageous than oral route (OR 1.41, 95%CI 1.09-1.81).
CONCLUSION: Flurouracil-based NAC can safely improve overall survival rate of patients with gastroesophageal/gastric cancer. Additionally, NAC can down the
tumor stage and improve R0 resection.

MATERIALS AND METHODS

© 2012 Baishideng. All rights reserved.

Data collection and selection
MEDLINE and manual searches were carried out to
identify all published RCTs that compared the flurouracilbased NAC plus surgery with surgery alone for advanced
gastric and gastroesophageal cancers. The search was done
on PudMed using three sets of terms: “esophagogastric
junction/gastroesophageal/gastric”; “carcinoma/cancer”;
and “neoadjuvant chemotherapy/preoperative chemotherapy”. A limit was set on the randomized controlled
trials (RCTs) and the terms were set to title/abstract.

Key words: Gastroesophageal cancer; Gastric cancer;
Neoadjuvant chemotherapy; Meta-analysis
Peer reviewer: Oscar Joe Hines, MD, FACS, Professor, Direc-

tor, Surgery Residency Program, Department of Surgery, UCLA
School of Medicine, 10833 Le Conte Ave, Los Angeles, CA
90095-6904, United States
Ge L, Wang HJ, Yin D, Lei C, Zhu JF, Cai XH, Zhang GQ. Effectiveness of 5-flurouracil-based neoadjuvant chemotherapy in
locally-advanced gastric/gastroesophageal cancer: A meta-analysis. World J Gastroenterol 2012; 18(48): 7384-7393 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v18/
i48/7384.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i48.7384

Inclusion criteria
The following inclusion criteria were used: (1) RCTs that
compared the flurouracil-based NAC plus surgery with
no treatment before surgery for gastric and gastroesophageal cancers; (2) blindness of the trial was not required;
(3) patients with pathologically diagnosed esophagogastric junction or gastric adenocarcinoma, without prior
treatment before entering the trial, but with a history of
potentially curative surgery; and (4) studies which were
considered updated.

INTRODUCTION
Gastric and esophageal cancers are among the leading
causes of cancer-related death worldwide[1,2]. In spite of
a declining incidence of the distal stomach cancer in the
Western countries over the past decades, the incidence
of adenocarcinoma of the lower esophagus and the
gastroesophageal junction has dramatically increased in
the world[3]. Early-stage gastric and gastroesophageal
cancers are curable with surgical treatment alone, with a
5-year overall survival rate of 90%. However, the majority of gastric and gastroesophageal cancer patients are
diagnosed with advanced diseases (stages Ⅲ or Ⅳ)[4]. The
advanced gastric and gastroesophageal cancer without
distant metastasis is still a potentially curable disease,
but the prognosis is poorer than the early-stage diseases.
Treatment of advanced gastroesophageal cancer is still a
challenge for gastrointestinal surgeons. Localized tumors,
limited to the submucosa, can be best treated surgically,
with a long-term survival of 70%-95%, but the prognosis
of locally advanced tumors is poor due to a high unresectability rate at presentation, and a much higher relapse
rate after radical surgery[5,6], thus demanding further studies regarding neoadjuvant treatment.
Theoretically, the administration of the neoadjuvant
chemotherapy (NAC) appears to have several potential
benefits for gastroesophageal and gastric cancers: to reduce
the tumor volume, to improve the R0 resection rate, to
act on micrometastases and to evaluate tumor chemosensitivity to cytotoxic medications. Randomized trials and
meta-analyses have demonstrated a benefit with neoadjuvant or perioperative chemotherapy in gastric and gas-
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Exclusion criteria
(1) Studies on preoperative radiotherapy or immunotherapy; and (2) studies with the control group receiving
chemotherapy were excluded.
The data of each RCT were collected by two reviewers (Zhang GQ and Wang HJ) independently. The results
were consistent.
Data checking and assessment
Methodological quality of trials was evaluated using the
modified Jadad quality scores[9], which include secure
method of randomization, allocation concealment, double-blinding, and information on withdrawals, and losses
to follow-up. Based on these criteria, the studies were divided into high-quality group (score ≥ 3) and low-quality
group (score ≤ 2). Two reviewers independently assessed
the eligibility of each trial.
Data extraction
The following data were extracted from each study and
recorded using a predesigned form: authors, year of publication, patient population, country of investigators, sample size (total, eligible, and per arm), chemotherapy regimen, cycles of chemotherapy, follow-up period, curative
effect (survival rate, rate of macroscopic radical resection
and cancer stage at pathological examination), and adverse
events. Two reviewers did the extraction independently.
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Table 1 Characteristics of the included studies in the meta-analysis
No.
1
2
3
4
5
6
7

Authors and year of publication
Schuhmacher et al[15], 2010
Boige et al[11], 2011
Cunningham et al[12], 2006
Hartgrink et al[13], 2004
Zhang et al[17], 2004
Kobayashi et al[14], 2000
Wang et al[16], 2000

Patients (n )

Country

Treatment group

Control group

Treatment

Control

Pre-op

Post-op

Pre-op

Post-op

72
113
250
27
37
91
30

72
111
253
29
54
80
30

5-FU + DDP
FP
ECF
FAMTX
IV (no details)
5-FU (oral)
5-FU (oral)

None
FP
ECF

None
None
None
None
None
None
None

None
None
None
None
None
None
None

Germany
France
United Kingdom
Holland
China
Japan
China

CT

5-FU: 5-fluorouracil; DDP: Cisplatin; FP: 5-FU/cisplatin; ECF: Epirubicin/cyclophosphamide/5-FU; FAMTX: 5-FU/adriamycin/methotrexate; CT: Chemotherapy; IV: Intravenous; Pre-op: Preoperative; Post-op: Postoperative.

Table 2 Origin of the included studies and Jadad score
No.

Authors
[15]

1

Schuhmacher et al

2

Boige et al[11]

3
4
5
6
7

Cunningham et al[12]
Hartgrink et al[13]
Zhang et al[17]
Kobayashi et al[14]
Wang et al[16]

Titles

Jadad score

Neoadjuvant chemotherapy compared with surgery alone for locally advanced cancer of the stomach and cardia:
European Organization for Research and Treatment of Cancer randomized trial 40954
Perioperative chemotherapy compared with surgery alone for resectable gastroesophageal adenocarcinoma: an
FNCLCC and FFCD multicenter phase Ⅲ trial
Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer
Neoadjuvant chemotherapy for operable gastric cancer: long-term results of the Dutch randomized FAMTX trial
Clinical significance of preoperative regional intra-arterial infusion chemotherapy for advanced gastric cancer
Long-term outcome of preoperative chemotherapy with 5'-deoxy-5-fluorouridine (5'-DFUR) for gastric cancer
A favorable impact of preoperative FPLC chemotherapy on patients with gastric cardia cancer

4
4
7
5
2
3
3

FAMTX: 5-FU/adriamycin/methotrexate; FPLC: Fluorouracili polyphase liposome composita pro orale; FNCLCC: Fe´de´ ration Nationale des Centres de
Lutte Contrele Cancer; FFCD: Fe´de´ ration Francophonede Cance´ rologie Digestive Collaborative Groups.

Meta-analysis protocol
Data were obtained directly from included articles or calculated by percentage in each article. The meta-analysis
was performed using Review Manager 5.1 software (provided by Cochrane Collaboration). Outcomes assessed by
this meta-analysis included the overall survival, three-year
progression-free survival rate, tumor down-staging rate,
R0 resection rate, safety analysis and subgroup analysis.
Overall survival was defined as the time between the
treatment randomization and the date of the last followup or of the patient’s death. Patients who were lost to
follow-up were considered as dead. Locoregional recurrence was measured either from the date of treatment
randomization to the occurrence of the event or to the
date of last follow-up. Heterogeneity between the trials
was assessed to determine which model would be used
in the meta-analysis. A sensitivity analysis was performed
by changing the meta-analysis model. An odds ratio (OR)
was the principal measurement of effect. It was calculated as the treatment group vs the control group.

RESULTS
Eligible trials
Seven RCTs were identified, and the quality scores of the
RCTs were assessed according to the method of Jadad.
The details are shown in Table 1. The RCT quality scores
ranged from 2 to 7 (5-point scale), with a mean of 3.75
(Tables 2 and 3).
Overall survival rates
There was no significant heterogeneity between the trials
(P = 0.52), and the fixed effects model was used. The data
in the seven studies[11-17] were available for the analysis of
overall survival. There were 620 patients in the treatment
group and 629 patients in the control group in this metaanalysis. The median follow-up time was over three years.
The OR, expressed as treatment group vs control group,
was 1.40 (95%CI 1.11-1.76; P = 0.005). The difference
of the overall survival between the treatment group and
the control group was statistically significant. The overall
survival was increased by 7.96% in the treatment group
compared with the control group (Figure 1A). The number needed to treat (NNT) was 12. A sensitivity analysis
was performed by changing the effect model into the
random effect model. The results showed that the confidence interval of the odds ratio did not lie across the
non-effect line, and the difference of the overall survival
was statistically significant between the treatment group

Statistical analysis
All statistical analysis were performed spontaneously using Review Manager 5.1 software[10]. Heterogeneity between the trials was assessed using Chi-square test. The
OR was presented with a 95%CI. I2 statistics was used
for the degree of heterogeneity evaluation, and P < 0.05
was considered statistically significant.
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Table 3 Quality assessment of the included trials
Authors and year of publication

Randomization

Allocation concealment

Blinding

Withdrawal and dropout

Jadad score

Schuhmacher et al[15], 2010
Boige et al[11], 2011
Cunningham et al[12], 2006
Hartgrink et al[13], 2004
Zhang et al[17], 2004
Kobayashi et al[14], 2000
Wang et al[16], 2000

Without details
Without details
Well reported
Well reported
Without details
Well reported
Without details

Without details
Without details
Envelope
Envelope
None
Envelope
Without details

Without details
Without details
Double-blind
No
No
No
No

Well reported
Well reported
Well reported
Well reported
Well reported
Well reported
Well reported

4
4
7
5
2
3
3

A

Treatment
Events
Total
42
113
101
250

Study or subgroup
[11]
Boige et al
[12]
Cunningham et al
[13]

Hartgrink et al
[14]
Kobayashi et al
[15]
Schuhmacher et al
[16]
Wang et al
[14]
Zhang et al

6
57
40
12
19

Control
Events
Total
26
111
83
253

Odds ratio
M-H, fixed, 95%CI
1.93 [1.08, 3.46]
1.39 [0.96, 2.00]

10
49
35
7
21

29
80
72
30
54

6.2%
16.1%
12.9%
3.5%
6.9%

0.54 [0.17, 1.78]
1.06 [0.57, 1.97]
1.32 [0.69, 2.55]
2.19 [0.72, 6.70]
1.66 [0.71, 3.86]

Total (95%CI)
620
Total events
277
231
2
2
Heterogeneity: χ = 5.21, df = 6 (P = 0.52), I = 0%
Test for overall effect: Z = 2.81 (P = 0.005)

629

100.0%

1.40 [1.11, 1.76]

B

27
91
72
30
37

Weight
13.7%
40.7%

Treatment
Events
Total
42
113
101
250

0.01

Weight
16.1%
41.1%

Odds ratio
M-H, random, 95%CI
1.93 [1.08, 3.46]
1.39 [0.96, 2.00]

29
80
72
30
54

3.9%
14.2%
12.7%
4.4%
7.6%

0.54 [0.17, 1.78]
1.06 [0.57, 1.97]
1.32 [0.69, 2.55]
2.19 [0.72, 6.70]
1.66 [0.71, 3.86]

Total (95%CI)
620
629
Total events
277
231
2
2
2
Heterogeneity: Tau = 0.00; χ = 5.21, df = 6 (P = 0.52), I = 0%
Test for overall effect: Z = 2.80 (P = 0.005)

100.0%

1.40 [1.11, 1.76]

Study or subgroup
[11]
Boige et al
[12]
Cunningham et al
[13]

Hartgrink et al
[14]
Kobayashi et al
[15]
Schuhmacher et al
[16]
Wang et al
[17]
Zhang et al

6
57
40
12
19

Control
Events
Total
26
111
83
253

27
91
72
30
37

10
49
35
7
21

0.01

Odds ratio
M-H, fixed, 95%CI

0.1
1
10
100
Favors control
Favors treatment
Odds ratio
M-H, random, 95%CI

0.1
1
10
100
Favors control
Favors treatment

Figure 1 Effect of neoadjuvant chemotherapy on overall survival rate. A: Overall survival rate (fixed effects model); B Overall survival rate (random effects model).

Three-year progression-free survival rate
Three studies[11,12,15] compared the 3-year progression-free
survival (PFS) rates between the two groups. The 3-year PFS
rate was higher in treatment group than in control group
(37.7% vs 27.3%), (OR 1.62, 95%CI 1.21, 2.15; P = 0.001,
fixed-effect model) and NNT was 10 (Figure 3A and B).

0.0

SE (log [OR])

0.2
0.4
0.6

Figure 2 Publication bias in the included studies. Funnel plot analysis of
potential publication bias. OR: Odds ratio.

Tumor down-staging rate
Three studies[12,13,15] describing the pathological staging
of gastroesophageal and gastric cancers after resection
(269 in treatment group and 290 in control group) were
included in the analysis. The rate of pT1-2 was higher
in treatment group than in control group (55.76% vs
41.37%) (OR 1.77, 95%CI 1.27, 2.49; P = 0.0009, fixedeffect model) and the NNT was 7 (Figure 4A and B).

and the control group when the random effect model
was used. The fixed effect model and the random effect
model were used respectively to evaluate the sensitivity
of the results of the analysis (Figures 1B and 2).

R-0 resection rate
The resection rate of gastroesophageal and gastric cancers was reported in four trials[11,12,13,15]. Since no obvious
heterogeneity was observed in these studies (P = 0.31, I2

0.8
1.0

0.01

0.1

1
OR
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A

Study or subgroup
[11]
Boige et al
[12]
Cunningham et al
Schuhmacher et al

[15]

Treatment
Events
Total
45
113
87
250
72

Weight
23.2%
55.6%

Odds ratio
M-H, fixed, 95%CI
1.96 [1.11, 3.47]
1.61 [1.09, 2.37]

28

72

21.2%

1.26 [0.65, 2.44]

Total (95%CI)
435
Total events
164
119
2
2
Heterogeneity: χ = 0.99, df = 2 (P = 0.61), I = 0%
Test for overall effect: Z = 3.27 (P = 0.001)

436

100.0%

1.62 [1.21, 2.15]

B

32

Control
Events
Total
28
111
63
253

Weight
25.5%
55.7%

Odds ratio
M-H, random, 95%CI
1.96 [1.11, 3.47]
1.61 [1.09, 2.37]

72

18.8%

1.26 [0.65, 2.44]

Total (95%CI)
435
436
Total events
164
119
2
2
2
Heterogeneity: Tau = 0.00; χ = 0.99, df = 2 (P = 0.61), I = 0%
Test for overall effect: Z = 3.27 (P = 0.001)

100.0%

1.62 [1.21, 2.16]

Study or subgroup
[11]
Boige et al
[12]
Cunningham et al
Schuhmacher et al

[15]

Treatment
Events
Total
45
113
87
250

0.01

32

72

Control
Events
Total
28
111
63
253
28

0.01

Odds ratio
M-H, fixed, 95%CI

0.1
1
10
100
Favors control
Favors treatment
Odds ratio
M-H, random, 95%CI

0.1
1
10
100
Favors control
Favors treatment

Figure 3 Effect of neoadjuvant chemotherapy in progression free survival rate. A: Progression free survival rate (fixed effects model); B Progression free survival rate (random effects model).

A

Study or subgroup
[12]
Cunningham et al
[13]

Hartgrink et al
[15]
Schuhmacher et al

Treatment
Events
Total
89
172
27
70

Weight
63.9%

Odds ratio
M-H, fixed, 95%CI
1.84 [1.21, 2.80]

15
34

29
68

12.7%
23.4%

1.17 [0.41, 3.34]
1.92 [0.97, 3.80]

Total (95%CI)
269
Total events
150
120
2
2
Heterogeneity: χ = 0.69, df = 2 (P = 0.71), I = 0%
Test for overall effect: Z = 3.33 (P = 0.0009)

290

100.0%

1.77 [1.27, 2.49]

B

15
46

Control
Events
Total
71
193

Weight
65.3%

Odds ratio
M-H, random, 95%CI
1.84 [1.21, 2.80]

29
68

10.3%
24.4%

1.17 [0.41, 3.34]
1.92 [0.97, 3.80]

Total (95%CI)
269
290
Total events
150
120
2
2
2
Heterogeneity: Tau = 0.00; χ = 0.69, df = 2 (P = 0.71), I = 0%
Test for overall effect: Z = 3.32 (P = 0.0009)

100.0%

1.77 [1.27, 2.49]

Study or subgroup
[12]
Cunningham et al
[13]

Hartgrink et al
[15]
Schuhmacher et al

Treatment
Events
Total
89
172

0.01

15
46

27
70

Control
Events
Total
71
193
15
34

0.01

Odds ratio
M-H, fixed, 95%CI

0.1
1
10
100
Favors control
Favors treatment
Odds ratio
M-H, random, 95%CI

0.1
1
10
100
Favors control
Favors treatment

Figure 4 Effect of neoadjuvant chemotherapy in tumor down-staging. A: Tumor down-staging rate (fixed effects model); B Tumor down-staging rate (random effects model).

ies[11,12,15] reported perioperative mortality with no statistically significant difference (P = 0.87) between the two
groups (5.08% vs 4.86%), (OR 1.05, 95%CI 0.57-1.94,
fixed-effect model) (Figures 6 and 7).

= 17%), the fixed-effect model was used. The R0 resection rate of the gastroesophageal and gastric cancers was
higher in treatment group than in control group (OR 1.38,
95%CI 1.03-1.85, P = 0.03, fixed-effect model) and the
NNT was 15 (Figure 5A and B).

Subgroup analysis
Factors that might influence the results in the two groups
were studied (Figure 8). When the overall survival rate
was set as the end point, gastroesophageal and gastric
cancer patients were benefited more from perioperative
chemotherapy than from NAC alone (OR 1.40, 95%CI
1.11-1.76, NNT = 12). Trials showed that patients from
Western countries favored NAC compared with those
from Asian countries (OR 1.40, 95%CI 1.07-1.83).

Safety analysis
Safety analysis included both chemotherapy-induced adverse effects (grade 3/4, defined according to the Common Toxicity Criteria of the National Cancer Institute,
version 2.0) and postoperative complication and mortality. Two studies reported[11,12] grade 3/4 adverse effects
of NAC, including gastrointestinal side effect in 18.1 %
(60/332) and leukopenia in 9.9% (33/332). Three stud-
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A

Study or subgroup
[11]
Boige et al
[12]
Cunningham et al
[13]

Hartgrink et al
[15]
Schuhmacher et al

Treatment
Events
Total
95
113
169
244
27
70

Weight
16.9%
65.3%

Odds ratio
M-H, fixed, 95%CI
1.95 [1.02, 3.76]
1.14 [0.78, 1.66]

19
48

29
68

7.9%
9.9%

1.05 [0.35, 3.19]
2.23 [0.98, 5.12]

Total (95%CI)
454
Total events
341
314
2
2
Heterogeneity: χ = 3.59, df = 3 (P = 0.31), I = 17%
Test for overall effect: Z = 2.16 (P = 0.03)

458

100.0%

1.38 [1.03, 1.85]

B

18
59

Control
Events
Total
81
111
166
250

Weight
23.3%
52.0%

Odds ratio
M-H, random, 95%CI
1.95 [1.02, 3.76]
1.14 [0.78, 1.66]

29
68

9.2%
15.6%

1.05 [0.35, 3.19]
2.23 [0.98, 5.12]

Total (95%CI)
454
458
Total events
341
314
2
2
2
Heterogeneity: Tau = 0.02; χ = 3.59, df = 3 (P = 0.31), I = 17%
Test for overall effect: Z = 2.00 (P = 0.05)

100.0%

1.42 [1.01, 2.02]

Study or subgroup
[11]
Boige et al
[12]
Cunningham et al
[13]

Hartgrink et al
[15]
Schuhmacher et al

Treatment
Events
Total
95
113
169
244

0.01

18
59

27
70

Control
Events
Total
81
111
166
250
19
48

0.01

Odds ratio
M-H, fixed, 95%CI

0.1
1
10
100
Favors control
Favors treatment
Odds ratio
M-H, random, 95%CI

0.1
1
10
100
Favors control
Favors treatment

Figure 5 Effect of neoadjuvant chemotherapy in tumor R-0 resection. A: R-0 resection rate (fixed effects model); B: R-0 resection rate (random effects model).

A

Study or subgroup
[11]
Boige et al
[12]

Cunningham et al
[15]
Schuhmacher et al

Treatment
Events
Total
5
113
14
3

250
70

Total (95%CI)
433
Total events
22
2
2
Heterogeneity: χ = 0.90, df = 2 (P = 0.64), I = 0%
Test for overall effect: Z = 0.16 (P = 0.87)

B

15
1

Weight
24.3%

Odds ratio
M-H, fixed, 95%CI
0.98 [0.28, 3.49]

253
68

70.8%
4.9%

0.94 [0.44, 1.99]
3.00 [0.30, 29.58]

432

100.0%

1.05 [0.57, 1.94]
0.01

Odds ratio
M-H, random, 95%CI
0.98 [0.28, 3.49]

253
68

68.6%
7.4%

0.94 [0.44, 1.99]
3.00 [0.30, 29.58]

Total (95%CI)
433
432
Total events
22
21
2
2
2
Heterogeneity: Tau = 0.00; χ = 0.90, df = 2 (P = 0.64), I = 0%
Test for overall effect: Z = 0.11 (P = 0.91)

100.0%

[12]

Cunningham et al
[15]
Schuhmacher et al

14
3

250
70

Odds ratio
M-H, fixed, 95%CI

21

Weight
24.0%

Study or subgroup
[11]
Boige et al

Treatment
Events
Total
5
113

Control
Events
Total
5
111

Control
Events
Total
5
111
15
1

0.1
1
10
100
Favors control
Favors treatment
Odds ratio
M-H, random, 95%CI

1.04 [0.56, 1.93]
0.01

0.1
1
10
100
Favors control
Favors treatment

Figure 6 Effect of neoadjuvant chemotherapy in perioperative mortality. A: Perioperative mortality rate (fixed effects model); B: Perioperative mortality rate (random
effects model).

Monotherapy was inferior to multiple chemotherapy (OR
1.40, 95%CI 1.07-1.83). Intravenous administration of
NAC was more advantageous than oral route (OR 1.41,
95%CI 1.09-1.81) (Figure 7).

geal and gastric cancers (stage III-IVB) without evidence
of distant metastasis are potentially curable, but these tumors usually present with a more advanced stage and are
associated with a worse prognosis[19], and a combination
therapy, including surgery, chemotherapy and radiotherapy, is often needed. Chemotherapy is an adjuvant treatment modality in the form of adjuvant chemotherapy,
NAC and concomitant chemoradiotherapy[20]. NAC has
several advantages: (1) it is well tolerated; (2) it can better
control the micrometastasis[21]; and (3) it might downstage
the tumor to the greatest extent and increase the probability of R0 resection so as to facilitate the surgery[22,23],
thus improving the survival rate of the patients with gastroesophageal and gastric cancer. However, it might delay

DISCUSSION
Gastric cancer remains to be an important health issue
worldwide. Over the past two decades, the incidence of
distal gastric cancer has been decreased, but the incidence of proximal and esophagogastric junction cancers
has been increased significantly[18]. The treatment of the
gastroesophageal and gastric cancer is dependent on the
TMN staging of the tumor. The advanced gastroesopha-
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A

Study or subgroup
[11]
Boige et al
[12]
Cunningham et al
Schuhmacher et al
[17]
Zhang et al

[15]

Treatment
Events
Total
28
109
10
229
19
2

70
37

Total (95%CI)
445
Total events
59
2
2
Heterogeneity: χ = 1.43, df = 3 (P = 0.70), I = 0%
Test for overall effect: Z = 1.55 (P = 0.12)

B

11
3

Weight
43.0%
28.2%

Odds ratio
M-H, fixed, 95%CI
1.47 [0.77, 2.78]
0.97 [0.40, 2.32]

68
54

22.5%
6.4%

1.93 [0.84, 4.44]
0.97 [0.15, 6.12]

476

100.0%

1.40 [0.91, 2.14]
0.01

Odds ratio
M-H, random, 95%CI
1.47 [0.77, 2.78]
0.97 [0.40, 2.32]

68
54

26.3%
5.4%

1.93 [0.84, 4.44]
0.97 [0.15, 6.12]

Total (95%CI)
445
476
Total events
59
46
2
2
2
Heterogeneity: Tau = 0.00; χ = 1.43, df = 3 (P = 0.70), I = 0%
Test for overall effect: Z = 1.53 (P = 0.13)

100.0%

1.40 [0.91, 2.14]

Schuhmacher et al
[17]
Zhang et al

[15]

19
2

27
70

Odds ratio
M-H, fixed, 95%CI

46

Weight
44.5%
23.8%

Study or subgroup
[11]
Boige et al
[12]
Cunningham et al

Treatment
Events
Total
28
109
10
229

Control
Events
Total
21
110
11
244

Control
Events
Total
21
110
11
244
11
3

0.1
1
10
100
Favors control
Favors treatment
Odds ratio
M-H, random, 95%CI

0.01

0.1
1
10
100
Favors control
Favors treatment

Figure 7 Effect of neoadjuvant chemotherapy in postoperative complications. A: Postoperative complications rate (fixed effects model); B: Postoperative complications rate (random effects model).

Study or subgroup
3.1.1 Area
Asian

Treatment
Events
Total

Control
Events
Total

Odds ratio
M-H, fixed, 95%CI

88

158

77

164

1.42 [0.92, 2.20]

Western

189

462

154

465

1.40 [1.07, 1.83]

3.1.2 Regimen
Monotherapy
Multipletherapy

69
189

121
462

56
154

110
465

1.28 [0.76, 2.15]
1.40 [1.07, 1.83]

3.1.3 Intervention
IV
Oral

208
69

499
121

175
56

519
110

1.41 [1.09, 1.81]
1.28 [0.76, 2.15]

3.1.4 Perio chemotherapy whether or not
NAC alone
77
166
Perio chemotherapy
200
454

73
158

185
444

1.33 [0.87, 2.03]
1.43 [1.09, 1.86]

Odds ratio
M-H, fixed, 95%CI

0.01

0.1
1
10
100
Favors control
Favors treatment

Figure 8 Subgroup analysis showing different overall survival rates in patients with advanced gastric cancer.

the curative treatment if the tumor does not respond to
the NAC, which is also costly and may be detrimental
to the patients. Theoretically, NAC can increase the survival rate and improve the quality of life of the patients.
However, the meta-analysis by Him[8] failed to show the
benefit of NAC in patient survival. Li ’s study[7] demonstrated a minor but significant benefit in patient survival.
The result coincided with our studies, which shows that
5-flurouracil-based NAC has a benefit on the overall survival of gastroesophageal and gastric cancer patients. Our
meta-analysis demonstrated the feasibility of NAC for
locally gastroesophageal and gastric cancer patients. NAC
could downstage the tumor (NNT = 7) and increase the
R0 rate of gastric cancer (NNT = 15). To examine the
role of NAC alone in improving the overall survival rate

WJG|www.wjgnet.com

of gastroesophageal and gastric cancer patients who did
not receive postadjuvant chemotherapy, data from four
trials[13,15-17] were further analyzed, showing that NAC had
no effect on the overall survival rate of gastroesophageal
and gastric cancer patients (OR 1.34, 95%CI 0.87-2.06).
These may contribute to the factors that the included
studies had a very small sample size with different followup time, different cycles of treatment as well as different
tumor locations, which could be too underpowered to
demonstrate any positive results. Alternatively, this might
be attributed to the fact that currently used preoperative
chemotherapeutic agents may not be effective enough
to eradicate micrometastases. No clear conclusion could
be reached as yet about the effect of NAC alone on
the overall survival rate of gastroesophageal and gastric
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cancer patients. Fortunately, the perio chemotherapy
shows some effect in the overall survival rate of gastroesophageal and gastric cancer patients (OR 1.43, 95%CI
1.09-1.86). It has been found that 5-flurouracil-based
NAC benefits the overall survival of gastroesophageal
and gastric cancer patients.
The regimen of the NAC might affect the outcome
of the treatment. Therefore, the regimen factors concerning NAC for gastroesophageal and gastric cancer
should be taken into account. Several regimens have been
used in the NAC of gastroesophageal and gastric cancer.
Our current meta-analysis showed that flurouracil-based
combination regimen and intravenous route of NAC had
a high efficiency for gastroesophageal and gastric cancer
patients. The effective response rate will help down-stage
tumors to the greatest extent and increase the probability
of R0 resection, thus improving the survival rate of the
patients.
Subgroup analysis also showed that the outcome of
NAC for gastroesophageal and gastric cancer was better in trials from Western countries than in those from
Asian countries and in multi-agent regimens as well. The
increasingly higher incidence of the gastroesophageal
cancer in Western countries compared with Asian countries[12] and the different constituent of tumor stage may
influence the final results.
Another major concern in our meta-analysis is the
efficiency and safety of NAC in the studies included.
Mortality directly links with treatment failure, which
mainly comprises locoregional recurrence, secondary
primary malignancy, and distant metastasis. In this metaanalysis, the outcomes of 3-year PFS were analyzed. The
difference of 3-year PFS was statistically significant between the treatment group and the control group, which
suggests that NAC with a 5-flurouracil-based regimen
is effective in the locoregional control of gastroesophageal and gastric cancer when a locoregional treatment
is administered. Our meta-analysis showed that gastric
cancer patients could well tolerate NAC. Grade 3/4 gastrointestinal and leukopenia adverse events of NAC occurred in 32% (112/343) of gastroesophageal and gastric
cancer patients. The rate of complications in the treatment group was not obviously higher than in the control
group, indicating that NAC is a safe modality for gastric
cancer (OR 1.05, 95%CI 0.75-1.48). The efficiency and
the safety were assessed in treatment group, but disease
progression during NAC is another potential concern in
patients with a loss of opportunity for surgery. In this
meta-analysis, three trials[11,12,15] showed a disease progression rate of 10.6% (46/435). The R-0 resection rate was
higher in treatment group than in control group (OR
1.57, 95%CI 1.21-2.02, NNT = 11), indicating that disease progression after NAC is not a major concern for
its resection. The results were consistent with the study
showing that lack of response to NAC may delay curative
surgery, and chemotherapy-induced toxicity may lead to
increased surgical complications[24,25].
In addition, funnel plot observation did not indicate
obvious publication bias in the two subgroups (Figure 2).
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The sensitivity analysis showed similar results by excluding the trials with Jadad score less than 2. In this metaanalysis, the primary endpoint about the overall survival
rate with a fixed model OR of 1.40 (95%CI 1.11-1.76) vs
a random model OR of 1.40 (95%CI 1.11-1.76) (Figure
1A, B), indicated that the trial quality was good, which
was not influenced by the factors, such as selection bias
and other trials.
NAC has been proven effective against some cancers,
such as breast cancer[26], head and neck squamous cell
carcinoma[27]. However, it is not recommended as a standard regimen for gastroesophageal and gastric cancer,
primarily because of the significantly different strategies
used around the world. However, adjuvant chemoradiotherapy is a standard treatment in the USA, perioperative
chemotherapy is the first choice in Europe, and surgery
and adjuvant chemotherapy are recommended in Japan,
where D2 surgery is effective and safe[28-30]. Some studies
have demonstrated that NAC and D2 surgery can effectively improve the overall survival[31] , whereas a recent
study showed no benefits[32]. Whether NAC benefits D2
dissection lacks strong evidence. Fortunately, our metaanalysis provided the up-to-date evidence for the positive
effect of NAC in gastroesophageal and gastric cancers,
but further studies are required to determine its best regimen and response-based neoadjuvant concept.
In conclusion, our study provides information on the
efficacy of NAC with 5-flurouracil-based regimen in gastroesophageal and gastric cancer patients. This regimen
was regarded as the most effective one before the emergence of Taxanes. The incorporation of Taxanes into the
5-FU/cisplatin (FP) regimen makes up the Taxol/5-FU/
cisplatin (TPF) regimen, which is a promising treatment
strategy for gastroesophageal and gastric cancers[33]. A
number of trials have been registered to examine the role
of NAC in treatment of advanced gastric cancer, such as
S-1 plus cisplatin or S-1 and cisplatin plus Taxanes[34,35].
However, its effectiveness is yet to be confirmed by the
meta-analysis. With all these clinical and scientific efforts,
these treatment strategies will definitely continue to further improve the outcome of gastroesophageal and gastric cancer patients.
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Although the prevalence of distal gastric cancer has declined, the world-wide
incidence of gastroesophageal junctional adenocarcinoma is increasing. For
patients who present with gastric and gastroesophageal cancer, surgery remains the cornerstone of treatment, which can potentially improve the long-term
survival. However, the prognosis of the patients remains poor. Chemotherapy
has been proven to be effective for advanced gastric cancer. Neoadjuvant chemotherapy (NAC) plays a role in improving the prognosis of the patients with
advanced gastric cancer and gastroesophageal junctional adenocarcinoma, but
its value remains controversial because of lack of well-powered trials.
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Meta-analysis was used to evaluate the effectiveness of NAC for advanced
gastric/gastroesophageal cancer in this study.
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The meta-analysis provided the up-to-date evidence for the positive effect
of NAC in locally advanced gastric and gastroesophageal cancer. NAC im-
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proved the R0 resection rate (95%CI: 1.03-1.85), tumor down-staging (95%CI:
1.27-2.49) and survival rate (95%CI: 1.11-1.76) for the 1249 patients enrolled
in seven trials. Surgery was safe after preoperative 5-flurouracil-based chemotherapy while no obvious morality and complication concerns were raised in
these trials. These findings suggest that NAC can improve the survival rate of
patients with advanced gastric and gastroesophageal cancer.
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Applications

11

Based on the studies on the efficacy and feasibility of the preoperative chemotherapy with 5-flurouracil-based regimen and with the increasing acceptance
of the concept of NAC, additional studies on new regimens and well-designed
powerful trials are highly encouraged in patients with locally advanced gastric
and gastroesophageal cancer. More experiments are expected to focus on individualized treatment under the guidance of molecular marker for the NAC.

12

Terminology

D2 surgery: the extent of lymphadenectomy (D1-3), in which complete dissection
of up to the second group nodes was defined as D2 according to the rules of
the Japanese Research Society for Gastric Cancer; TNM classification of malignant tumors: “pT” indicates the pathological stage after surgery and “cTNM”
indicates the clinical pretreatment tumor stage; Taxanes: they represent one of
the more effective targets in current cancer therapy, which block cell cycle progression through centrosomal impairment, induction of abnormal spindles and
suppression of spindle microtubule dynamics. Paclitaxel (Taxol) is the prototype
of the taxane family of anti-tumor drugs, which has been approved for treatment of metastatic gastric cancer; Number needed to treat: It is often used to
describe how many patients would need to be treated to prevent one event. It is
determined from the absolute difference between one treatment and another.
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This is an excellent analysis. The authors submit a meta-analysis of the available randomized controlled trials investigating the utility of neoadjuvant therapy
for gastric and gastroesophageal cancer. Overall, the paper is very strong, the
data appropriately analyzed and the conclusions reasonable. The supposition
the neoadjuvant therapy for gastroesophageal cancers remaining controversial
is not entirely the case. Most centers across the world have embraced this approach based on the strong data supporting efficacy.

16

REFERENCES
1
2

3

4

5

6
7
8
9

Crew KD, Neugut AI. Epidemiology of gastric cancer.
World J Gastroenterol 2006; 12: 354-362
Kamangar F, Dores GM, Anderson WF. Patterns of cancer
incidence, mortality, and prevalence across five continents:
defining priorities to reduce cancer disparities in different geographic regions of the world. J Clin Oncol 2006; 24:
2137-2150
Botterweck AA, Schouten LJ, Volovics A, Dorant E, van
Den Brandt PA. Trends in incidence of adenocarcinoma of
the oesophagus and gastric cardia in ten European countries. Int J Epidemiol 2000; 29: 645-654
Nashimoto A, Nakajima T, Furukawa H, Kitamura M,
Kinoshita T, Yamamura Y, Sasako M, Kunii Y, Motohashi H,
Yamamoto S. Randomized trial of adjuvant chemotherapy
with mitomycin, Fluorouracil, and Cytosine arabinoside followed by oral Fluorouracil in serosa-negative gastric cancer:
Japan Clinical Oncology Group 9206-1. J Clin Oncol 2003; 21:
2282-2287
Briasoulis E, Liakakos T, Dova L, Fatouros M, Tsekeris P,
Roukos DH, Kappas AM. Selecting a specific pre- or postoperative adjuvant therapy for individual patients with
operable gastric cancer. Expert Rev Anticancer Ther 2006; 6:
931-939
Roukos DH, Kappas AM. Perspectives in the treatment of
gastric cancer. Nat Clin Pract Oncol 2005; 2: 98-107
Li W, Qin J, Sun YH, Liu TS. Neoadjuvant chemotherapy
for advanced gastric cancer: a meta-analysis. World J Gastroenterol 2010; 16: 5621-5628
He LF, Yang KH, Tian JH, Bai ZG. [Meta analysis of clinical
effectiveness of neoadjuvant chemotherapy for gastric cancer]. Ai Zheng 2008; 27: 407-412
Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ,

WJG|www.wjgnet.com

17

18
19

20
21

22

23

24

7392

Gavaghan DJ, McQuay HJ. Assessing the quality of reports
of randomized clinical trials: is blinding necessary? Control
Clin Trials 1996; 17: 1-12
Jiang H, Sun MW, Hefright B, Chen W, Lu CD, Zeng J.
Efficacy of hypocaloric parenteral nutrition for surgical
patients: a systematic review and meta-analysis. Clin Nutr
2011; 30: 730-737
Ychou M, Boige V, Pignon JP, Conroy T, Bouché O, Lebreton G, Ducourtieux M, Bedenne L, Fabre JM, Saint-Aubert B,
Genève J, Lasser P, Rougier P. Perioperative chemotherapy
compared with surgery alone for resectable gastroesophageal adenocarcinoma: an FNCLCC and FFCD multicenter
phase III trial. J Clin Oncol 2011; 29: 1715-1721
Cunningham D, Allum WH, Stenning SP, Thompson JN,
Van de Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk SJ,
Iveson TJ, Smith DB, Langley RE, Verma M, Weeden S,
Chua YJ. Perioperative chemotherapy versus surgery alone
for resectable gastroesophageal cancer. N Engl J Med 2006;
355: 11-20
Hartgrink HH, van de Velde CJ, Putter H, Songun I, Tesselaar ME, Kranenbarg EK, de Vries JE, Wils JA, van der Bijl J,
van Krieken JH. Neo-adjuvant chemotherapy for operable
gastric cancer: long term results of the Dutch randomised
FAMTX trial. Eur J Surg Oncol 2004; 30: 643-649
Kobayashi T, Kimura T. [Long-term outcome of preoperative chemotherapy with 5’-deoxy-5-fluorouridine (5’-DFUR)
for gastric cancer]. Gan To Kagaku Ryoho 2000; 27: 1521-1526
Schuhmacher C, Gretschel S, Lordick F, Reichardt P, Hohenberger W, Eisenberger CF, Haag C, Mauer ME, Hasan
B, Welch J, Ott K, Hoelscher A, Schneider PM, Bechstein W,
Wilke H, Lutz MP, Nordlinger B, Van Cutsem E, Siewert
JR, Schlag PM. Neoadjuvant chemotherapy compared with
surgery alone for locally advanced cancer of the stomach
and cardia: European Organisation for Research and Treatment of Cancer randomized trial 40954. J Clin Oncol 2010;
28: 5210-5218
Wang XL, Wu GX, Zhang MD, Guo M, Zhang H, Sun XF.
A favorable impact of preoperative FPLC chemotherapy
on patients with gastric cardia cancer. Oncol Rep 2000; 7:
241-244
Zhang CW, Zou SC, Shi D, Zhao DJ. Clinical significance of
preoperative regional intra-arterial infusion chemotherapy
for advanced gastric cancer. World J Gastroenterol 2004; 10:
3070-3072
Pera M. Epidemiology of esophageal cancer, especially adenocarcinoma of the esophagus and esophagogastric junction. Recent Results Cancer Res 2000; 155: 1-14
Kim DY, Joo JK, Park YK, Ryu SY, Kim YJ, Kim SK. Predictors of long-term survival in node-positive gastric carcinoma patients with curative resection. Langenbecks Arch Surg
2007; 392: 131-134
Menges M, Hoehler T. Current strategies in systemic treatment of gastric cancer and cancer of the gastroesophageal
junction. J Cancer Res Clin Oncol 2009; 135: 29-38
Bölke E, Peiper M, Knoefel WT, Baldus SE, Schauer M,
Matuschek C, Gerber PA, Hoff NP, Budach W, Gattermann
N, Erhardt A, Scherer A, Buhren BA, Orth K. [Multimodal
therapy in locally advanced gastric cancer]. Dtsch Med
Wochenschr 2011; 136: 2205-2211
Zhou DL, Zheng CZ, Li JH, Yin K, Ke CW, Liu HT, Hu XG,
Chen DL, Zhang DY. [Application of neoadjuvant chemotherapy in laparoscopic gastrectomy for advanced gastric
cancer]. Zhonghua Wei Chang Wai Ke Zazhi 2009; 12: 126-129
Urschel JD, Vasan H, Blewett CJ. A meta-analysis of randomized controlled trials that compared neoadjuvant
chemotherapy and surgery to surgery alone for resectable
esophageal cancer. Am J Surg 2002; 183: 274-279
Misra S, Pedroso FE, Dipasco PJ, Solomon NL, Gennis E,
Franceschi D, Ardalan B, Koniaris LG. Does neoadjuvant
chemotherapy improve outcomes for patients with gastric

December 28, 2012|Volume 18|Issue 48|

Ge L et al . Neoadjuvant chemotherapy for gastric/gastroesophageal cancer

25

26
27

28
29

30

cancer? J Surg Res 2012; 178: 623-631
Weber WA, Ott K, Becker K, Dittler HJ, Helmberger H,
Avril NE, Meisetschläger G, Busch R, Siewert JR, Schwaiger
M, Fink U. Prediction of response to preoperative chemotherapy in adenocarcinomas of the esophagogastric junction
by metabolic imaging. J Clin Oncol 2001; 19: 3058-3065
Untch M, von Minckwitz G. Recent advances in systemic
therapy: advances in neoadjuvant (primary) systemic therapy with cytotoxic agents. Breast Cancer Res 2009; 11: 203
Su YX, Zheng JW, Zheng GS, Liao GQ, Zhang ZY. Neoadjuvant chemotherapy of cisplatin and fluorouracil regimen
in head and neck squamous cell carcinoma: a meta-analysis.
Chin Med J (Engl) 2008; 121: 1939-1944
Ott K, Lordick F, Blank S, Büchler M. Gastric cancer: surgery in 2011. Langenbecks Arch Surg 2011; 396: 743-758
Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes
NC, Stemmermann GN, Haller DG, Ajani JA, Gunderson
LL, Jessup JM, Martenson JA. Chemoradiotherapy after
surgery compared with surgery alone for adenocarcinoma
of the stomach or gastroesophageal junction. N Engl J Med
2001; 345: 725-730
Sano T, Sasako M, Yamamoto S, Nashimoto A, Kurita A,
Hiratsuka M, Tsujinaka T, Kinoshita T, Arai K, Yamamura Y,
Okajima K. Gastric cancer surgery: morbidity and mortality results from a prospective randomized controlled trial

31

32
33

34

35

comparing D2 and extended para-aortic lymphadenectomy-Japan Clinical Oncology Group study 9501. J Clin Oncol
2004; 22: 2767-2773
Schwarz RE, Smith DD. Extended lymph node dissection
for gastric cancer: who may benefit? Final results of the randomized Dutch gastric cancer group trial. J Clin Oncol 2005;
23: 5404-5405; author reply 5405
Wu AW, Ji JF. Neoadjuvant chemotherapy for locally advanced gastric cancer: With or without radiation. World J
Gastrointest Surg 2012; 4: 27-31
Biffi R, Fazio N, Luca F, Chiappa A, Andreoni B, Zampino
MG, Roth A, Schuller JC, Fiori G, Orsi F, Bonomo G, Crosta
C, Huber O. Surgical outcome after docetaxel-based neoadjuvant chemotherapy in locally-advanced gastric cancer.
World J Gastroenterol 2010; 16: 868-874
Inoue K, Nakane Y, Kogire M, Fujitani K, Kimura Y, Imamura H, Tamura S, Okano S, Kwon AH, Kurokawa Y, Shimokawa T, Takiuchi H, Tsujinaka T, Furukawa H. Phase II trial
of preoperative S-1 plus cisplatin followed by surgery for
initially unresectable locally advanced gastric cancer. Eur J
Surg Oncol 2012; 38: 143-149
Fushida S, Nashimoto A, Fukushima N, Kawachi Y, Fujimura T, Kuwabara S, Musha N. Phase II trial of preoperative
chemotherapy with docetaxel, cisplatin and S-1 for T4 locally
advanced gastric cancer. Jpn J Clin Oncol 2012; 42: 131-133
S- Editor Wen LL L- Editor A E- Editor Lu YJ

WJG|www.wjgnet.com

7393

December 28, 2012|Volume 18|Issue 48|

World J Gastroenterol 2012 December 28; 18(48): 7394-7396
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Online Submissions: http://www.wjgnet.com/esps/
wjg@wjgnet.com
doi:10.3748/wjg.v18.i48.7394

© 2012 Baishideng. All rights reserved.

CASE REPORT

Entering the duodenal diverticulum: A method for
cannulation of the intradiverticular papilla
Bao-Can Wang, Wei-Bin Shi, Wen-Jie Zhang, Jun Gu, Yi-Jing Tao, Yu-Qin Wang, Xue-Feng Wang
tography; Intradiverticular papilla; Duodenoscope

Bao-Can Wang, Yu-Qin Wang, Department of Gastroenterology, Xinhua Hospital, Shanghai Jiaotong University School of
Medicine, Shanghai 200092, China
Wei-Bin Shi, Wen-Jie Zhang, Jun Gu, Yi-Jing Tao, XueFeng Wang, Department of General Surgery, Xinhua Hospital,
Shanghai Jiaotong University School of Medicine, Shanghai
200092, China
Author contributions: Wang BC and Shi WB contributed
equally to this work; Wang BC and Shi WB collected the data
and wrote the manuscript; Zhang WJ, Gu J, Tao YJ, Wang YQ
and Wang XF performed the ERCP.
Supported by National Natural Science Foundation of China,
No. 30900671; Shanghai Natural Science Foundation, No.
09ZR1419700
Correspondence to: Xue-Feng Wang, Professor, Department of General Surgery, Xinhua Hospital, Shanghai Jiaotong
University School of Medicine, Shanghai 200092,
China. wxxfd@live.cn
Telephone: +86-21-25077905 Fax: +86-21-25078999
Received: August 26, 2012
Revised: September 27, 2012
Accepted: October 19, 2012
Published online: December 28, 2012

Peer reviewer: Dr. Akio Katanuma, Center for Gastroenter-

ology, Teine-Keijinkai Hospital, 1-40 Maeda 1-jo 12-chome,
Teine-ku, Sapporo 006-8555, Japan
Wang BC, Shi WB, Zhang WJ, Gu J, Tao YJ, Wang YQ, Wang
XF. Entering the duodenal diverticulum: A method for cannulation of the intradiverticular papilla. World J Gastroenterol 2012;
18(48): 7394-7396 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v18/i48/7394.htm DOI: http://dx.doi.
org/10.3748/wjg.v18.i48.7394

INTRODUCTION
Periampullary diverticula (PAD) are found in 9% to 32.8%
of patients who undergo endoscopic retrograde cholangiopancreatography (ERCP)[1]. The papilla often exists at
the superior or inferior border of the PAD. Occasionally,
identification of the papillary orifice and successful cannulation of the common bile duct (CBD) may be more
difficult in patients in whom the papilla is located entirely
within the diverticulum, even for endoscopic experts. In
this report, we present three cases where the papilla was
hidden in a large duodenal diverticulum. Successful biliary
cannulation was achieved following intubation of the distal
tip of the duodenoscope into the duodenal diverticulum.

Abstract
Successful cannulation of the common bile duct may
be difficult in patients in whom the papilla is located
entirely within a diverticulum. In this study, we report
successful biliary cannulation in three patients following intubation of the distal tip of the duodenoscope
into the duodenal diverticulum and locating the major
papilla. No complications occurred during the operation
or during the postoperative period. This method didn’t
need second incubation an endoscope and might lower
the burden of patients. So this skill is useful to deal
with the papilla hidden inside the large diverticulum
because of its safety and convenience.

CASE REPORT
Three male patients (aged 70, 78 and 82 years) were admitted to our hospital as a result of right upper quadrant
pain and fever and jaundice. Magnetic resonance cholangiopancreatography revealed intra- and extra-hepatic
bile duct dilation (CBD stones were presented in patient
one and patient two). On ERCP, the papilla could not be
found at the rim of large duodenal diverticula (one with
septa). We therefore suspected that the papilla was hidden
inside the diverticula. With careful searching, the papil-

© 2012 Baishideng. All rights reserved.
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A

B

C

D

Patient 1

Patient 2

Patient 3

Figure 1 The duodenal diverticulum to be located intradiverticular papilla for biliary cannulation. A: The papillary orifices can be indistinctly seen at the left
side of the inner diverticular borders in patient 1 and patient 2 (arrow), but not seen at all in patient 3; B: Successful biliary cannulation was achieved after facing the
intradiverticular papilla; C: Endoscopic retrograde cholangiography showing stones in the common bile duct in patient 1 and patient 2 and dilation of the common bile
duct in patient 3; D: Extracted bile stones in the duodenal diverticulum in patient 1 and patient 2.

ticulum, including dilating the diverticular rim, using two
devices in one channel (a catheter and a sphincterotome),
but without success. As the diverticulum was judged to
be large enough to accommodate the distal tip of a duo-

lary orifices were indistinctly seen at the left side of the
inner diverticular borders in patient one and patient two,
but were not visualized in patient three (Figure 1). Several
attempts were made to evert the papilla out of the diver-

WJG|www.wjgnet.com

7395

December 28, 2012|Volume 18|Issue 48|

Wang BC et al . A method to locate intradiverticular papilla

denoscope, we decided to intubate the duodenoscope
(JF-260V, Olympus Medical System, Tokyo, Japan) into
the duodenal diverticulum by gently adjusting the knob,
and by push-pull the duodenoscope. Eventually, we discovered that the orifices in all three patients were on the
left side of the inner diverticular borders, opening towards the medial and posterior wall of the diverticulum.
Subsequently, the orifices were faced by finely adjusting
the direction of the endoscope, and by carefully exploring the papillary alignment (Figure 1). Biliary cannulation
and stone extraction was then conducted using a small
biliary sphincterotomy and balloon dilatation (Figure 1).
No complications occurred during the procedure or during the postoperative period. All patients were well on
discharge shortly after surgery.

la, the PAD is relatively fixed as they are located behind
the retroperitoneum. Also the adjacent kidney and pancreas could provide further support to diverticula wall.
Thus, we can relatively easily control the position of the
duodenoscope in the duodenal diverticulum. To avoid
sudden movements in the PAD, the duodenoscope can
also be pulled back to the duodenal lumen for stone extraction. There were no complications, such as bleeding
or perforation, during ERCP treatment of these three
patients. So this skill is a safe and convenient method
which may lower the burden of patients.
We conclude that intubating the distal tip of the duodenoscope into the large duodenal diveriticulum, thereby
locating the hidden papilla, is a safe and convenient skill
that facilitates both biliary cannulation and endoscopic
treatment in the hands of experienced practitioners,
which didn’t need second incubation an endoscope and
may lower the burden of patients.

DISCUSSION
PAD is outpunching from the duodenum that represents
herniation of the mucosal or submucosal layers through
a defect in the muscular wall within a radius of 2 to 3 cm
of the ampulla of Vater. The prevalence of PAD increases
with age and has been reported in 65% of elderly patients[2]. There is now clear evidence of an association between duodenal diverticula and bile duct stones, particularly in the absence of gallbladder stones[3]. The location of
the papilla with respect to the diverticulum is divided into
two categories. In typeⅠthe papilla is at the rim or within
2 cm of the edge of the diverticulum, and this is called a
peri-diverticular papilla (PDP). In type Ⅱ cases, the papilla
lies inside or at the middle of the bottom edge of the diverticulum or between two adjacent diverticula, and this
is termed an intradiverticular papilla (IDP)[4]. According
to a report by Tham et al[3], typeⅠand type Ⅱ cases accounted for 74.7% and 25.3%, respectively, in a cohort of
83 patients with diverticular papilla. Previously, successful
cannulation in patients with PAD has varied from 61% to
95.4%, which is significantly lower that that observed in
those without PAD[1,5]. Two recent studies reported that
PAD did not cause any technical difficulties at ERCP or
increase the risk of complications, however, this was true
only when patients with the undetectable papilla were excluded[3,6]. It is reasonable to speculate an even lower successful cannulation rate in IDP patients in whom papilla
are often more difficult to locate than in PDP patients.
Therefore great efforts are needed to find new methods to
achieve successful cannulation in patients with IDP.
In recent years, new devices and new manipulations
for successful biliary cannulation in patients with IDP
have been reported. These include using a two-devicesin-one-channel method[7], balloon dilation of a narrownecked diverticulum[8], using an ultrathin gastroscope
to locate the papilla[9], an endoscopic ultrasound-guided
rendezvous technique[10], endoclip-assisted biliary cannulation[11], and the double-endoscope method[12].
Our study suggests an alternative skill for biliary cannulation in patients with IDP, which didn’t need second
incubation an endoscope. In contrast to colon diverticu-
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CASE REPORT

Endoscopic ultrasound features of gastric schwannomas
with radiological correlation: A case series report
Dan-Dan Zhong, Cai-Hua Wang, Jing-Hong Xu, Miao-Yan Chen, Jian-Ting Cai
pria. These features might help us differentiate gastric
schwannomas from other submucosal tumors. Further
investigation is needed to differentiate these mesenchymal tumors.
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Abstract
Gastric schwannomas are rare mesenchymal tumors
of the gastrointestinal tract. They are usually misdiagnosed as other submucosal tumors preoperatively. Experience of the imaging features of gastric schwannomas is extremely limited. In this report, we summarize
the features of a series of endoscopic ultrasound
(EUS) images of gastric schwannomas in an effort to
improve the diagnosis and differential diagnosis rate.
We retrospectively reviewed the endosonographic features of four patients with gastric schwannomas and
their computed tomography imaging results. Gastric
schwannomas had heterogeneous hypoechogenicity or
isoechogenicity, and a well-demarcated margin. The
tumors originated from the fourth layer. Cystic changes
and calcification were uncommon. Marginal hypoechoic
haloes were observed in two patients. The results
described here were different from those of previous
studies. In the EUS evaluation, the internal echogenicity of gastric schwannomas was heterogeneous and
low, but slightly higher than that of muscularis pro-
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INTRODUCTION
Schwannomas of the gastrointestinal (GI) tract are relatively rare, representing about 3% of all mesenchymal
tumors of the GI tract[1]. They are usually encapsulated
benign tumors of the peripheral nerve sheath composed
of differentiated schwann cells, with an excellent prognosis after surgical resection. Malignant transformation
of gastric schwannomas is extremely rare[2,3]. It is difficult to differentiate a gastric schwannoma from gastrointestinal stromal tumors (GISTs). Schwannomas are often
misdiagnosed as GISTs on radiological examination[4].
However, GISTs have greater malignant potential and
require surgical resection and imatinib-based adjuvant
therapy. Therefore, it is important to differentiate be-
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border (regular or irregular); the presence of lobulation
of the surface; the shape of the tumor (oval to round
or non-oval distorted); the presence of a marginal halo,
echogenicity (hypoechoic or hyperechoic); homogeneity
(homogeneous or heterogeneous); presence of internal
echogenic or cystic foci; and presence of exophytic development (tumor development outside the gastric wall).
Computed tomography (CT) images and radiological
reports were retrospectively reviewed. The CT features
were analyzed with the pattern of contrast enhancement.
Two patients underwent laparotomy and resection
of tumor and two other patients underwent subtotal
gastrectomy. Three of 4 patients underwent regional
lymphadenectomy. Immunohistochemical studies were
performed on the resected tissue to evaluate the expression of S100 protein, α-smooth muscle actin (α-SMA),
desmin, CD117, CD34 and Ki67. All four patients underwent EUS and CT examinations before surgery.
Follow-up data were obtained from clinical records
and from the treating doctors.
The clinicopathological characteristics of the patients
and the surgical data and outcomes are summarized in
Table 1. All 4 cases were female (age ranged from 32
to 50 years). One patient was asymptomatic, and the
schwannoma was accidentally discovered in this patient
by ultrasonic examination in the follow-up of a hysteromyoma. Three patients had symptoms including ructus,
bloating and epigastric pain, weight loss, melena and hematemesis.
The patients underwent multiple examinations before
surgery, but none had a correct preoperative diagnosis
of schwannoma. They were misdiagnosed as having
GISTs. Upper endoscopy revealed that one patient had a
submucosal tumor with a central ulcer and that the other
patients did not have ulceration. All the tumors were located in the gastric body (2 in the greater curvature and
2 in the lesser curvature).
The CT images showed rounded masses in the stomachs, with homogeneous (n = 3) (Figure 1A) or heterogeneous (n = 1) (Figure 1B) internal contrast enhancement. One of the masses was accompanied by enlargement of the lymph nodes.
The EUS evaluation revealed that all the tumors
were hypoechoic, with a connection between the tumor
and the muscularis propria. The echogenicities of the
tumors were heterogeneous with an internal high-echo
region (Figure 2A). Two of the patients had tumors with
marginal hypoechoic regions (Figure 2B). The shapes
of all tumors were oval, with well-demarcated margins,
and the growth patterns of the tumors were exogastric.
The tumors had smooth surfaces, except one which had
an ulcer. None had internal cystic lesions, lobulations,
or calcification (Table 2). Endoscopic ultrasound-guided
fine needle aspiration was performed in one patient, but
failed to confirm the diagnosis because of insufficient
tissue biopsy for immunohistochemistry.
Histological examination showed that the tumors were
composed of spindle cells. There were lymphoid cuffs

A
L

11 cm

B

L

13 cm

Figure 1 Computed tomography images showed rounded masses in the
stomachs, with homogeneous (n = 3) or heterogeneous (n = 1) internal
contrast enhancement. A: Contrast-enhanced computed tomography (CT)
showed a solitary, exophytic, soft, internal homogeneous tissue mass (arrow) in
the greater curvature of the stomach, the mass exhibited central ulceration (Case
3); B: CT during the portal venous phase of contrast enhancement showed a
heterogeneous contrast enhanced mass (arrow) in the body of the stomach
(Case 1).

tween gastric schwannomas and other potentially malignant gastrointestinal tumors, especially GISTs. To date,
there is only one report describing the endoscopic ultrasonography (EUS) features of gastric schwannomas[5].
In this study, we analyzed 4 gastric schwannomas using
EUS imaging. The results we observed were unlike those
of previous studies.

CASE REPORT
From October 21, 2008 to December 27, 2011, four tumors were histologically identified as gastric schwannomas after surgery at the Second Affiliated Hospital of
Zhejiang University School of Medicine. Clinical data
and tumor size were recorded. This retrospective review
was approved by the Ethics Committee of the Second
Affiliated Hospital of Zhejiang University School of
Medicine. All patients provided written informed consent before performing EUS and surgery.
Endosonography was applied using ultrasound endoscopes [the Olympus GF-UM200, GF-UCT240-AL5
and GF-UE260-AL5 (7.5 MHz; Olympus Optical Co.
Japan)]. EUS scanning showed many features that were
evaluated, including the following: presence or absence
of mucosal ulceration; the regularity of the marginal
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Table 1 Clinicopathological features of the patients
Case Age (yr)
1
2
3
4

32
39
50
49

Sex

Size (cm)

Clinical Presentation

Site (gastric body)

Management

Outcome (mo)

Female
Female
Female
Female

3.3 × 4.0
4.9 × 4.0
8.1 × 5.3
5.0 × 3.5

Ructus, bloating, epigastric pain
Weight loss
Melena, hematemesis (GI bleeding)
Incidental on ultrasonic examination
for hysteromyoma follow-up

Greater curvature
Lesser curvature
Great curvature
Lesser curvature

Laparoscopic wedge resection
Laparoscopic wedge resection
Subtotal gastrectomy
Subtotal gastrectomy

14
4
5
39

Table 2 Endosonographic findings of schwannomas
Case
1
2
3
4

Echogenicity

Ulcer

Shape

Margin

Lob

Halo

Cyst

Spots

Cal

Growth

Low
Low
Low
Low

2
-

Oval
Oval
Oval
Oval

Regular
Regular
Regular
Regular

-

+
+
-

-

+
+
+
+

-

In < out
In < out
In < out
In < out

Lob: Lobulation; Halo: Marginal halo; Cyst: Internal cystic lesion; Spots: High spots; Cal: Calcified lesion.

A

B

Figure 2 Endoscopic ultrasonography of tumors. A: Endoscopic ultrasonography (EUS) showed a well-circumscribed heterogeneous hypoechoic mass with internal
flake high-echo arising from the proper muscle layer of the stomach (case 3); B: EUS showed a round heterogeneous hypoechoic mass with marginal halo (arrow) (case 1).

A

B

Figure 3 Histological examinations showed that the lymphoid cuff (arrow) (A) and immunohistochemical evaluation revealed the spindle tumor cells
stained positive for S-100 protein(B).

surrounding the tumors (Figure 3A). Immunohistochemical evaluation revealed strong expression of S-100 protein
in all tumors (Figure 3B). None of the tumors showed expression of CD117, CD34 or desmin. All tumors revealed
low proliferation, as estimated from the low proportion
of Ki67-positive cells (Ki67 < 5%).
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GI schwannomas are benign, slow growing tumors regarded as tumors distinct from conventional schwannomas. These tumors arise from the nerve sheath of the
gut wall, rather than from the central nervous system and
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without internal echogenic foci[5,11]. One study indicated
that the echogenicities of gastric schwannomas were
much lower than the normal surrounding muscle layers. Therefore, the authors considered that these findings may be useful for differentiating schwannomas
from GISTs[5]. Nevertheless, EUS findings of gastric
schwannomas revealed a hypoechoic mass, with some
hyperechoic foci, in some other case reports[12,13]. According to our results, the internal echogenicity of gastric schwannomas was heterogeneous and low, but slightly higher than that of muscularis propria, with internal
patch high echo. They were not homogeneous and extremely low. CT imaging showed that the tumors showed
homogeneous or heterogeneous contrast enhancement.
This meant that these tumors were hypervascular. The
blood within the schwannomas was very slow-flowing.
It is usually not possible to demonstrate flow with color
or power Doppler sonography. The slow flow of blood,
in spite of the hypervascular nature, can be explained by
the observation that the internal echoes of the four tumors appeared similar to or slightly higher than those of
muscularis propria, with some patchy hyperechoic areas.
Although a lymphoid cuff was observed in each patient,
it was not always continuous, which may explain why the
marginal hypoechoic halo was only found in two cases.
All 4 gastric schwannomas in our study lacked a cystic
change, indicating that cystic changes are uncommon in
this type of tumor. Only 2 cases with cystic changes on
CT examinations have been reported in the literature[8].
Another clinicopathogical study found no cases of cystic
change or gross necrosis in 51 cases[3]. No calcification
within gastric schwannomas was reported in previous
reports. However, cysts, hemorrhagia, and necrosis were
common in GISTs, and calcification was seen in 6% of
GISTs[14]. The differential diagnosis of gastric schwannomas and GISTs in EUS images are summarized in Table 3.
In conclusion, gastric schwannomas are rare benign mesenchymal tumors of the stomach. However,
it is necessary to differentiate these tumors from other
submucosal tumors of the stomach, particularly GISTs.
The EUS features of gastric schwannomas are varied.
On EUS evaluation, heterogeneous hypoechogenicity or
isoechogenicity, a well-demarcated margin, fourth-layer
origination, and lack of cystic change and calcification
may be considered to be helpful findings for the diagnosis of gastric schwannoma. A marginal halo was perhaps
the characteristic feature, but not an essential one. Ulceration may be seen in large tumors. More EUS studies should be conducted to delineate the characteristic
features that can help differentiate these mesenchymal
tumors.

Table 3 Endoscopic ultrasound for differential diagnosis of
gastric schwannomas versus gastric gastrointestinal stromal
tumors
Gastric schwannomas Low-risk GIST
Echogenicity

Heterogeneous and
hypoechoic, but
slightly higher than
that of muscularis
propria
Halo
Frequent
Growth
In < out (mostly)
Margin
Regular
Lobulation
Rare
High echo spot Common
Cyst
Very rare
Calcification
Scarce

High-risk GIST

Homogeneous
and
hypoechoic

Heterogeneous
and
hypoechoic

Uncertain
In ≥ out (mostly)
Regular
Uncommon
Occasional
Frequent
Occasional

Uncertain
Variety
Irregular
Common
Common
Very frequent
Occasional

GIST: Gastrointestinal stromal tumors.

from soft tissues[6]. The stomach is the most common
site of origin of GI schwannomas[2]. The tumors are
most commonly located in the body of the stomach[3].
The tumors predominantly occur in older adults (mean
age is 58 years) with a marked female predominance[6,7].
Gastric schwannomas are usually asymptomatic or associated with non-specific abdominal discomfort. They
are accidentally discovered or when complications, such
as GI bleeding, arise. Endoscopically, gastric schwannomas appear as elevated submucosal masses, with or
without central ulcers. Endoscopic biopsies always yield
false-negative results. The definitive diagnosis of gastric
schwannomas is determined by pathological and immunohistochemical examination of surgical specimens. The
tumors are typically negative for CD117, desmin, α-SMA
and positive for S100. They stain variably with CD34[2].
It may be helpful to gain limited information through
EUS, CT, magnetic resonance imaging (MRI), and positron emission tomography (PET) to differentiate gastric
schwannomas from other gastric submuscosal tumors.
In previous studies, gastric schwannomas displayed wellcircumscribed masses with heterogeneous or homogeneous contrast enhancement on CT[7,8]. On MRI examination, gastric schwannomas are sharply demarcated,
strongly enhanced tumors, having low to medium signal
intensity on T1 weighted images, and high signal intensity on T2 weighted images[9]. However, the radiological
imaging features of gastric schwannomas are not specific. They are quite similar to those of gastric stromal
tumors. Recent reports described several cases of gastric
schwannoma with increased fluorodeoxyglucose (FDG)
uptake on PET. It is therefore necessary to distinguish
schwannomas from low risk GISTs when assessing submucosal tumors of the stomach that show a high FDG
accumulation[4,10].
Presently, reports on the EUS features of gastric
schwannomas are extremely limited, due to the rarity of
these tumors. The EUS features of gastric schwannomas
have been described as round submusosal masses with
marginal haloes, and homogeneous internal echogenicity

WJG|www.wjgnet.com
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INTRODUCTION

Abstract

Radiation-induced gastritis is a serious complication of
radiation therapy and can cause upper gastrointestinal
bleeding. There have been no effective options to manage this complication. We encountered a 46-year-old male
patient with hemorrhagic gastritis induced by external
radiotherapy for the treatment of metastatic retroperitoneal lymph node of hepatocellular carcinoma (HCC).
Successful hemostasis was achieved with treatment of
prednisolone.

Radiation-induced gastritis is an infrequent cause of
gastrointestinal bleeding. It is a serious complication
arising from radiation therapy, and the standard treatment method has not been established. The initial
injury is characteristically acute inflammation of gastric mucosa. We presented a 46-year-old male patient
with hemorrhagic gastritis induced by external radiotherapy for metastatic retroperitoneal lymph node of
hepatocellular carcinoma. The endoscopic examination
showed diffuse edematous hyperemicmucosa with telangiectasias in the whole muscosa of the stomach and
duodenal bulb. Multiple hemorrhagic patches with active oozing were found over the antrum. Anti-secretary
therapy was initiated for hemostasis, but melena still
occurred off and on. Finally, he was successfully treated by prednisolone therapy. We therefore strongly argue in favor of perdnisolone therapy to effectively treat
patients with radiation-induced hemorrhagic gastritis.

CASE REPORT
A 46-year-old man diagnosed with HCC received left
lobectomy in December 2010. Two courses of transcatheter arterial chemoembolization with 5-fluorouracil, oxaliplatin, mitomycin and lipidol (5-10 mL) were
administered from January 2011 to July 2011 for intrahepatic recurrence. He received liver transplantation in
September 2011. He was treated with sorafenib 400 mg
bid from January 2011. In November 2011, he received

© 2012 Baishideng. All rights reserved.
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The endoscopic examination showed diffuse edematous
hyperemicmucosa with telangiectasis in the whole muscosa of the entire examined stomach and duodenal bulb.
Multiple hemorrhagic patches with active oozing were
visible over the antrum (Figure 1A). He was diagnosed
as having radiation-induced gastritis. Omeprazole (40 mg
bid iv) and sucralfate (1 g tid oral) were given for a week.
However, upper gastrointestinal bleeding still occurred
off and on. Due to the inaccessibility of argon plasma
coagulation, he was treated with prednisolone. The starting dose of prednisolone was 40 mg daily. Hematemesis
and melena stopped 3 d later, and fecal occult blood test
was negative. Then, he received oral prednisone, 25 mg
daily. The dosage was gradually reduced by 5 mg every 3
d and down to zero within 15 d after hospital discharge.
His hemoglobin levels improved to 60 g/L. Unfortunately, 2 wk after prednisone was discontinued, his melena recurred. The endoscopic examination still showed
multiple hemorrhagic spot at antral mucosa (Figure 1B).
The hemoglobin levels decreased to 34 g/L. We treated
him with prednisolone again. Within 3 d, his hematocrit
stabilized and the melena resolved. He then received
maintenance prednisone (10 mg daily). One month later,
he underwent follow-up endoscopy, which revealed
some residual telangiectasias with no bleeding friability
(Figure 1C). No gastrointestinal bleeding recurred. His
hemoglobin levels improved to 88 g/L without blood
transfusions or iron supplements.

A

B

C

DISCUSSION
Radiation-induced gastritis is a serious complication of
radiation therapy and difficult to manage. It usually happens 2-9 mo after initial radiotherapy[1-3]. A high total
dose and, above all, high daily fraction appear to be the
main risk factors in gastric injuries. Radiologic durability dosage of the stomach and intestine is defined as 45
Gy, and that of rectum is defined as 55 Gy. The initial
injury is characteristically acute inflammation of gastric
mucosa. If injury progresses, vasculopathy may evolve
to progressive obliterative endarteritis and endothelial
proliferation, leading to mucosal ischemia, ulceration,
and telangiectasias[4]. The characteristic endoscopic finding is the presence of telangiectasia. Other endoscopic
findings include diffuse erythema of mucosa, shallow or
deep ulcers and scar formation.
Radiation-induced hemorrhagic gastritis is a diffuse
process with multiple bleeding sites [4]. The standard
method has not been established. Repeated endoscopies
and the anti-secretory agents all yielded unsatisfactory
control of bleeding. Argon plasma coagulation had been
reported for successful hemostasis of radiation-induced
hemorrhagic gastritis, colitis and proctitis[1,2,5-7]. Surgery
may be necessary if other treatment fails, but it is associated with a high morbidity.
Rectal steroids have often been recommended for the
treatment of radiation-induced proctitis. Kochhar et al[8]
reported that steroids successfully treated radiationinduced proctosigmoiditis. But only few instances of

Figure 1 Endoscopic appearance of antral mucosa. A: Multiple telangiectasias spontaneously bleeding at diffuse antral mucosa after radiation therapy; B:
After prednisone was discounted, multiple hemorrhagic spots were still visible
at antral mucosa; C: After 1 mo of prednisone maintenance therapy, there were
residual telangiectasias with no bleeding tendency.

helical radiotherapy using tomotherapy (total 63.7 Gy)
for the treatment of metastatic retroperitoneal lymph
node. The dosages delivered to the stomach, intestine
and liver were 18.70 Gy, 18.10 Gy and 10.78 Gy, respectively. During the course of radiotherapy, sirolimus was
continued against transplantation rejection and sorafenib
was discontinued. Three months after radiotherapy, the
patient had hematemesis and melena. He was admitted to the emergency room. His vital signs were quite
unstable: blood pressure was 84/56 mmHg; heart rate
was 92 beats/min and respiratory rate was 20 breaths/
min. Laboratory evaluation revealed severe anemia with
a hemoglobin level of 37 g/L, prothrombin time was
11.4 s, activated partial thromboplastin time was 27.5 s,
international normalization ratio was 0.98 and platelets
was 68 × 109/L. Blood transfusion was administered.
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steroids therapy for radiation induced gastritis have been
reported. In our case, we chose to use prednisolone because prednisolone can reduce inflammation. Although
the pathogenesis of radiation-induced gastritis is not
entirely clear, it was presumed to be an inflammatory
process. A large number of cell types, interacting molecular signals including cytokines and growth factors,
and various molecules on the endothelial cell surface are
involved. It was reported that the mucosal levels of interleukin (IL)-2, IL-6, and IL-8 were significantly higher
in patients with radiation proctitis[9]. Prednisolone can
inhibit inflammation by a diverse array of mechanisms,
including decreasing chemotaxis of monocytes and
neutrophils, inhibiting adhesive molecule synthesis and
decreasing eicosanoid production. Prednisolone’s antiinflammatory functions may reduce gastric mucosa damage and degeneration as well.
In this case, the upper gastrointestinal bleeding recurred when prednisone was discounted. It indicated
that sufficient time of prednisone administration is
needed for the effective treatment. In fact, when the
patient received prednisone for a prolonged duration,
no gastrointestinal bleeding recurred. Therefore, the
patients with radiation-induced hemorrhagic gastritis
should continue with maintenance prednisone because
the radiation-induced injury is a chronic course and may
last a long time.
During radiotherapy, the patient continued taking sirolimus against transplantation rejection, which also has
an anti-angiogenic effect. Many studies have shown that
anti-angiogenetic agent in combination with radiotherapy produces a synergistic anti-tumor efficacy without
increasing toxicity[10,11].
This report described a further potential treatment
modality for radiation- induced hemorrhagic gastritis.
More patients and longer follow-up are necessary to
confirm the effectiveness of prednisolone in this form
of gastritis.
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INTRODUCTION
Since its first introduction in the 1990s, transjugular intrahepatic portosystemic shunt (TIPS) has played an increasingly important role in the management and treatment
of the complications of portal hypertension (PH). Now,
established indications for TIPS include active variceal
hemorrhage not controlled by endoscopic and pharmacologic treatment (mainly from gastric and ectopic varices),
secondary prevention of bleeding, refractory hydrothorax
and ascites, Budd-Chiari and veno-occlusive syndrome,
hepatopulmonary syndrome, hepatorenal syndrome, and
prophylaxis of complications in patients with cirrhosis
who need major abdominal surgery[1-3].
TIPS as a treatment for PH has been performed for >
20 years in our hospital. Five hundred cases of PH have
been treated[4,5]. With improvement in the technical skills
of interventional radiologists over time, technical complications such as abdominal bleeding, stent migration, hemobilia, and hepatic artery injury have become extremely
rare[6,7]. This paper reports a case of delayed liver laceration 8 d after TIPS in a patient with PH.

Abstract
The transjugular intrahepatic portosystemic shunt (TIPS)
is an acceptable procedure that has proven benefits in
the treatment of patients who have complications from
portal hypertension due to liver cirrhosis. Delayed liver
laceration is a rare complication of the TIPS procedure.
We describe a patient with portal hypertension due to
liver cirrhosis, who suddenly presented with abdominal hemorrhage and liver laceration 8 d after TIPS.
Few reports have described complications after TIPS
placement. To the best of our knowledge, this is the
first report describing delayed liver laceration. This potential and serious complication appears to be specific
and fatal for TIPS in portal hypertension. We advocate
careful attention to the technique to avoid this complication, and timely treatment is extremely important.
© 2012 Baishideng. All rights reserved.

Key words: Transjugular intrahepatic portosystemic
shunt; Portal hypertension; Liver cirrhosis; Postoperative complications; Hemorrhage
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A 45-year-old female patient was admitted to our institution

7405

December 28, 2012|Volume 18|Issue 48|

Liu K et al . Delayed liver laceration after TIPS

A

B

Figure 1 Gastroscopy showing severe esophageal and gastric varices.

because of hematemesis. She had a few years history of PH
due to liver cirrhosis of unclear etiology, and had been hospitalized twice for gastrointestinal bleeding. On examination, she was emaciated and had moderate ascites requiring
diuretic treatment. Endoscopy showed severe hypertensive
gastropathy with severe esophageal and gastric varices (Figure 1). Abdominal computed tomography demonstrated
a classical PH appearance with liver cirrhosis and splenomegaly (Figure 2A). Plain chest film showed left hydrothorax. Abnormal laboratory findings on admission were as
follows: hemoglobin concentration, 71 g/L; platelet count,
3 × 1010/L. Child-Pugh class A and normal renal function
are not laboratory findings and were not abnormal.
The TIPS procedure was performed according to the
standard method under local anesthesia (1% lidocaine
hydrochloride). After the right internal jugular vein was
percutaneously punctured, a 10-Fr, 41-cm long sheath
(Rösch-Uchida TIPS Puncture Set; Cook, Bloomington,
IN, United States) was placed in the suprahepatic portion
of the inferior vena. After catheterization of the right
hepatic vein, measurement of hepatic venous pressure
and portal puncture were performed. At no stage during attempted puncture of the portal vein was contrast
agent seen to enter the hepatic arterial system, bile ducts,
or peritoneal cavity. Portal venography was performed to
evaluate the anatomy and determine the direction of portal flow (Figure 2B). With the use of a hydrophylic guide
wire (Radiofocus guide wire; Terumo Europe, Leuven,
Belgium), the portal vein was catheterized. The dilation of
the intrahepatic parenchymal tract was performed using a
low-profile balloon with 8 mm diameter. In this particular
case with large varices of the gastric coronary vein, embolization using coils and gelatin sponge was performed
to reduce the risk of rebleeding. Polytetrafluoroethylene
(PTFE)-covered Fluency stent grafts (8 mm × 6 cm,
manufactured by Angiomed GmbH Co., subsidiary of C.R.
Bard, Murray Hill, NJ, United States) were used. After
placement of the stents, portography was performed to
ensure no contrast extravasation within the shunt, and the
portal pressure was measured (Figure 3). The portosystemic gradient reduced from 50 to 34 cm H2O. The 5-Fr
catheter should be routinely retained inside the portal vein
through the right internal jugular vein after the procedure
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Figure 2 Portal venous-phase computed tomography and portal venography. A: Portal venous-phase computed tomography showing classical appearance of portal hypertension with liver cirrhosis and splenomegaly; B: Portal
venography showing the anatomy and direction of portal flow.

for the purpose of postoperative regional anticoagulation
(heparin 4000 U/d) and re-examination.
Doppler ultrasound of the liver on d 1 and 7 following TIPS confirmed shunt patency and showed no
evidence of liver parenchymal hemorrhage. The patient
was transferred onto low molecular weight heparin (4100
U/d) and hepatoprotective drugs (such as magnesium
isoglycyrrhizinate injection 200 mg/d, polyene phosphatidylcholine injection 930 mg/d, and ornithine aspartate
injection 20 g/d), and made good clinical progress.
On d 8 following TIPS she developed sudden severe
right upper abdominal pain, which did not significantly
improve after analgesic treatment. Laboratory findings
showed a drop in hemoglobin to 49 g/L, with deterioration of liver and coagulation function: serum alanine
aminotransferase (ALT), 202 U/L; serum aspartate aminotransferase (AST), 300 U/L; total bilirubin, 38 μmol/L;
prothrombin time, 22 s; and international normalized ratio,
1.8. At the same time, she developed clinical evidence of
hypovolemic shock, with confusion, cool periphery, and
systemic hypotension. Emergency ultrasound showed
massive hemoperitoneum. The patient’s anticoagulation
therapy was stopped, and vasoactive drugs were given to
maintain blood pressure. The same day the patient was
transferred to the intensive care unit due to hemorrhagic
shock with an Acute Physiology and Chronic Health
Evaluation Ⅱ score of 17. A large volume of blood (about
1 L) was drained from the abdominal cavity by paracente-
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related complication rates during TIPS have been reported in up to 20% of procedures[6]. Gaba et al[15] have
conducted an in-depth discussion of complications and
how to avoid TIPS-related operations in 2010. Freedman
et al[6] have described a large series of TIPS complications, after analyzing TIPS procedures and complications
at four American centers and reviewing the literature.
They have reported that the most dangerous complications were related to transhepatic needle puncture, such
as biliary duct injury, hemobilia, transcapsular tearing,
arterial puncture, or portal venous rupture. In the event
of such complications, direct surgical suture as well as
local and perihepatic gauze packing can often effectively
stop bleeding. However, if there has been uncontrollable
bleeding despite repeated surgical interventions, postoperative evolution toward hepatic insufficiency (acute or
progressive), and portal vein injuries that cannot be reconstructed, liver transplantation may be the only option
to salvage the patient[16].
The current patient with decompensated liver cirrhosis was admitted to hospital with upper gastrointestinal
bleeding. After adjustment of the liver and blood coagulation function, TIPS was performed to prevent variceal
rebleeding. Routine anticoagulation with low molecular
weight heparin was given in order to prevent early stent
thrombosis and improve the stent patency rate. However, delayed liver laceration suddenly occurred 8 d after
surgery. We consider that it may have been related to
the following factors: (1) patients with liver cirrhosis
suffer from coagulation disorders; (2) small blood vessels of liver parenchyma were damaged during the TIPS
procedure; and (3) stent anticoagulation was given with
low molecular weight heparin when thrombosis had not
formed in a timely manner.
To the best of our knowledge, delayed liver laceration after TIPS has not been reported previously. There
have been only three previous reports about late intrahepatic hematoma following TIPS, occurring in patients
with Budd-Chiari syndrome (BCS). In each case the hematoma resolved with conservative management. It was
considered that the cause of hematoma may have been
related to the use of postoperative heparin[17].
With the introduction of the e-PTFE covered stent,
the long-term patency of shunts has significantly improved[2,4,11,18]. Regular anticoagulation is given to prevent
early shunt thrombosis through systemic or local application. A randomized study of anticoagulation following
TIPS has reported reduced incidence of early thrombosis
but no instances of intrahepatic hemorrhage, although this
study comprised only 49 patients, 25 of whom stopped
anticoagulation 3 d after TIPS[19].
Advanced cirrhosis is often accompanied by severe
liver atrophy, rigidity of the liver, and enlargement of liver fissure. Anatomical variations of intrahepatic branches
of the portal and hepatic veins affect the success rate of
the puncture. This often requires repeated puncture or
appropriate adjustments of the angle[20]. Many candidates
for TIPS have cirrhosis and are more prone to arterial

Figure 3 Completion venography of transjugular intrahepatic portosystemic shunt showing good flow and no contrast extravasation.

sis. Exploratory laparotomy revealed massive hemoperitoneum (3 L). The active bleeding source was located in the
liver parenchyma behind the gallbladder bed of the right
hepatic lobe and was controlled with direct suturing and
perihepatic packing. Erythrocyte suspension, 25 U, fresh
frozen plasma, 2 L, platelet concentrate, 10 U, and cryoprecipitate, 20 U, were infused during and after surgery.
The bleeding had ceased and the packs were removed after
6 d. However, postoperative liver dysfunction gradually
appeared. Total bilirubin continued to increase, up to 505
μmol/L, but ALT and AST were normal (cholenzyme separation). Finally, she died of liver failure 23 d after TIPS.

DISCUSSION
Since the first clinical application was presented by Rössle
et al[8] in 1989, TIPS has gained widespread popularity and
has become the treatment of choice in many clinical scenarios for complications related to PH[9]. TIPS is an interventional radiology procedure that results in decompression of the splanchnic venous system in patients with PH
by creating a low-resistance channel between an intrahepatic branch of the portal vein and a main hepatic vein[9].
When compared with endoscopic ligation and sclerotherapy, TIPS shows a significant advantage with respect
to hemostasis (87% vs 45%, P = 0.03), rebleeding (31% vs
54%, P = 0.0005) and mortality (29% vs 48%, P = 0.05)[10].
TIPS is as effective as surgical shunting in preventing
variceal bleeding and is also more cost-effective[11,12]. Evidence has now been provided that the use of TIPS at an
early stage may represent a new perspective and improve
the outcome and survival of high-risk bleeding patients
selected by simple clinical prognostic indicators[13]. It has
been reported that, in patients with Child-Pugh class C
disease or class B disease with active bleeding who were
admitted for acute variceal bleeding, the early use of TIPS
with an e-PTFE covered stent was associated with significant reductions in failure to control bleeding, rebleeding,
and mortality, with no increase in the risk of hepatic encephalopathy[14].
TIPS can markedly reduce portal pressure, but associated complications are also common. Direct procedure-
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injuries because of enlargement and increased flow in the
hepatic arteries. Therefore, multiple puncture and early
postoperative anticoagulation may be an important risk
factor for bleeding. So, early and timely examination has
become an effective means of diagnosis and treatment
of such complications. Some studies have reported that
dynamic gadolinium-enhanced serial magnetic resonance
examination may be useful to demonstrate and localize
active bleeding, and if performed serially, may have the
potential to quantify the rate of bleeding, which may
potentially decrease the time needed to identify a site of
hemorrhage during surgery[21].
In conclusion, delayed liver laceration is a rare but fatal
complication of TIPS, which to date has not been reported in patients with PH. TIPS is increasingly accepted as an
important management option for PH and other diseases
such as BCS, therefore, this complication must be borne
in mind. We advocate that careful attention to technique
is vital to avoid complications. However, when complications do arise, the first step to stop bleeding is immediate
imaging and secure local hemostasis with direct suturing
and perihepatic gauze packing. If the bleeding does not
stop, based on the clinical status and concomitant liver
failure, liver transplantation may be necessary.
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pathological findings were consistent with lymphoma.
The patient was discharged two weeks after surgery
and did not receive any further treatment. After 25 mo
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follow-up, she is in good health. F-fluorodeoxyglucose
PET/CT is useful in confirming the diagnosis of primary
hepatic lymphoma by demonstrating no other foci with
high uptake in other parts of the body.
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Abstract
Primary hepatic lymphoma is extremely rare, and only
a few cases have been described on positron emission
tomography (PET) or PET/computed tomography (PET/
CT) imaging in the English literature. We report a case
of a 55-year-old woman who presented with low-grade
fever and weight loss of three months. On CT scanning,
a mass was identified which appeared to be a hypoattenuating lesion, on ultrasonographic imaging, the mass
was hypoechoic, therefore, liver abscess or hepatic
metastasis from a gastrointestinal primary was initially
suspected. Tumor markers such as alpha-fetoprotein,
carcinoembryonic antigen and carbohydrate antigen
19-9 were within normal limits. PET/CT demonstrated
a large abnormal ring-like hypermetabolic focus in the
right liver lobe. The lesion was resected and the histo-
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INTRODUCTION
Primary hepatic lymphoma (PHL) is an uncommon malignancy of the liver, and has been described in only a
few reports in the English literature. The prevalence of
PHL is 0.4% in extranodal non-Hodgkin’s lymphomas,
and 0.016% in all non-Hodgkin’s lymphomas[1]. The incidence of PHL has increased in recent years, and may
be related to the human immunodeficiency virus (HIV)
epidemic. Due to its rarity, clinical manifestations and
laboratory tests are non-specific, the disease is usually
misdiagnosed preoperatively, and the final diagnosis depends on histological examination from liver biopsy. In
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the present report, we present a patient with pathologically confirmed primary hepatic diffuse large B cell lymphoma originating from the germinal center.

were negative. Hepatocarcinoma and liver abscess were
suspected. In order to establish a diagnosis, ultrasoundguided percutaneous liver biopsy was performed, and
five strips of liver tissue were extracted from the lesion.
However, examination of the tissue was inconclusive as it
showed fibroplasia and hyaline degeneration interspersed
with lymphocytes. The patient underwent open laparotomy and partial hepatectomy for diagnosis and treatment.
There was no significant mesenteric or retroperitoneal
lymphadenopathy, no ascites were observed in the abdominal cavity, and the gastrointestinal tract was normal.
The tumor was located in segments Ⅳ and Ⅰof the right
liver lobe adhered to the hepatic flexure of the colon and
renal capsule.
The intraoperative frozen section revealed a small
round cell tumor. Microscopic histopathological examination showed a multinucleated giant cell tumor and hepatic
sinusoidal infiltration, interstitial lymphocyte reactive
hyperplasia with spotting hemorrhagic areas and necrosis.
The surrounding liver tissues revealed intrahepatic cholestasis and lymphocytic infiltration around the bile ducts.
Immunohistochemical staining was positive for CD20,
Bc1-6, Mum-1 and Ki-67 (> 80%), and negative for
CD30, Bcl-2, and cytokeratin (Figure 3). The diagnosis of
diffuse B-cell lymphoma originating from the germinal
center was made.
The patient was discharged 2 wk after surgery, and
did not receive chemotherapy or radiotherapy. After 25
mo follow-up, she was in good health.

CASE REPORT
A 55-year-old woman presented with intermittent lowgrade fever and weight loss of 10 kg in the previous 3
mo. She had no remarkable past medical history except
for an operation for a benign gastric stromal tumor. She
was admitted to our hospital due to right upper quadrant
abdominal pain in June 2009. Gastroscopy of the esophagus suggested stromal tumor, and the patient underwent
endoscopic resection of the esophageal stromal tumor.
Immunohistochemical examination showed that the
markers CD34, alpha-smooth muscle actin and Des were
positive, and CD117 as well as S-100 were negative. On
examination, the patient was in good spirits, the skin and
mucosa were anicteric, there was no splenomegaly or enlarged superficial lymph nodes, and the liver was not palpable. Laboratory findings on admission were as follows:
total white cell count 7.9 × 109/L, hematocrit 0.29 L/L,
hemoglobin 8.7 g/dL; total bilirubin 11.6 μmol/L (normal
range 3.4-20.5 μmol/L), aspartate aminotransferase 17
IU/L (normal range 0-60 IU/L), alanine aminotransferase 7 IU/L (normal range 0-60 IU/L), alkaline phosphatase 123 IU/L (normal range 40-150 IU/L); lactate dehydrogenase 209.0 IU/L (normal range 135.0-215.0 IU/L),
C-reactive protein 52.50 mg/L (normal range 0.00-80.00
mg/L), calcium 2.09 mmol/L (normal range 2.00-2.60
mmol/L); and positive antibody for hepatitis B virus, and
negative antibody for hepatitis C virus. Serology for HIV
was negative. The levels of tumor markers, such as alphafetoprotein, carcinoembryonic antigen, and carbohydrate
antigen 19-9 were within normal limits. Chest X-ray did
not reveal any abnormalities. On ultrasound, the lesion
showed heterogeneous hypo-echoicity relative to normal
hepatic parenchyma in the right liver and its border was
clear, dotted blood flow could be seen around the edge
of the lesion on Color Doppler imaging. Computed
tomography showed a solid, cystic hypodense lesion in
the right hepatic lobe measuring 10.0 cm × 6.1 cm on
plain image. The enhancement image after injection of
iodinated contrast revealed mild rim enhancement in
the arterial phase. Obvious enhancement in the portal
venous phase was observed (Figure 1). Primary hepatocarcinoma, liver abscess, and metastasis from the gastrointestinal tract were initially suspected. In order to make
an accurate diagnosis and stage the lesion, the patient was
referred for a whole body positron emission tomography/computed tomography (PET/CT) scan to identify
other sites of involvement. The patient was injected with
6.1 millicuries of 18F-fluorodeoxyglucose (FDG) and after 60 min of uptake time, she underwent a whole body
scan in a dedicated PET/CT scanner. An abnormal ringlike metabolic focus in the right liver lobe was observed,
with a maximum FDG uptake of 17.7 (Figure 2), the
center exhibited less FDG uptake, and other body sites
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DISCUSSION
PHL, which is defined as a lesion or lesions confined to
the liver only without the involvement of any other organ
or lymph nodes, is extremely rare, accounting for less
than 0.01% of all non-Hodgkin’s lymphomas, and can occur in any age group but is usually found in middle-aged
men. The pathogenesis of PHL is unclear, and it is usually seen in organ transplant recipients, in patients receiving immunosuppressive therapy and in individuals with
AIDS. In recent years, studies have indicated that hepatitis C infection is strongly related to PHL, a possible cause
is hepatitis C virus stimulating B lymphocytes and chronic
polyclonal proliferation, leading to liver lymphoma[2,3].
The clinical manifestations are atypical including fever, weight loss, night sweat and right upper abdominal
pain. Lactate dehydrogenase and blood calcium are sometimes elevated[4,5]. Primary hepatic lymphoma presenting
as fulminant hepatic failure with hyperferritinemia was
described by Haider et al[6]. The most frequent pathology
in PHL is diffuse large B cell followed by small lymphocytic, T cell, follicular and marginal B cell lymphoma.
PHL responds to therapy and may have a better prognosis than hepatocellular carcinoma, as it is chemosensitive,
and early aggressive combination chemotherapy may result in sustained remission[7].
Primary hepatic lymphoma has its own characteristic
imaging features. It can be classified into 3 morphologic
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A

B

C

Figure 1 Obvious enhancement in the portal venous phase was observed. A: A hypodense area in the right liver lobe was seen on plain computed tomography; B:
The hypodense lesion showed mild rim enhancement in the arterial phase; C: Obvious enhancement was seen in the portal phase.

A

Figure 2 An abnormal ring-like metabolic focus in the
right liver lobe was observed, with a maximum fluorodeoxyglucose uptake of 17.7. A: Positron emission tomography/ computed tomography imaging showed a high metabolic
focus in the right liver lobe; B: Fusion imaging revealed a
ring-like high uptake focus with lower uptake in the center of
the lesion (as shown by the white arrow).

B

A

B

Figure 3 Immunohistochemical staining was positive for CD20, Bc1-6, Mum-1, Ki-67 and negative for CD30, Bcl-2, cytokeratin. A: The normal structure of
liver tissue was damaged, and showed dysplastic, almost naked nuclear lymphocytes, diffuse infiltration of liver tissue, tumor cells were mainly composed of round
and oval cells, and spindle, polygonal, and multinucleated giant tumor cells were also seen (hematoxylin and eosin, ×400); B: Bcl-6 was positive, and CD10 as well as
Mum-1 were negative (immunohistochemistry, ×400).

patterns: solitary liver mass, multiple focal nodules and
diffuse infiltrative disease, the first 2 patterns are the most
common[8], and an imaging study showed a solitary spaceoccupying lesion or multiple heterogeneous lesions which
were well-defined suggesting hepatocarcinoma or metastasis from the gastrointestinal tract[9]. Elsayes et al[10]
described 12 cases of PHL, three of which presented
with a single focal lesion (25%), eight (67%) patients presented with multiple well-defined lesions, and one patient
(8%) presented with diffuse hepatic involvement on CT
imaging. The lesions in three patients demonstrated rim
enhancement following intravenous iodinated contrast
administration. The features of rim enhancement were
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similar to those in our case. PHLs are usually hypoechoic
relative to normal liver on ultrasound imaging, and in a
minority of cases, the lesions can be anechoic, hypoechoic areas with high perinodular and low intranodular
vascularization on Doppler sonography, which are easily
misdiagnosed as angiomas[11,12]. On contrast-enhanced
ultrasonography, the lesion has mild inhomogeneous hyperenhancement in the arterial phase and wash-out in the
portal and late phases[13]. On magnetic resonance imaging
(MRI), PHLs usually have moderate to high signal intensity on T2-weighted images and are mild to moderate
hypointense relative to liver on T1-weighted images[14,15].
The enhanced image is variable, mainly manifestations
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of early intense ring or predominantly ring enhancement. The imaging features of PHL on ultrasound, MRI
and CT have been reported, while the imaging features
of PHL on PET and single photon emission computed
tomography are relatively rare (the number of PET or
PET/CT studies is small compared to the large number
of ultrasound CT and MRI studies on PHL). PET/CT
scanning which can produce whole body imaging data
and distinguish primary liver lesions from metastatic disease is superior to CT, MRI and ultrasound which only
visualize a limited portion of the body. Thus, PET/CT
is advantageous in the diagnosis and treatment of liver
lymphoma. To the best of our knowledge, three cases
of multiple PHL and one case of diffuse infiltrative disease have been described using PET/CT imaging. While
diffuse infiltrative disease is extremely rare, Kang et al[16]
reported one case using PET imaging in the English literature, this type of PHL is easily misdiagnosed as hepatitis or diffuse cholangiocellular carcinoma. However,
a solitary PHL on PET/CT imaging has not been reported. Whether primary or secondary lymphoma of the
liver is present, imaging with FDG or Ga67 PET showed
high uptake. In our case report, the lesion demonstrated
a ring-like hypermetabolic area, which suggested tumor
viability. The level of isotope uptake may correlate with
disease activity and tumor proliferation[17,18].
In conclusion, PHL is a rare disease, its clinical symptoms, laboratory results, and imaging results are nonspecific, therefore, it is difficult to establish a diagnosis
immediately. Thus, when a solitary hypermetabolic lesion
on PET/CT scanning is found in the liver and no other
organ or tissue is involved, PHL should be considered,
hepatoma and liver abscess should be excluded and a
liver biopsy performed for further management.
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For articles of these sections, original articles and brief articles, the main text should be structured into the following sections: INTRODUCTION, MATERIALS AND METHODS,
RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main
text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm.

cording to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability[1,2]”. If references are cited
directly in the text, they should be put together within the text, for
example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
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File names should identify the figure and panel. Avoid layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the printed and E-versions.
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nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be
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11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publication place: Publication press, Year: start page and end page.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
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Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
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Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).

Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
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No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
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Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
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Units
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blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood
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The format for how to accurately write common units and
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Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
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Chapter in a book (list all authors)
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Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. Proceedings of the 5th Germ cell tumours Conference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
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Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
Examples for paper writing
Editorial: http://www.wjgnet.com/1007-9327/g_info_20100315
220036.htm
Frontier: http://www.wjgnet.com/1007-9327/g_info_20100315
220305.htm
Topic highlight: http://www.wjgnet.com/1007-9327/g_info_20
100315220601.htm
Observation: http://www.wjgnet.com/1007-9327/g_info_201003
12232427.htm
Guidelines for basic research: http://www.wjgnet.com/1007-93
27/g_info_20100315220730.htm
Guidelines for clinical practice: http://www.wjgnet.com/10079327/g_info_20100315221301.htm
Review: http://www.wjgnet.com/1007-9327/g_info_20100315
221554.htm
Original articles: http://www.wjgnet.com/1007-9327/g_info_20
100315221814.htm

Statistical data
Write as mean ± SD or mean ± SE.
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Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

Letters to the editor: http://www.wjgnet.com/1007-9327/g_info_
20100315222254.htm
Book reviews: http://www.wjgnet.com/1007-9327/g_info_2010
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Links to documents related to the manuscript
WJG will be initiating a platform to promote dynamic interactions between the editors, peer reviewers, readers and authors.
After a manuscript is published online, links to the PDF version
of the submitted manuscript, the peer-reviewers’ report and the
revised manuscript will be put on-line. Readers can make comments on the peer reviewer’s report, authors’ responses to peer
reviewers, and the revised manuscript. We hope that authors will
benefit from this feedback and be able to revise the manuscript
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agreement, responses to the reviewers, and English language
Grade B certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
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revision, please send e-mail to esps@wjgnet.com.
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Authors of accepted original articles are suggested to write science
news to promote their articles. The news will be released rapidly at
EurekAlert/AAAS (http://www.eurekalert.org). The title for science news should be less than 90 characters; the summary should
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content with an attractive title and interesting pictures.

Language evaluation
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language polishing; (3) Grade C: a great deal of language polishing needed; and (4) Grade D: rejected. Revised articles should
reach Grade A or B.
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